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PKEPACE TO THE THIRD EDITION 


4part from the ^rar this edition has been prepared under tl e shadow of a double 
misfortune Early m 1941 Etofessor Topley accepted the post of Secretary of 
the jigncnltnral Research Cooncil and thereby took a step that rendered his 
farther participation in this book impossible To replace him I was fortunate 
in enlisting the co operation of our former colleagne Professor Miles Together 
we began the arduous task of revi^jon Out work however had not progressed 
far before the second blow fell Quite suddenly in January 1914 Topley died 
The effect of this second misfortune was almost as senoaj as the first lUbough 
Topley could have made no direct contnbntioa to the text his criticism and advice 
would have been constantly available and he would have helped us to maintain 
that xmifoimity of presentation for which be and I had always striven On Miles 
in paiticnlar the burden weighed heavily since m taking over those puts of thv 
book for which Topley had previously been responsible he was deprived of counsel 
that would douhtle'*3 have proved invaluable to him 

There is no call to write a long preface We hav e endeavoured not merely to 
bring the book up to date but to present the new additions to our knowledge 
m a manner wottny ot their importance One chapter— that on bTiu liicrowoibgy 
— has been deleted bnt tiro new chapters on Chemotherapy and on the Bacteriology 
of Air have been added For the eake of convenience we have divided the previous 
Bactentim chapter into three giving separate recognition to the genera Shigella 
and Salmonella We have also removed the psittacosivlymphogranuloma group 
of diseases from the other filtrable vims diseases with which they were associated 
and awarded them a chapter of their own Except for these alterations the form 
of the book remains unchanged In the first two ed ttons we tried to ensure that 
scientific literatuie from aff parts of the world was lairfy represented but in the 
present edition we have suffered under a handicap imposed by the war which has 
seriously curtailed the inflow of journals from many parts of Europe as well as 
of course from Japan This gap we shall look forward to filling in the future 
Partly because of the nece''sarily one sided picture we have been obbged to pamt 
we have thought it wLe to present our evidence in greater detail than might other- 
wi«e have been necessary and to be perhaps unduly cautious in drawing out 
conclusions The bibhography has been much expanded so as to cater for the 
needs of those who nse the book more as a work of reference than as a textbook. 
For the increased length of the new edition we tender our apologies The war 



PBEFACE TO TBE TBIPD EDITIOS 


tag not been condncive to careful leisoirfy recapitnlatjon, and oar plea mast 
tKe paiadouoal exni»e that we hsTt not had tune to be more concise 

To tho'e who have assisted ns in vanons waj«, we would eipress* our than^ 
TTe are parbcularlj' grateful to Dr Is W Pine for his help with some chapters 
Part I, to Professor A. Bradford Hill for his advice on Chapter 43 and to Profe'"®*' 
S P Bedson, Lt CoL R F Bridges Dr A Q TTcUs, Dr Joan Tavlor, Dr A- ^ 
Stableforth, Dr R Lovell, Mia \anc 3 - Harward, and jnanv of ou former help^*^ 
for information on particnlar problems. To Dr Stuart Mndd and his American 
colleagues, to Profes^r A D Gardner, Dr C F Robinow, Dr S T Cowan, 

\ G Heatley Dr 4 Pijper and th^ pnbli«her« of *' Endeavour " we are indebt^ 
for a number of electron micrographs and photographs , to Professor J R. ^larra^^ 
for Fig 32 to H M Stationery Office for permission to reproduce Fieurcs 32, 

77, 79, 80 and 81 and to Miss Mar<»aret Rees for the preparation of »ome 
diagrams We should also lilt> to pay oar tribute to the library stafis of the Lond®^ 
School of Hygiene and Tropical Medicine, the Bureau of Hygiene, Univeta^ 
College Hospital Medical School, and the Radchffe Science Library, Oxford, 
their unfading courtesy and help in the traang of numerous references 

G S W 

June, 1945 
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PART 1 

GENERAL BACTERIOLOGY 


CHAPTER 1 

HrSTORICAL OUTLINE 

In the atiidy of any hnnch of fic»ence, an acquaintance with the historical derelop 
ment of knowledge la an important element m a clear understanding of our present 
conceptions To the student of bacteriology such a baais is essential It is alaiost 
true to say that the clue to the present position of bacteriology is the cuiiou® fact 
that there La%e been no bacteriologists From Pasteur onnards the great majority 
of investigators hai e been more interested la what bacteria do than in what they are, 
and much more interested m the ways m which they interfere with man s health or 
pursuits than in the ways in which they function as antosomous living beings The 
relations of bacteria to disease, to agriculture, and to various commercial processes 
have presented problems ivhich pressed (or solution , and, as n result, we ha^e 
witnessed a reversal of the normal process 'IVe have seen the development of an 
applied science of bacteriology, or rather its application along many divergent 
lines, without the ptoviaion of any general basis of purely scientific knowledge 
The essential interlocking of pure and applied science has, of course, been in 
evidence here as elsewhere The necessity for being able to recognize a bactetioni, 
which has been shown to be of importance in some province of human affairs, 
or of determining the way in which its harmful or beneficial action is brought 
about, has led to an intensive study of many aspects of bacterial morphology 
and physiology , but, in general, it may be said that the study of bacteria them 
selves has been carried out ert passaiU, that amount of knowledge being acquired 
or searched for, which would afford adequate data for the solution of some problem 
m applied bacteriology GiadnaUy the genera] structure of our knowledge has 
been added to, and gaps have been filled ftlany of those who have started from 
some particular application have been led far afield by that desire for knowledge, 
altogether apart from its technical ap^ication, w^ich is the essence of science 
itself But this mode of construction has given to the general body of existing 
bacteriological knowledge a curious patchiness and indefiniteness which are puzzling 
to the student, and which must lie realized and allowed for in any attempt to 
present the subject as a whole There can be no question of any future recon 
stniction ab inttw The history of a science is largely a history of technique, and 
the foundations of bacteriological tecbniqiie, which presents many pecubar dififi 
culties, have been well and triy laid by ^ose who have worked in this field since 
r B B 
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the middle o£ the nineteenth centniy The pure bactenologist of the future will 
owe ft lasting dett to those who have wewhed on the applied »ide, and fcis invest! 
gations will necessarilv be based upon the knowledge gained by the medical o’ 
agncnittiral bactenologist. The stedj ol immunology, for instance, has suppLed 
a body of facts, and an armoniy of technical methods, which no bacteriologist 
can neglect, and which will inevitaUy pro to future bacteriological research 
certam peculiarities of outlooL. and special methods of attach. 

It 13 customary, in Eummanzing the history of bacteriology, at least in relation 
to medicine, to refer to the conception advanc^ br Fracastonns of Verona (IMG), 
concerning a conJa^ium tinim as the posable cause of infective disease, and to the 
views advanced by i-on Plenciz (1762) on the specifiatv of disease, based on ft belief 
m its microbial origin A concrete eaence is, however, seldom advanced to anv 
considerable extent by arguments, however ingenious, which are propounded with- 
out appeal to experiment, or to wide and detailed observation , and the absence of 
all real progress until the middle of last century is snfBaent evidence that the views 
of Fracastonns, vou Pkucii and others have acquired their mam agmficance bom 
knowledge gathered by later generations rather than from their inherent fertility 
The construction and use of the compound microscope was au essential pre- 
requisite to the study of microbial forms, and the reported observation by Kucher 
(1^9) of minute worms in the blood of plagne patients forms, perhaps, tie earlie«t 
attempt at direct rtucroscopical observation m this field. It is, however, more than 
doubtful whether Eircher could hare seen pbgue bacUb, or indeed any bacteria] 
forms, with the apparatus which he had at his disposal To ran leeowenhoel 
(1683) most be aacnbed the credit of placing the science of microbiology on the firm 
basis of direct observation (Dobell 1932) This Dutch maker of lenses developed 
an apparatus and technique (Cohen 1^7) which enabled him to observe and 
de«cnbe various microbial forms with an accuracy and care which stlU serve as 
a model for all workers in this field He observed, drew, and measured with 
considerable approximation to truth large numbers of minute living cigamsms, 
indoding bacterial and protozoal forms. It is perhaps somewhat surprising that 
this marked advance was not followed by further rapid progress in our knowledge 
of bacteria and their activities Such progress was however, impossible without 
further developments m techmque. The world of minute living things, opened 
to morphological «tndT by van Leeuwenhoek, was seen to be peopled by a mnib 
tude of dissimilar forms whise mterrelationships it was unpossible to determme 
without prelumnary isolation and «o far as bactena were concerned, this isolation 
was not accomplished until the problem of artificial cultivation was solved, almost 
two hundred rears bter 

The real development of bacteriology as a subject of scientific study dates 
from the middle of the mneteenth century, and u the direct outcome of the work 
of Louis Pasteur (1822-95) Isolated observations of microbial parasites, by 
Brassi, PoUender, Davame and others have pnonty m particular instances, just 
as Schultze, Schroedei and Dusch aad others imtiated techmeal methods which 
Pasteur applied to his own researches But it was Pasteur and his pupils who 
settled the fundamental questions at issue, and developed a techmque which made 
possible the cultivation and study of bacteria 

Itemed as a chemist, Pasteur was led to the study of microscopic o^amsms 
by his ob«ervations on the phenomena of fennentation. THu early studies on the 
structure of the tartrates, and on molecular asymmetry, had led him to believe 
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that the property of optical aciiTiiy, possessed by cortaia organic compounds 
was characteristic of substances synthesized by In ing things as contrasted with 
substances synthesized m the laboratory It was known that small amounts o{ 
an optically active substance amyl alcohol, were formed during the fermentation 
of sugar, especially in association with the lactic fermentation Since it was 
impossible to regard the molecule of amyl alcohol as derived from the molecule 
of sugar by any simple break down process he was led to the conclusion that 
the optically active molecule of the sugar was first broken down to relatively 
simple snbstsnces, which experience had shown to be without optical activity 
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and that from such inactive substances the optically active amyl alcohol was 
synthesized For Pasteur this was evidence of the presence and activity of 
living things, and he therefore started on his study of fermentation with a strong 
a pnon leaning towards the microbial theory oi fermentation and away from 
the then dominant hypothesis of Liebig He was prepared to adopt the 
theories already propounded by Cagmatd Latour in 1836, and by Schwann 
in 1837, concemmg the bving nature of the yeast globules, which were always 
to be found in sugar solutions undergoing alcoholic fermentations and which 
had been described by van Leeuwenhoet in 3680 

Since, however, it was m the lactic fennentation that the production of amyl 
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alcobol Latl especially been noted, it was Ibia reaction wbicli Pasteur flirt selected 
for experimental study, though he hswl already made numerous obseriations on 
material from the rats of the Lrewenea of Lille lie was probably influenced by 
the fact that the ob«ervations of Tan Qelmholtn (1843) had already indicated that 
the alcoholic fermentation was due to the yeast itself or to some other organized 
matenah Helmholtz had shown that the substance, whatever it might l>e, which 
was responsible for initiating alcoholic fennentation, would not pass through 
membranes that allowed the passage of orgamc substances in solution but hell 
back particles in suspension This expenment, successful with alcoholic ferment 
atioD, failed with many other ferments and fermentable liquid' Pasteur a mind was 
naturally addicted to generalization, and bis interest lay in the phenomenon of 
fermentation as a general type of reaction, rather than in one kind of fermentation 
in particular It was therefore natural that he should at first neglect the field 
m which the battle was more evenly balanced between the pure!} chemical con- 
ceptions of Liebig, and the biological theories of Cagniard Latour, Schwann and 
Helmholtz, and turn to the field in which Liebig's views had ncier been success 
iuU) attacked Pasteur s first memoir was publi>hed in 18o7, and in it he declaieil 
the tactic ferment to be a living organism, far smaller than the yeast-cell but 
which could be seen under the microscope, conid be ob«er%ed to increase in amount 
when transferred from one sugar solot on to another, and had \ cry decided j refer 
enc^ as regards the character of tie mediom to which it was allowed to develop , 
so that, for instance, by altenog the acidity of the medium ore could inhibit or 
aecelerata lU growth and activity lo this memoir Pa'teur laid the fir't fonnda 
tioBS of our knowledge of the conditions which most be fulfilled for the cnltivatioa 
of bacteria. 

These studies on fermentatiou ocmpied Pasteur almost continuously from 
1855 to 16C0, and he returned to them again at isterrals dsnng later yean He 
was able to show that the fermentation of vanous organic flmds was always 
associated with the preseno* of living cells, and that different tyj«s of fennenta 
tioQ were associated with the pre'ence of microecopic organisms which cocid be 
diflerentiated from one another by their morphology and by their cultural 
requirements Thus, at this early stag*, the idea of specificity entered into 
bacteriology 

It was impossible for Pasteur to portae these studies without facing the 
problem of the ongin of these minute bving organisms, which he regarded as the 
essential agents of all fermentations At time (1855) th»re were two opposed 
schools of tbonght with regard to the gen-'is of microbial forms of life One 
school, denving their concepts from the great caturaLsts of antiquity, beli-ved 
m the spontaneous generation of living things from dead, and esp>v-iany from 
decomposmg orgamc matter It is of bttle interest to remember the ragne terms 
m which such conceptions were clothed , but on* tendency may te not^ which 
did not escape the astute mmd of Pasteur The species of »niTy»al« o' plants 
believed to anse liy spontaneous g'-m-tation were diminishing in number, and the 
average size of those organisms stiQ tedod^d m this category was getting cmaller 
and smaller In the beginning, th** supporters of spontaneous f»n*Taticm were 
prepared to attribute this mode of oti^m to relatively large animals Van Hel 
mont, m the sixteenth century, oSered a prescription for znakiog mice It n<^ed 
the eipenments of Redi (1£S8) to substitute, for the idea that worms were spon- 
taneously genereted in decomposing meat, tie troth that thea^ worms were the 
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larvro of flies, and that their appearance coaid be reiy eimply prevented by pro- 
tecting the meat with game, through which the flies could not pa's to deposit 
their eggs The discovery hy Leeuwenhoek of the world of microbial o^anisms 
gaie a powerful stimulus to the somewhat decadent theory Here, at all events 
were living things which obeyed no known law of reproduction, and whose exist- 
ence seemed to lend support to a belief which had long been accepted by eminent 
anthorities, and which had thereby acquired a natnral prestige 

From the start of his inquiry* Pasteur leaned towards the opposing school of 
those who believed that spontaneous generation was a mjdh, that these micro- 
scopic organisms, like other bving thmgs, were reproduced in some way from 
similar pre existing cells He had already convmced himself that these organized 
cells were the active agente of fermentation (Nearly then they could not arise 
de novo during the changes for which they were themselves responsible, but must 
have been introduced from without Their marked specifioty, maintained through 
repeated transferences from one specimen of fermentable fluid to another of the 
same kmd, was strong evidence in favour of their autonomous reproduction 
Here again Pasteur had tentatively adopted the correct solution before starting 
his experimental inquiry, hut the mam interest of his part m the controversy lies 
in the consummate sViil with which he developed methods which enabled him to 
give clear demonstrations where others had left doubt and confusion, and which 
determined the mam rules of a technique which has made possible the cultivation 
and study of bacteria 

Xegleetisg for the moment the vaguer conceptions of the pre erperuncnta) era, 
the position in 1859 was as follows Needham, an Irish priest, had pablisbed in 
1745 a memoir describing the spontaneous generation of sucrobial organisms in 
closed flasks of putre«cihl6 fluids, which had been heated to destroy pre-esasting 
life These views were strongly supported by the celebrated naturalist Buffon in 
1749 An Italian abbot, Spallanzani, countered in 17S9 with the publication of 
a senes of admirable experunenta in which he cnticized Needham’s results, and 
showed that, with longer heating;, the fluid in such flasks remamed clear and 
sterile This control ersy narrowed into a dispute as to the nature of the pnn 
ciple which survived short periods of bcatmg but was destroyed by long heating 
m flasks hermetically sealed For Spallanzani the principle was a living germ, 
for Needham it was a " vegetative force,” resident in the air, or perhaps in the 
putrescible fluid In any ca«e such a^ument was stenie, and although it was 
generally admitted that the honours remamed with Spallanzam, no final judgment 
was proDOtiDced 

At this time oxygen was regarded as an clement of quite peculiar power 
and significance, and the experiments of Appert (ISIO) on the prarerratfon ol 
food stuSs, by heating and hennetical closure of the containing veasels, followed 
by a weighty expression of opinion by Gay Lu'^ac, had led to a general belief 
that the exclusion of this gas was the essential factor in eusunng the alaence of 
fermentation Schwann (1837) showed that the air in a flask containiog a putres- 
cible fluid, which had been stenlited by boiling, could be renewed by drawing in 
air which had pa«sed through a glass tube immersed m a bath of fusible alloy 
kept at high temperature, and by this means he demonstrated that the pre»ence 
of oxygen alone would not cause the appearance of micro organi'ins in the fluid 
Unfortunately , in the same memoir, Schwann rejiorted other experiments, lu which 
he introduce<l heated and unheafed oir into flasks, containing a eterilized solution 
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of lugar in a eatery extract of yeast, ly inverting the flasks over a mercury bath 
and admitting the air through the mercury seal Here his results, as regards the 
occurrence of fermentation, were altogether nnccrtain, and his conclusions lost 
much of their force Helmholtz (1814) confirmed certain of Schwann’s observa 
tions Schulfze (1S36) had already obtained similar results by admitting to his 
flasks air which bad been drawn through strong potash solutions or through con 
centrated sulphuric acid Schroeder and Dusch (1854) showed that the active 
prmciple could be remo^ed from the air by drawmg it through cotton wool This 
last method was a real advance, since the incoming air had not been subjected 
to high temperatures, nor to strong chemical reagents Unfortunately another 
element of doubt i^aa introduced Schroeder and Dusch relied, for their pre 
liminary sterilization, on a short period of heatmg to the boiling point They 
ezpenmented with four kmds of material — water containing meat, malt of beer, 
mill and meat without the addition of water With the first two materials their 
results were quite uniform the fluids remained unaltered ^\ith the last two 
matenals fermentation usually occurred They concluded that there were two 
kmds of decomposition, associated with the presence of living organisms, the 
one spontaneous, needmg only the presence of oxygen, the other requiring some 
additional principle, which could be tcrooved from the air by filtration through 
cotton wool 

This, then, was the position when Pasteur b^an his investigations in 1859 
In a senes of admirable memoirs, starting in 1860 and continuing for more 
than four years, he went over the ground already covered, added new and 
lUuminating expenments of his own devising, and terminated the controversy by 
clear and decisive demonstrations He showed that the material removed from 
air by pa*sage through cotton wool, or through <imi]ar filters, contained organized 
particles which were neither crystals nor starch granules, but which were similar 
in appearance to the spores of moulds By introducing these particles into flasks 
of sterilized organic matenal, he demonstrated that they were capable of givmg 
rise to the growth of numerous kinds of bving organisms Using other methods, 
he showed that the air in diflerent '•itoations differed in its content of the^c germs , 
that they were numerous in the streets of cities, less numerous m the air of country 
uplands, rare in the quiet air of closed and uninhabited rooms or cellars, where 
the dust had deposited and remained undisturbed, and very rare in the pure air 
of the high Alp<i, above the level of human habitation He showed that Schwann’s 
failures were due to his use of mercury, from the surface of which his Said had 
acquired the germs, which had settled on it from the air He showed that the 
failures of Schroeder and Dusch were due to the inadequate sterilization of their 
matenal 

He also showed that certam aiumal fluids, such as blood or urme, known to 
be eminently bable to undergo putrefaction, could be collected in such a way as 
to remain permanently unaltered 

The controversy with Pouchet, Joly and Musset, which contmued from 1860 
to 1864, did not lead to the collection of many new facts, except tho^e with regard 
to the unequal diatnbution of microorganisms in the atmosphere, but a later 
dispute with Bastian, who became a veteran in the dwindling army of the supporters 
of spontaneous generation, was more fertile, because it caused Pasteur to reconsider 
some of his ideas, and to elaborate the technical methods which he had partially 
developed during Ins re investigation of the results obtained by Schroeder and 
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DdscIi In 187& Bastian published a commmucatiOQ controverting an earff 
statement by Pasteur that urine, stenliced by boiUng, remained tree from growth 
oa subsequent incubation Bastian declared that, if the tirme were made alkaline 
at the start growth often ensued Pasteur, on repeating the espenment, was 
forced to admit the truth of Bastian'a statement A careful retracing of all his 
steps resulted m the demonstration that fimds with an acid reaction, after steriliza 
tion at 100® 0 , might remain apparently sterile because certain organisms, whicn 
remained alive, were unable to develop, while m an olkabne medium they might 
grow frcelj It was found also that ordinary water frequently contained organisms 
which were not killed by heating to 100® C , and that organisms which bad become 
deposited on the surface of gla«s ware m the dry state might withstand fat higher 
temperatures We know now that >t is especially for tho«e bacteria which form 
spores that these conditions hold true As a result of this controversy Pasteur 
established the practice of heating fluid material to 120® C under pressure for 
the purpose of steriliiation, thua introducing the autoclave into the laboratory 
and the practice of stenliitng glass ware by dry heat at 170® C In this con 
ncction a very important advance was made by Tyndall who, observing that 
activcl) growing bacteria are easily destroyed by boilmg, and that a certain amount 
of time 13 required for bacteria in the resistant, inactive phase to pass into the 
growing phase in which they arc heat sensitive, introduced the method of sterilisa 
tion b} repeated heatings, with appropnate intervals between them This method 
IS still loaown as Tvmlallitation It was flrst described in a letter to Huviey in 
1877 (see Bulloch 1S30) 

While investigating the phenomenon of fermentation and the problem of 
spontaneous generation Pavtoar had studied the behaviour of very various bnds 
of natural organic fluids and solution'* and bad succeeded in growing micro- 
orgasums on simple sj'Othetic media As a result he had become assured of the 
fact that a medium, which is eminently suitable for the growth of one bacterium 
or mould, may belli adapted for the growth of another, and that one of the primary 
necessities for the successful cultivation of any species of micro organism is the 
discovery of a suitable medium for its growth Quick to grasp the general sigiu 
ficance of isolated observations, he pointed out the decisive eflect which must 
be exercised by the selective action of vanous environmental factors in determimng 
the constitution of any naturally occurring bacterial flora , and he later developed 
these ideas in connection with the problem of mfcction 

As the result of these studies Pastenr had collected a mass of data which 
enabled him to deal successfully with bactcnological problems that could not 
previously have lieen attacked He bad learned the need for the scrupulous 
stenhzation of everything that came into contact with material which was to be 
submitted to bocteriological ciaromatiOD He had learned the necessary methods 
of stcnhsation, tn the steamer, to the autoclavre in the hot air oven, or by direct 
flaming, which enabled these conditions to be fulfilled He bad proved the service 
ablenesa of the cotton wool plug for protecting media in flasks or tubes He had 
realized the importance of the constitution of the nutrient material offered to a 
given bacterium, of the acidity or alkalinity of that medium and of the oxygen 
pressure to which it was subjected Aimed with this knowledge he proceeded 
to break new ground 

Pasteur was before all else a scientist intensely cntious, and loving knowledge 
for Its own sake, but he was also a convinced ntditarian, and a Frenchman He 
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of sugar in a watery extract of yeast, by inTCrting the flanks over a Bcrcnry bath 
and admitting the air through the njercury ecak Here lus results, as regarfs the 
occurrence of fermentation, were altogether uncertain, and his conclusions lost 
much of their force Helmholtz (1814) confirmed certain of Schwann’s olxerva 
tions Schnltre (1836) had already obtamed similar results by admitting to his 
flasks air which Lad been drawn through strong potash solutions or through con* 
centrated sulphuric acid Schroedet and Busch (18o4) showed that the active 
principle could be removed from the air by drawing it through cotton wool This 
last method was a real advance, since the incoming air had not been subjected 
to high temperatures, nor to strong chemical reagents Unfortnnately another 
element of douhl was introduced Schroeder and Busch relied, for their pre- 
liminary Etenlization, on a short penod of heating to the bo3mg pomt. Ihey 
experimented with four kmds of material — water containing meat, malt of beer, 
milk, and meat without the addition of water With the first two materials their 
results were quite uniform the fluids remained unaltered W ith the last two 
materials fermentation usually occurred. They concluded that there were two 
kinds of decomposition, associated with the presence of Iinng organisms, the 
one spontaneous, needing only the presence of oxygen, the other requiring some 
additional principle, which could be removed from the air by filtration throngb 
cotton wool 

This, then, was the position when Pasteur b^an his investigations in 1859 
In a senes of admmble memoirs, starting in 1860 and continuing for more 
than four years, he went oier the ground already covered, added new and 
illuminating expenments of his own devising, and temunated the controversy bv 
cleat and decisive demonstrations He showed that the material removed from 
air by pa*sage through cotton wool, or through simibr filters, contamed organized 
particles wbch were neither crystals nor starch granules, but which were similar 
m appearance to the spores of moulds By mtroducmg these particles into flasks 
of sterilized orgamc material he demonstrated that they were capable of giving 
rise to the growth of numerous kinds of bring organisms. Using other methods, 
he showed that the air in difierent situations differed m its content of the^c germs , 
that they were numerous in the streets of cities, less numerous m the air of country 
uplands, rare m the quiet air of closed and immhabited rooms or cellars, where 
the dust had deposited and remained ondistarbed, and very tare in the pure air 
of the high Alp« above the level of human habitation Be showed that Schwann’s 
failures were due to his use of mercury, from the surface of which his fluid had 
acquired the germs, which bad settled on it from the air He showed that the 
failures of Schroeder and Bosch were due to the madequate sterilization of iheir 
matenaL 

He also showed that certain animal fluds, such as blood or unne, known to 
be emmently bable to undergo putrefaction could I*© collected in such a way as 
to remain permanently unaltered 

The controversy with Pouchet, Jolj and Slosset, which continued from 1860 
to 1864, did not lead to the collection of many new facts except tbo«e with regard 
to the unequal distribution of micro-organisms in the atmosphere , bnt a later 
dispute with Bastian, who became a veteran id the dwindbng army of the supporters 
of spontaneous generation, was more fertile, because it caused Pasteur to reconsider 
some of his ideas, and to elaborate the technical methods which he had partiallv 
developed during his re inicstigation of the results obtamed by Schroder and 
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Du'ch In 18TC B'v'tian puttisht<t a communiCAtion controverting an early 
ftatcfflCDt bj ra-ilcur that «nnc, alcnlizwl ly boilmp, rcmainccl free from growth 
on fub^cquent inculjalion BvMian ttecUred that if the urmo were made alkaline 
at the *tart, growth oltcn cu^ued PaMcnr, on repeating the experiment, wa» 
forml to admit the troth of Baatian’a alatcmcnt A careful retracing of all hi« 
»tepa resulted in the demon^lralion that floids with an acid reaction, after etenhza 
lion at 100® C, might remain apparentl} atenla because certain o^anwm^, which 
rrmamcil alive, were tinaile to de\elop, while in an allalino medium they might 
grow frreh It wai found alw) that onlinarr water frequently contained organi’ins 
w hieh were not kdletl by heating to 100® C , and that orgam«mi which had become 
depo«ited on the rurfare o! gla«« ware in the dry »lotc might withstand far higher 
temperatures Ue know now that it is especially for (hose lacterm which form 
iporea that thes" conditions hold true As a result of this controversy Pasteur 
e«talh«hed the pfadiee of liestinp fluid matena) to 120® C under pressure for 
the purpo*c of stenlirMion, thus mtroalucing the autoclave into tlic lalioratory 
and the practice of stcnlixinp glassware by dry heat at 170® C In this con 
nection a very important alvsncc was mailc by Tynlall who, observing that 
actively ptosnng bsctcrui are essilv destroyed by boding, and that a certain amount 
of lime H requifwl for 1 ictmv In the resistant, inactive phase to ptss into the 
growing phase m which thev are h'^at sensitive, introilueed the metho«l of stcnlizv 
tion In repea(e<l hestings, with apiropnsfe intervals liet ween them This melhw] 
IS still known as TvndvHiiAiion It wa* first dcscril>eil m a letter to Ifiixfej m 
l'^77 (*eo llolloch IDS’*} 

^\hi!e invrsttpattng the phenomenon of fermentation and the problem of 
•jHintaneous generation Pa«leuf ha/t stulied the Uhaviour of very various kinds 
of natural organic fluids and solutions and had sueeeeiied ic growing micro* 
organisms on umite svnthetic tneiha As a result he hs i lieeome assured of the 
fact that a me-linm which is eminently suitalle for the growth ol one liactcnum 
or moull, may !« ill adapted for the growth of another and that one of the primary 
necessities for the successful cuUivation of any species of micro organism is the 
discovery of a ruiUl le me<l»om for its growth Quick to grasp the general signi 
ficatice of isolated olr*<rv aliens, |e pointed out the decisive effect which must 

exercised by the relectivc action of vwnous environmental factors in determining 
the eonstitutino of anv naturallv oecomng lactenal flora , and he later developed 
these ideas in connection with the problem of infection 

As the resah of these niudies IVleor had collected a mass of data which 
enabled him to deaf sueccMfuIfr with I actenofogical problems that could not 
prcnouslr liave )>een attacked He bad learnM the need for the fcnipulous 
stenhiation of everything that fame into contact with material which was to b* 
eul miUed to I sctennlogicnl examination Hi. had learned the necesaary methods 
of Bterilizatiun, }n the steiiner, in the autoclave, in the hot air oven or by direct 
flaming, which enabled the«<* mndillons to bo fulfilled Ifo had proved the service 
Bbleness of the cotton wool j log for protecting mcilia in flasks or tubes He bad 
realized the importance of the constitution of the nutrient matenal offered to a 
given 1 actenum, of tlie acidity or alkalinity of that medium and of the oxygen 
prcMure to which it was aiibjecleil Aonei! with this knowledge he proceeded 
to 1 reak new ground 

Pasteur waa before all else a scientist, intcnvly curious, au I loving knowledge 
for lU own sake, but ho was nbo a convinced otihtarian, and a Frenchman He 
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desired greatly that his discorenea should benefit mankind in general, France m 
particular, and, if possible, his neighbours in the first place Thus we find him 
investigating with enthusiastic care the troubles of the local vnntners or brewery 
or vinegar makers, and many of his memoirs are devoted to the diseases of wmes 
or of beers, and the methods q{ preventing them It was in connection with 
the<e studies that Pasteor faced a new problem of ftmdamental importance He 
had shown that ferments were livmg organisms, that they were specific, that they 
were reproduced from parent forms and not by spontaneous generation He was 
now faced with the problem as to whether one species conld change into another, 
in particular whether mycoderma vini conld change into the ordinary yeast of 
wine Deceived on this pomtat first, he resorted as usual to rigorous and repeated 
experiments, and not only demonstrated that this mutation did not occur, but 
indicated clearly the conditions which led to its apparent occurrence, and the 
care which must be exerci«ed before accepting any reported variation of this 
kind 

one who reads for himself the original memoirs on fermentation and spon 
taneous generation (see Vallcry Radot, P , l‘'22-!933) will realize that the possibility 
of applying this new knowledge to the elucidation of infective disease was already m 
Pasteutsmind Itnccdedo^j thespurofarequestfromDumastomvestigatcthe 
disease, which was then mining the siltnrorm industry in the Sooth of France, to turn 
his steps iKimanentl^ towanls the study of infective proceases, cannot follow 
here, even m outlme, Pasteur's researches into p^brtne, anthrax, chicken cholera, or 
hydrophobia Some of them will be loferred to id later chapters 'kkeaDSt,how 
ev er, note certain contributions w luch Pasteur and his colleagues made to the funda 
mental data of bacterul mfectioos It was Pasteur who showed, in the case of 
anthra^hat a culture of a pathogenic orgnm^m could be passed through eucces 
81 VC subruhi^s, m such a way as to dilute, beyond possibOity of •igmfieant action, 
any otho* material introduce with it into the primary culture from the blood 
or tissues, still produce the disease when inoculated into a susceptible animal , 
thot&lv'ft^is to Koch that priority most be given as regards many points m the 
demo^tmion of the nature and action of the antlirax bacillus. It was Pasteur 
who introduced into bacteriolo^ the conception of virulence and of attenuation, 
and who demonstrated the fact that an attenuated bactenal culture will act as a 
vaccine, that is, will confer immunity against subsequent infection with a virulent 
strain of the same bacterium For Pasteur, indeed, a vaccine was synonvmons 
with an attenuated culture, as opposed to a virulent culture on the one hand and 
to a dead culture on the other It was Pasteur who, in the case of rabies, showed 
that It was possible to study the virus of as infective disease by animal passage, 
when the oigamsm conld not be cultivated, and even to prepare a perfectly efficient 
vaccine by using suitably treated auimal ti*^ne 

Thus, throughout a long scientific life, Pasteur was largely concerned with 
the practical application of knowledge gained during his stndies on fermentation 
TI e correct procedure for preparing good wine, good beer, good vinegar, and 
the methods of preservmg them, the control of pebrme, of anthrax, of chicken 
cholera of hydrophobia, these were the problems which occupied the last thirtv 
years of his life, and the solution of which made Lis name a honsehold word. But 
we shall miss the real significance of his work if we fail to realize that his fertile 
generalizations were of infinitely more importance for the progress of science 
than were his «nccessful attacks on the^ isolated, problems. 
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He had teamed how to JsoUte and coltivate Irtctcrn, and bow to stud^" their 
eilcct OR aRiJRftls , tut with Otc minoti'c of their morpholog^j or physiology, 
apart from any significance these might lave for the problem in hand, bo was 
not greatly concerned DucKux relates that a cleser and positive microscopisl, 
who told Pasteur in \cry cautiooa Hogoage that n cerlaia organi«m which 
be had taken for a coccus rvas in reality a very small bacillus, was much aston- 
ished to bear him reply 'If yoa only knew bon little difFerenee tHt makes 
to me*” 

One further point roust be noted Pasteur and his colleagues had shown how 
to obtain cultures of micto-otgamsms and propagate them indefinitely in the 
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laboratory , but the methods which they employed were not wtll suited to the 
isolation of pure strains of bactena from an onpnally mixed culture, escej t m 
tho«e relatively rare ca«e8 in winch it was p»js.«iblc to omplox a highly selective 
medium Since all media were erojdi^ed in the fiuil stale the only methoil of 
purifying a culture was to make mccesane tmnsftrs with very small amounts of 
material, in the hope that only a few bapreni, all of one kinl wmiH l>c rarricd 
o\cf Such a technique was icry uneertim in Us results 

Pasteur, starting as a ebemist, foundrd bactmoliigy an 1 ixi oluti inue<l tne«li 
cine At about the time when he was propounding fus g mi fleory of dc^as*-, 
a young flennan pliisicnn «wne twiiitv jiam bis junior was tuminc from 
clinical inwbcine to bxelenolngy Iloiwrt Koch (1*^13 HIO) at tbit time a 
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practising physician at WoUstem attaelced the problem of anthrax and pro- 
duced as his first contnbution to acience a demonstration of the character and 
mode of growth of the causative baallos which opened a new era m bacterio- 
logical technique This memoir he pablished in 1876 In the followmg year he 
published bia methods of preparing fixing andsta ningfilm preparations of bacteria 
using the anilme dyes inti^nced into histology by ^^elgert and described his 
methods of photographmg such preparations In 1878 he published his memoir 
on traumatic infective diseases which remains a classical example of the study of 
cipenmental infections in laboratory animals In 1881 he described his method 
of preparing captures on eohd media a tec&oicaf advance of the first importance 
since it made possible tbe uolation of pure strains of bactena from single colomes 
Sohd media prepared from naturally occumng matenal such as pieces of potato had 
previously been used for the isolation of micro-organisms particularly by mycolo 
gists and the general principles to be observed in tbe preparation of pure cultures had 
been clearly enunciated by Brefeld who had suggested the sobdification of a nutrient 
medium by the addition of gelatin The media and methods available for the culti 
vation of fungi were not however well suited for bacteria and it was left for Kocb 
to devise m the form of his nutrient gelatin and later at tbe suggestion of Frau 
Hesse of nutr entagar a solid transparent medium easy to sterilize and handle and 
thus admirably adapted forobtaiaiogiso1at«dcoloniesofbactena(see BuUocb 1930) 
In 1882 and 1884 ho published his classical papers on the bacillus of tuberculous. 
In 1883 be discovert the vibno of cholera Already Eoch had enlisted tbe 
services of Loeffler and of GaSky as his assistants Later came Pfeiffer Sitasato 
Welch and many others and with his growing fame he began to gather round him 
a group of keen and able young men who were destined to introdoce the methods 
be devised into the Uboratones of many lands* In 188o he was appointed Professor 
of Hygiene and Bactenology m Bcrtin and in 1891 he was made Director of the 
newly founded Institute for Infective Diseases His later years were devoted almost 
entirely to the investigation of bacteriological problems in their reUtion to the 
prevention and cure of disease and many of his contnbutions to our knowledge 
will be considered in later chapters Koch was above all an able and careful 
techmcian He was greatly aided by tbe vigour and initiative of the great German 
chemical and optical firms and tbe advances which he made in staining methods 
m the use of the niicro«cope for the ob««rvatioD of bacteriological preparations 
and m the technique of cultivating bactena revolutionized this branch of 
science 

The fmits of this revolution appeared with surprising rapidity Dnrmg the 
last quarter of the nineteenth century a succession of discovenes was reported 
beanng on the relation of bactena to human and animal disease which opened a 
new era in medicine 

In 1874 Hansen described the banllusof leprosv and^eisser m 1879 the gono- 
coccus In 1880 Pasteur recorded the isolation of the baciUnaof fowl cholera and 
Eberth observed the bacillus of typhoid fever In 1881 Ogston published an adequate 
description of the staphylococcus In 1882 Koch discovered the tubercle bacillus 
and Loefficc and Schutz tbe bacillus of glanders In 1833 Koch discovered tbe 
cholera ^ ibno Pehle <^0 isolated the streptococcus of erysipelas and Klebs 
de«cnbed but did not isolate the bacilloa of diphtheria. In 1884 Loefilet isolated 
and subjected to thorough study the bacillus which Klebs bad bnefly desenbed 
m the previous year, and Gaffky isolated and studied the typhoid bacillus which 
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Eberth bad obsetred four yeara prevjoasly In 1885 Loeffler discovered the 
bacillus cf Bwme erysipelas Kitt tbe baallusof tfemorrhagic septiCEemia of cattle 
and Salmon and Smith the bacillua associated with hog cholera In the same year 
Nicolaier observed the tetanus baciUos in soil inoculation of which produced the 
disease m animals In 1B86 Fraenhel isolated the pneumococcus Eschench the 
colon bacillus, and Loefflcr the bacdlna of awine plague In 1887 Weichselbaum 
discovered the meningococcus and Bruce the micrococcus of Malta fever In 
1888 Gaertner described the baciUiB which bears his name and Schutz the strepto- 
coccus of equine strangles In 1889 Kitasato cultivated the tetanus bacillus 
which had been earlier observed by Nicolaier In 1892 Pfeiffer isolated the bacillus 
which he believed to be the caa«e of influenza and Welch and Nuttall described 
the amerobic bacillus now known as Cl wlehn In 1894 Kitasato and Yersin 
independently discovered the baciUus of plague In 189o Moore isolated the 
bacilins of fowl typhoid In 1896 van Ermcngem described Cl boluhnum as 
the cause of a particular variety of food poisoning In I89T Bang discovered the 
bacillus of bovine abortion In 1893 Shiga isolated the variety of dysentery 
bacillus which bears his name and Nocard and Roux described the minute organism 
of infectioos pleuro pneumonia of cattle 

Thus by the close of tbo oiseteeath century a great variety of rajcro organisms 
had been identified as occurring in deflnite association with human or animal 
dtseace In many instactccs complete demonstration had been aflorded that the 
telation was one of cause and eSect In others this relation was rendered highly 
probable In others, agam, there remained good reason for doubting whether 
the bactenum, whose presence had been demonstrated played any more important 
role than that of a eecondaty invader Beyond dispute, however the acientiflo 
investigation of infective disease had become the province of the bacteriologist 
Another incident had done much to emphasize the importance of bacteria as 
the cause of disease aud death although it bad comparatively little influence on 
bacteriology itself Joseph Lister (1827-1912) during bs tennre of tie Professor 
sbp of Surgeiy at Glasgow, was deeply interested la the post-operative sepsis, 
wbch exacted such a terrible toll on the lives of hospital patients His attention 
was drawn to Pasteur s work on fermentation and the analogy between the changes 
which occur m fermenting o^;amc material and the putrefaction which occure in 
wounds suggested to him that m the latter as in the fonner the underlying cause 
might be the activity of minute Iivmg organisms This led directly to the intro 
ductioa of bs antiseptic technique lo surgery described in 1867 which opened the 
door to modern surgical method Lister s technique has since been replaced by 
asepi/c measures, hut this detracts in so way from the merit of iis discovery 
not from the debt which we owe to him for fighting the usual battle against the 
forces of ignorance and prejudice Nor should it be forgotten that Lister made 
important contributions to bacteriolcigjcal techmque as such He devised a method 
for dilutmg a bacterial culture and preparing a senes of subcultures with so small 
a volume of the original fluid that many of them remained sterile the presump 
tion being that those that grew had developed from a smgle bacterial cell In 
this way he wolated, in 1878 a bactennm that caused the souring of miUc 
and Bulloch (1938) expresses the -view that he may perhaps have been the firet 
bactenologist to obtain A certainly pure coltiire 

But the revolution inaugurated by Paateni and extended by Koch spread far 
beyond the field of medicine AgoeoUunsts had Jong been puzzling over the 
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problem of soil fertibty, without amnng at any very helpful conclusions. One 
canons phenomenon was the reaccomolation of nitrates m the soil, in <pite of 
their constant removal by the washing action of the ram It was suspected that 
these nitrates might be derived in some way from the decomposition of organic 
matenal and m 1877 Schloesing and Sluntz, acting on a suggestion made hy 
Pasteur in 1862, showed by expenment that the formation of mtrates was dn* to 
the action of living organisms 'Waangtoo, at Rothamsted, confirmed these 
results m 1878 and 1879, and showed that two stages were involved a preliminary 
conversion of ammoma to nitrites, and a subsequent oxidation of nitrites to nitrates 
He bebeved that these two stages were earned out by different organism®, but 
failed to Isolate or identify them. This problem was solved by ’Winogradsty in 
1890 who isolated and desenbed both the mtnte and mfrate forming organisms 
In 18SS Hellnegel and Willfarth desenbed the nitrogen fixing bactena which caused 
the formation of nodnles on the roots of legnminons plants Later Wmograd«ky 
desenbed a free-living anaerobic organism which wm able to fix atmosphcnc 
nitrogen, and Beijennck, some fen years later, described a large, free living, 
nitrogen fixing aerobic bactennm, which he named Azotobaeter, and which has 
since been extensively studied The bacteriology of the soil thus became an 
important part of agricultural science 

In the early years o! the bactenological revolution it had been demonstrated 
that bactena attacked plants, as well as ammals. In 1878 Bumll desenbed the 
organism of pear blight, and in 1838 Wakker discovered the bacillus which causes 
the ‘ yellows ” of the hyacinth This branch of bacteriology has been pursued 
energetically during the last thirty years especially by Erwin Smith and his 
colleagues in Amenca 

The demonstration by Pasteur of the essential nature of fermentation led, as 
a natural consequence, to the entry of the bactenologist into the commercial 
sphere. His help was required in dairy farming in brewing in the preservation 
of foods, and in all those comniercial processes in which bacterial activitv was 
desired or feared. 

Fig 3, which sets out m diagrammatic form the time relations of the more 
important discoveries associated with the work of Pastenr, Koch and Lister, may 
be of «ome service in enabling the student to follow the development of our know 
ledge down to the end of the nineteenth centnry 

This brief summary will indicate with suSicient clearness to how great an extent 
the bacteriologist has been occupied with appbed problems He has, by way of 
description, usually been ^atisfiedlf be could detennme, for any given bacterium, 
a number of characters sufficient to di&erentiate it from the organisms with which 
be considered that it was most like'j to be confu«ed It is in this way that our 
knowledge of bacterial characters has slowly grown and it is not surpn^mg that 
the results should be an arbitrary and rather odd assortment of diilereotial entena. 
In euch a bacterial group as that compn^ing the colon and typhoid bacilli, 
and certain nearly related organisms, it has been demonstrated that fermentation 
reactions form a reliable method of differentiation, and such reactions have been 
eitensivelv studied In another group morphological differences may be more 
distinctive, or the production of iipecific toxins may be a well marked feature in 
certam species The soil bactenoli^st emidoys methods which differ m important 
respects from those used by other workers It is the inevitable resnit that 
systematic bacteriology has been very generally neglected, and it is only in recent 
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years that any real attempt has been made to snrvey bactcnal groups as a whole, 
and to bnng some order out of our chaos 

The first two decades of the present centncy witnessed no such striking advances 
in OUT knowledge of the bacteriology of disease as occiured between 1875 and 1900, 
aad the reason for this sjower prepress is obvious The technique developed by 
Piutenr and Koch had been applied over a very wide field Those problems 
which were susceptible of solution by the methods available had, to a great extent. 
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been solved, and those which remained unanswered appeared to demand new 
methods of attack, or at least attack along new lines 

The study of immunity has absorbed the interest and energies of a large number 
of bacteriologists during the past forty years This branch of bacteriology 
derives from Pasteur’s studies on chicken cholera, anthrax and rabies, from Jletdini- 
koS's investigations on the CfUular leacUons in infection, and from the work of 
Buchner. Nuttall, von Behrmg, Ehrlich, Bordet and others, who have investigated 
the reactions between the seta of aitifioally unmunixed animals and the bacteria, 
bacterial products, foreign cells, or fore^ proteins mth which they have been 
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iDOcnlat€d. The derelopment of oar tnowledge of the*® pieDomonii wiD be 
discust^i in Chapter ” 

The demonstration br LoeSer and Frosch in 1S9 that foot and month (Lseas« 
was caused bv a virus which could pass through a porcclam filter and was below 
the limits of d rect micro*cop cal observation opened a new field for investigation. 
We now know many diseases which can be transmitted bv filtered suspenaons 
of material obtained from infected animals and in which therefore a filter passmg 
vims 15 presumably concerned. 

There is nothing surprising in the fact that the rears from I'^OO to or 
thereabouts were for bacteriology a period of dower development as compared 
with the riotous growth of the eighteen-eighties. The ground won had to be 
consolidated. The prenous advance had been a somewhat hastv affair and 
many secondarr problems had been left for more leisarelv soln ion 'lanr hactena 
were very incompletely described Many had been described indepcndentlr bv 
different mvc t f’alors so that the same bactenum was masquerading under «everal 
different names. JIanv of the earher descriptions especially of the anaerobic 
bactena had been ba^ed on impnie cultures. Little notice had been taken of 
resemblances between bactena isolated at different times from different sources 
unless the pract cal application of the knowledge gained brounht mch resemblances 
forably to the attention of «ome ob*erter Little was Imown about the dirtribn 
tioa in nature of bactena other than those concerned in the causation of disease 
or m some commercial or agncoltural process, and even here the data were rerv 
Bcantv Bacterial ecologv u indeed stiU almost an nnezplored temtorv In all 
the<4 directions the past thirty rears have seen a considerable advance Bacteca 
have been studied more srstematicalh Fuller and more accurate de*cnptions 
have been recorded and errors have been corrected- The lab^Umg of the clock 
Etra os of bactena scattered throunhoot the iaboratones of the world has been 
more closely «crutimred Many synonvms have been ropprtssed and species 
that had rece red ^ereral names have been shorn of all but os* The forma ion 
of such coUectioDS as the National Collection of Tvpe Cultures m this country 
has provided a mnch needed standard of reference 

This re survev of the bactenologwal field on its qnahtatire side has been 
a^ociated with a great advance in our quantitative methods. Th« introduction 
of bactenological methods of analvsis in the control of water supplies mUk and 
so on demanded ctandardmed tests yielding numerical answers. Those first 
employed were in most cases very faulty There was a failare to realire many 
of the technical sources of error and there was a etiU more geneTil failure to 
take into account the statistical pnnaples invohed m anv sampling of this kind. 
It IS indeed only withm recent veare that a satisfactory liaison has been e«tab- 
lished between the bactenolo^t and the <tatistican and even now it is not 
as general as it •hould be It is not merely a question of the land of analytical 
test referred to above The vast literature of immunity contains record after 
record which is rendered meaningless a neglect of tie sampling errors involved 
in working with small groups of animals. Reference to Chapter 43 will pro- 
nde examples of the wavs in which these errors may be avoided. 

In the lavt twenty rears or «o there have been unmistakable «i'tis that bacten 
ology IS on the march again. \s always in expenmental cc ence it has been 3 matta 
of techmque. In this case the acceleration has followed the application to bacteno- 
logy of the more exact methods of analvais developed hv the chemist and the 
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phjsicist The facts set out m Chapter 3 show clearly the rapid advance that 
has followed the jiicursjon of the biochemist into the bacteriological domaiD 
Tho c described in Chapter G show the organic ebenust and the biochemist imtiating 
R rejuaikable e-^tension of chemotherapy m relation to bacteria and the out 
standing success of sjoithetic salphonamide compounds and of the natural mould 
product penicillin and those described m Chapter 7 show the organic and physical 
chemist inaugurating a new era in immunology The remarkable increase within 
quite recent jears of out knowledge of the filtrahle viruses (see Chapters 41 and 
&>-89) has resulted in large part from improved methods of filtration optical 
examination and high speed centrifugation It is not a rash prophecy that the 
years ahead of us will he the eighteen eighties over again 
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CHAPTER 2 


THE BIOLOGICAL CHARACTERISTICS OF BVCTERIA 
MORPHOLOGY 

Geaeral Considerations — ith the exception of certain obserrations on the 
finer structure of the bacterial cell, trbich wiU he referred to later, our knowledge 
of bacterial morpholog} has been gained from the study of cells which have been 
culti%ated in the laboratory under artificial conditions The morphology of 
bacterial cells may be notably aflected by the constitution of the medium on 
which the bacteria arc grown the temperature of incubation, and many other 
factors In particular, the cells m a pure culture may show very striking changes 
with age It is customary to regard the forms found in young cultures as 
tvpical of a gnen species, and the aery diOereot appearances, often met with 
in old cultures as due to the occurrence of degenerative changes IIow fcir we 
are justified m labelling all the morphologically atypical cells that we meet 
with in old cultures as degeneration or mvolutioa forms, is a controversial ques- 
tion which is dj«ca«sed elsewhere It must always be remembered, however, that 
when a description is given of the morpholog} of any bactcnal species, such a 
description is wppo'-cd to apply to the cells found in a young, actively growing 
culture on a medium which is favourable to the growth of that particular species 
and incubated at the optimum temperatute, unless the contrarj is spccificallv 
stated Tho«e who are for any purpo^ descnbmg the appearances met with in 
preparations from bacterial cultures should always recollect that such de<cnp- 
tioDS hive little value unless the exact conditions of cultivation are carefully 
noted 

Apart from variations associated with age, variations in form, sometimes of 
a very sinking character, may occur in voung cultures of a single bacterial species 
Different forms of cell may be present m a single culture , or the cells may appear 
to alter their form in succcvsive snbculturca , or different strains of a single bacterial 
species may show morphological differences, which persist in successiv e subcultures 
carried on over a considerable penod of time A description of the morphology 
of a given bacterial species should include the characters displayed by the modal 
form, and the extent to which these characters Tsr} Vanabilit} of form is in 
itself, very characteristic of certain bactenal species , while other species show 
only minor differences in the shape and sire of the bactenal cells 

The Sire ol Bacterial Cells — Ignoring for the moment the very large bactena 
which have been described by a few investigators, and tbo'e very minute organisms 
which vnll pass through a porcelain filter — the filtrable viruses — it may be said that 
the dimensions of most cultivable forms are of the order of low multiples or sub- 
multiples of I e of 1/lOOOth of a millimetre Among the spheroidal forms, the 
16 
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pirasilic stap!i> lococci Bnd streptococci uwill^ measure betwcou 0 75 /i and 1 25 
mJismetor Some forms of micrococci omrcin-o ma^ sho^r an average diameter of 
1 5 to 2^1 Among tie rod form?, a tcHtnel} large lacdlus.swcb as D anlhracu, laa 
a transicrso diameter \arjnng Utwccii I and 1 25 ft and a length \arying bets^cen 3 
and 8/1 A medinm-sued l«cilJua, such as Baei co?», has a transferee diameter vary 
ing lictwccn 0 5 and I ft, and a length of 2 to 3;i A \er> small bacillus, such as tie 
inlluenza bacillus, las an ai crage diameter of 0 2 to 0- J /r, and a length of 0 7 to I 5 /i 
Some bacvUi, euch as Cl tttam, may comhine a small transfer*® diameter, 0 3 to 
04/1, srjth considerable length, 3 to 5/i AH such tneasurements must, of course, 
be talen as rcprcwnling a modal siae, cotrespoadiag to the modal form and wide 
vnnalions may occur Some spccica of baciUi, for example, may slow occasional 
filamentous forms, nienSuring 100 /i or more to length It remams true that the 
modal 8110 of a bacterium is one of its dutioctive clamctcristics and baa the 
adisntage that it can be stated in numencal terms In each forms as the Adino 
myrts, which are norniftlly filamentous, it is to lie trsnsi erse diameter alone that 
we can asjign a modal %alue 

The Shapa of Bacterial Cells — t\e can recogmre three mam tj-pcs of bacterial 
re))— Ibc rocral or sphe««dsJ, the bafilhry or cyiindncal, and the spirihar 

The coccnl form w distinguished by the fact that nnj one axis of the bacteria! 
cell i« approximately e^ual to any other Man) forms approximite to true sphere*, 
althouch It is doubtful whether any liMog cell is truly 8phencal In many caocs 
the spherteal form i* widely departed from, and the indiiidDa! cells may be 
ellipsoidal or slow conical dLstortion«, flattenings or indentations, which gi\e the 
cells, when observed is iitm preparations shapes which ma) be hlcticd to a bean, 
or a lidney, or a lancet, ns the esse may be 

The bacillary form us distinguished by the fact (bat one axis of the cell is 
marhedli longer than either of the ©lhcr«, which are themsclrw approximately 
etjual Since it is custoniarj to eiaraiue bacteria in film preparatiotxs, and to 
desenbe them as though they were Iwo-diraensiona! bodies, it i3 usual to refer 
to tlic long axis and the trans\er<e axis, ignoring onj possible departure from 
the circular form in the cross section of the cjbnder The ratio between the 
length of these cylindrical cells and their transserse diameter maj vary over an 
enormous range , so that, while some may be almost coccal in appearance, others 
may be filamentoos, Certain modifications of the general cylindrical ehnpe are 
chamctoristic of jiarticulir bacterial groups The n\emgc ratio of the long axis 
to the tninsi-ersc diameter, that is, the tbionew or thickness of the cell, is one 
such character The ends of the bacillus often sliow modifications of form which 
are of differential iwlue Thej maj bo sqoaro-cut, rounded, or acutely pointed, 
or may form definite cluU Other irrcgulantica in contour, duo to the presence 
within the cell of structures which caiKc distortion of the cylindrical form hi!! be 
considered later 

The spirillar form is characterized by a bending or twisting of the cells, so that 
they assume ciined or spiral shapes. It has tecome customary to speak of a 
bacterium which shows a NOgIc curae, thus assuming the so-called comma 
shape, as a \ibno, and of a bartennin which shows a series of ciu^ea or twists, 
thus ORsuming a corkscrew form, as a spirillum Vibrios and spirilla are of 
"necessity relatiiely elongated cells, awl they nlways haie rounded or pointed 
ends 

The study of the finer details of bactwirf atroctare may be caiijcd out 
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dj&erent n'ajs Each of them is subject to tbe limitations imposed by tbe opti^ 
system employed 

SUined or unstained preparaboas may be examined under the mieroscope, n»m^ li-tt 
transmitted through a sub-stage eondenseroftheordmaiy type. The limit of reacdntioc.d. 
(that IS, the shortest distance hy which two fnitKlea most be separated U) order that they 
may gire distinct images) u determined by the ware-length of tbe light and tb* numene^ 
aperture of the ohjectire. It is giren by the Tormnla, 

\.A. 

where i = ware length of light used and = numencal aperture of objective. 

The possible range of il u obnoosly lumted to that part of the spectrum to which the 
human retina is sensitive and the numerMal a per ture u subject to the technical hmitaboos 
of tbe optical system employed. In practice, tbe highest N Jl. that can he employed with 
transmitted light u about 1 -4 and tht*, when used with tnonochromatie light with a wave- 
length of bl6 m;i, c on eepCBiding to the green merenrv line, pvea a reserving power of 
516 1 

X 5= 0 2/1 (approximatelv) 

Th» d^ree of resolution is obtained only under optimal conditions, and in ordinary practice 
tbe lumta of resolution are reached with particles that have a diameter of about 0-23 /i 
Merling Eisenberg (1937) has modified tbe fonsnla br intrcducins a factor measonni; 
the inteositv of lUnsumtion. Bv cuilablT reducing this intensitv a limit of les^otnm 
of ChOS /I u approached Coder onlioarr conditions, however, objects tsianrr than 0-23 fi, 
though seen m the a>n.<e of being vtiihV, do cot form unagea that reveal the teal sue 
or thape of tbe particle 

Another meth^ u that known as dail g ro un d iSommation. The bactena, or particles* 
are examined aostaiaed, and the light paiBing through tbe speoal suh-stace ctmdesser ts 
directed along a path such that only th^ rays that are refracted, difiacted, or scattered 
bv the ohj«ct under examinatioo reach tbe eve of the obamrr Bactana so examined 
appear as bn^t imagn oa a dark badgioaad. Hus tnetbed is vastly supetKir to the 
former as a means of examining Imng, unstained organisms, but it is subject to the same 
limitations in regard to resolution , and, cnee the highest at present avaSsUe for 
use with iUumuiation of thtf type is about I 27, the smaltest particb that can he resolved 
has a diameter of about O-So fi 

Tbe thud method, which has been developed paiticularlv bv Barnard {191*), 1925, 
1930}, extends the limits of resolution by decreasicg the ware-kngth of the light used. 
Using ultra violet light with a ware-Ien^ of 257 ta/t and an optical ev'^tein of quartz 
tenses, Barnard has been able to photograph and reserve particles with a diameter of 
(KI7o fi. Beyond this point a limi t ts again reached, doe to the lack of a refnetmg 
material that will transmit light of shifter sravr-length. The degree of internal structure 
that may be revealed in oerUin bacteria by ultra-violet photography, combined with dark 
ground illnpimation. is QIastrated in Hg 4, for which we are indebted to 3Ir Barnard. 

Tbe electron microscope devised bv Bmka (1934) and by 3Iartcm (1934) pauvides 
the fourth method of examination (see Martoo IMl) Tbe fart that an eketnm 
passing through a magnetic field behaves m a manner clos^y analogous to a beam of 
bght passing through a re&actu^ medium pomita the construction of a cucroeoope 
generally similar to an optical sucztecope, and ita description in the tenmnOogy of L^t 
optics. Tbe “ knsM ” are circular electro-mamets whose focus vanes as tls* strength 
of the apjdiod magnetic field , and the microscope has a “ condenser ” ccal, an “ obj‘“Ctive ” 
con and a ‘ projective ” coil, the last bemg equivalent to the eyepiece He “ wave- 
length IS a funcUcc of the speed of tbe efcetfons, and those used in electron raioosoopv 
are eqmvakni to a wave length aboul l/10Q,O00th that of visible li^t. BescJvmg powers 
comm«isurable with ibi, wave-length caimot he attained in pracbee, si&ee ' chromatic " 
aberration m the magnetic lens cannot be oca reeled, and ** sphencal ” aberration is over 
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& thousand times that of a glass lens With these restnctious, & theoretical tesolutior 
of 1 Om// IS possible, and m practice tesolations of 2 2 ta;(, eqmnlent to a raagmficsitic n 
of 180 000, have been attained Fear biidogic^ purposes magnifications of lOOOo t;i 
50,000 are employed Tlie different opacities m an object recorded on the photographii 
plate are due to the scattering of the clectnKi beams, not to the abaorption and refraction 
of light, as in the optica) microscope The intonaitp of tlie transmitted beam for a 
given electron speed, is roughly proportional to the thickness and density of the material 
esatnmed In a manner analogons with staining of optical microscopic ohjecta certain 
flwfenalf may to increased »n deasify fie electron scattering pouer) bviaijresr 
nation with salts of heavy metals {Mudd and Anderson 1942) The value of tins method 
is at present severely limited hi the neee^ity for completely dry specimens for esatama 
tioa, since the imcrtacopo works enlv in « high vacuum (For a renew of the recent 
achievcmenta of electron microscopy, *ee Mndd and Anderson li>44 ) 

The great majonty of the studies referred to m this section have, however, been earned 
out by tho direct observation of stained preparations, and have therefore been subject 
to the narrower optical limitations ronsidered above As against these limitations mast 
be set the advantage that, in 
preparations of this kmd, we can 
study theaffinity of different cell 
constituents for certain Special 
stains. In most, if not u all 
instances, staining has been pre 
ceded by some form of Elation, 

BO that the possibihtyof proto, 
idasmio changes doe to heat or 
other fixing agents, must be 
borne la mud 

The Kacle&r Appuatos ~ 

One of the most coatrover 
eifll qoestiOQS sa regard to the 
structoreo! the bacterial cell 
IS the pre«ence or absence of 
a nucleus, and its natnie if 
present 

It 13 impossible to discuss 
at all fully the many conflict 
iDg statements which have 
been made, and the evidence 
on which they have been based Mach of this evidence indeed is of little value 
since it has been obtained by faulty or madeciuate technique Those who desire 
fuller information on this subject may be referred to tbe papers of Dobell (19U), 
Gmlliermond (1907) and Holhndc (1954), and to the reviews of Knaysv {193S) ntid 
Lewis (1941) 

Ckrtam of the earlier norkera regaided bactena as cells possesamg no nuclei This 
nihilist new perhaps expressed the difficulty of demonatratmg bacterial nuclei by methods 
that depend upon the staining of ehroiniitin Qiromatia fcowever is not the essential 
hereditary material, and its absence does not m wiy case establish tbe absence of a nucleus 
Moreover as Lindegren (1933) points out, if the existence of some form of miclcaf appar 
atu3 w denied an explanation is required f«r the constancy of transmission of multiple 
hereditary characters in bactena, by a mecbaniam diffwent from that m most other h«ijg 
forms The hypothesis of some form of nuclear apparatus has at least the prior eJaun 
on our attention. 
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puii La puts I'JO'*) iryard*^ the whole laclona! crD u homcJ-ijiws 

with t ho cell nucleus of more hi^^l v devrjoped organism* Tbero is no suhrtaala! eTii3*n», 
apart from a similanti of ttaininj; rractioos, for identifiins the bacteml cell as tm eWt , 
and, CTWi if there were so the term nnejeos would be a misnomer, for, as Dolefl points 
out, a nucleus must b\ definition be diffmotiable from the cvtojisssi of the eelL 

Jleeer (1S97 1S9^ has been a prominent cxponwit of the new that bxeteaa 

contain wtll-dcfined nuclei and has bnw"ht together the avaflahle endenre in his booL 
on the bactma] cell (l^HS) 'lanv other ob«)mers have shared this new (Fwnhers 
1900 \aianishi 1901, EUis I'‘02-03, 1*>22. Cnmme SweDeogrebel 1*10(3 Amato 
1*109 Vay 19>D9 1910) but it is reasonably certain that the etructnrea oleerred diHcred 
in their nature so that the obsemUoss do not eonfinn one another The ohseryations 
of Mend (1*104, l*iOo 1**00 1910) and of Itayman and Kruis t*TO!i:lT suggested 
the presence of a differentiated nudeua in the bacteria they stndied Their eariicT obseara- 
ticms haye not been confirmed, according to GuOheTmoiid (•‘•OT) the rtmetares tL^ 
describe as nuclei were stages in the fonnation of Iransrerre septa. S‘ongfctcii (1929, 
193') found la a plant path o ge n , Bart tnalmaarun, a central na^n*-Lle body differ 
entiable from the cvtojdaaa by tntroex^m staining Tl» constancy of its oceunenee, 
position, and dieii^on donng ceO dinsion suggested a true nucleus. Guillinmcod (1*133) 
iiicntified the bod> as % yolntin granule (see below) In one case the elserration by 
Vejdoysh} (1*100 1901) of a nuclcns in an organna be nsined B fftmman, there is a 
con--ensus of opinion that a true nucleus hss been dcmonslrsted. but there is good reasen 
to beheye that the oiganism itself is a fungns. not a Lactenom. 

There remain seyenJ pcsubilities, of which we may mention three that the nodcar 
material u diffusely and onifcirmly acattmd throoeb the cytopbjsn, that rt is dispesed 
io cetlain chromatm ma«es in the ertoplann. and that there u in the cella separate tmcltwr 
appaiatns, perhaps consicting of one or mere throm'seora, not nrually rerealrd by 
ordinary etauung methods. 

The notion of the diffme nucleus has arisen partly to exjilua the aheesre of a d«sKra 
sfnhle discrete oudear body (Zettsow 1<1IS) and partly to aceoon* for the uccuiieuce 
of a tinifons colorstion of some bactena when treated by Fcnlgen ■ reagent. Fealren’a 
rcageot is used as a led for thrmoeudeic and A diffuse Feulgen reactica of Iwctena 
has leen noted by a number of o bsq l eie (see, for exam|le, pMtsehmana and Bippel 
1*132, ImWnecLi 1Q3C) Knay** (l'*3'>) doubts the rpeoficsly of tl* ryacticei, and pynts 
out that if nucleic acid is demraistratcd in ibis wsv, ri msy lo mciyly rewrv e mstena! m 
the ceQ haymg no necessan connection with a nudear apfRratus (ree also Schaede 
1939, Mirs£y 1943 Stedman and StedmaD 1943) As wy hare seen, Lwdegrea (l*t3o) 
objects to the conception of a diffuse nncleos on gnwtical grounds , it is necessary to 
assume the exirtenee of some form of discrete nuclear body which, by djyidmg into 
identical halyes, can ensure the genetical constancy of the daughter ceEs. The yiew 
that nucIeaT mateml is segmented ui certain chromatin ma»a m the cell has been deyeh^wd 
hySchandiiui(19()2)intbceaseofi7 buteAfii bvCuSlieTHiond(l**07)uitl^eafieofseycrsl 
cnltiyahle spcire-beanng badlli. and by Dobell (191)) in the case of bscilh parasitic in 
reptiles and fishes. 

Schaudmn described numerous smaO chromatin Che granules, which were eeatieed 
through the cytoplasm of B hvittAlu a large spore bearing bacillus. At the start 
of sporulation, the granules gather into an axully rtuated s|araL The emb of the 
spiral increase in sue at the espense of the chromatin graauks *nd develop into b«&o- 
geneous mases that stain dreply with nuclear stains. These masKS. as they derelop 
into sp or e s cease to take up the stain, and gmcrally appear as highly refiractile nastained 
bodies. Guillitnnond (1907) foundasimilar pictare in the spore beanug bacillus studied 
by Cells eight boors old were finely yacadated, and contained nomerons granules 

of chromatin. At spcaulation, hoTrerer no anal filament was feemed and a sinde deejJy 
stairur^ mass appeared at one pole of the cdOagiaduallr increasing m size Dobell (1911) 
observed scattes^ chromatin that was gathered into an anal filament befise spoculatioa 
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m eertam bicillu and a permanent axial qnral m other*, both of which he regarded m 
being nuclear in cliaracter In certain large mtcrocowi ho observed irell diflerentiated 
and homogeneous bodies « hich took op nodear slams, divided before cell division occurred, 
and bad the essentnl characters of nucki Henevtng ha own results and those of other 
investigators, Dobell concluded that bacteria are nucleatetl cells, in which the nuclear 
apparatus is hichly variable m form, appearing sometimes as scattered granules, some 
times as a spiral filament, and oceasionaBy as a differentiated nucleus similar to that m 
wHs of higher organisms Lewis (1932, 1934. l‘»40) doubts the reality of nuclear spiral 
filaments, believing rather that they represent fine strands of cytoplasm compressed bv 
an abundance of volutin granules or fat globules 

In recent j ears, the endenre for the evistence of a discrete nuclear apparatus m bacteria 
has been accuraulatmc HoUande (1934) (see also JTotlande and HoUande 1932) differ 
cntiatcd three structures in a number of baciUi, which he terms nucleoaome, pnranucleo 
some and melAnudeosome The paranudeosome i* cosmoplulic, and the metanucleosome 
which surrounds it, la basophilia ^ Both are closely associated with the nuelcosotne' 
which is a minute apbcncal granule staining blue tntli eosinate of methylene blue The 
nacI««ome divides by elongation, constriction of (ho central portion into a thread, and 
finally separation into two daoebfer rmcleosomes I^ter worhers confirm RoUande’s 
work to the extent of recogniring bodies usually referred to aa nucleoids, that take part 
m cell division DombrowsLy (1936) described two concentiations of protoplasm jn 
Bset coll, which appeared prior to dinsioa , the hoc of division occurred between them 
In young cells of another coliform bacillus Uosca (1937) found a cbromatmic substance 
developing into a distinct nudens ’ and noted the appcfiranoea resembling mitotic 
figures Stilla (1937) was able to demonstrate Feulgen reacting bodies in a large number 
of bacterial species after ther hid undergone gentle and hjaarclj-ws Young vegetstivo 
forms contained two bodies, thoush cells eontaiumg four bodies appeared pnor to ^vinoo 
Similar nuld hydrelixis reveals nucleoids in Bael cdi and i^olm panli/pfn B (Ptekanki 
1937} and in Pivleus (Neufflaon >941) Piekarski distinguished a pnmsTy form 

with two bodies and a secondary form, usually found in older cultures, with one only 
The bodies were Feulgen positive, and absorbed ultra I'lolet light ofa ware length known 
to be strongly adsorbed by thymonueJeic acid (PieVaraki 1D3S) Later it was found that 
all the bartena studied contained at least one nucleoid (Piekar^ki 1939, 1940, Biekarsk] 
and Ruska 1930a, 6} Is some eases the nucifoida were denionstrable in electron micro 
eraphs It msj be noted hero that the electron microyeope has so tar not revealed very 
much of ihenuelear stroctureof bactena(see forexample von Bornesetol 1938, Lembke 
and Ruska 1940, 31udd tf at 1942 Kaavai and Kudd 1943) If anj nuclear roatenai 
IS present, it must either be masked by other matter more opaque to the electron beam, 
or bare the same electron scaltcnug power as other cellular constituents 

Robinow (1942, 1944} has extended these studies of the nuclear apparatus revealed 
by prehmuiary acid treatment of the bacteria Robinows results not only confirm and 
extend those of StUle and Piekarski, but clarify the relation of the Feulgen positive 
(chromatmic) bodies to the growth of the bacteria In old bactena, the chromatinw 
bodies are small, and difficult to demoostrate , when the bactena are transfcrrecl to a 
fre"h nutnent medium, the bodies increase in sue and stam more deepiv usuallv having 
the form of short, dumbbell shaped rods Loogitndmal divisions of there rods precede 
the division of the eeS, (hough aereral d/r»«»w a»y laic pJree before the evidence of 
cellular division is evident by ordmaiy methoda of examination. Growing bacilh may 
therefore contain two or more paire of cbromatmio bodies (Rg 5) By special stammg 
methods these multmudeate bacilli appear to be banded, indicating the existence of 
multiple cell units within the emglo bacillra In the case of B vxfg'iltimum the composite 
nature of the cell can also be demonstrated by a pUamolysing treatment (ree p 23 below) 
The possibility that single baciflaiy rods may la fact be lanltiwUnlar must be borne in 
mind m the interpretation not only of morplM^i^ical studies on bacteria, but alrei of the 
phenomen.a of heredity that they display 
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The fact that aimilar acid treatment does pot destroy the ehrotaatmic 8 tra c t a rea la 
other types of ceU and that changes in Ibo bodies are closelr correlated enth fta*^ n 
the groirth of the cells, makes it laghlT onlikelT that the domhbdl bodies axe aitefarts. 
Pobmow condadea that the chromatime bodies are comparahle with the ehroaceomes 
of animal and plant cells It mar be noted that Beebe (1941) foand single central Feoljren 
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Pic 5 . — Chromatime bodies of l«ctena. aborac the TaxKKis ehapes UV« daring 
gnnrtb and dicistoi. 

A B 6 <o(t C. rnCcas rtJyme D B mcwa^crvnw (X 4660). 

(Fnis (jrco^l'bt kicdir *sn4M fcf t>r C T Estihira ) 

(■ceitive bodies in a mraococcas, «hichdindn] with the cell and which at times deTclopd 
a dumbbell shape 

The conception of the nuclear apparalos of bactena as granoks made op of one cr 
more chromosomes has been reVMTred by Lmdcgrra {I'Co) landegren himsdf (193oj 
desenlicd a dij 1 icoecTis whose nudens, TiaUe <m]y at certain stages m diruion, cocsirted 
of a stnele haploid chromoeomc with semi dmnnometes. Badian (1*^) obsercrd the 
Icmgitndinal diruion of a single rod Eke chTomosome in £ and Chance (193^) 
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a. mitosis Iilvc effect donng the dmsion of a badUoa resembling B mesmtencug Prior 
to aponilation, the chromosomes of Badian’e bacillua undenrent diyisjon, followed by 
fusion end to-end of tie resulting two chn»aosonies, and dinsion of the fused chromosome 
into four, only one of which was meorporated m the spore A simiLw senes of e-rents 
was obserred by Allen. Appleby and Wolf (1939) In a spore beanng baciUus The normal 
vegetative cell contained one haploid chromosome Two kinds of spore were formed, 
one haploid, the other diploid In the one case a phenomenon analogous with meioais 
occurred before spore formation, in the other after spore germination 

A nucleopTotein granule which persisted in all stages of growth, multiplication agein^' 
and starvation of the culture, and r^ich divided before cell division was found m a 
staphylococcus bvKnaj-si (1042) Tha granule did not correspond to any known cellular 
reserve matenal, and was apparently the nuclear apparatus 

Taking the evidence as a whole, rt appears that bactena have a nuclear apparatus 
which in many respects is analogous to that of the cells of fungi, plants and animals, 
though the survey of bactena by modem cytological methods is as yet too limited 
to permit more than a tentatii e conclosioii that the apparatus seen in a few bacteria 
wtU prove characteristic of bacteria in general 
Other latraceDuIar Grannies 


//ifrejcnous MaUnal — roftifin Granvies — In many species of bacteria there 
are found intracellular granules which possess a strong affinity for nuclear stains, 
and which are coloured a reddish purple with certain blue or violet stains, especially 
with polychrome toethylcne b'ue These granules were first described by Ernst 
(16$8, 18S9, 1902) and by Babes (1889, 1895), and are frequently referred to as 
the Babes'Emst granules They have also been named volotm granules, and 
fratn their peculiar staining properties, metachromatic granules These con 
stituents of the bacterial cell have, &om time to time, been credited with almost 
every conceivable fnaction There is now, however, very general agreement that 
they ate relatively inert in the cell Using a cytological term, they are meto 
plasmatic granules, particles of some sobstance concerned in cell metabolism 
Their number and sue vary according to the medium in which the bactenum 
15 grown, and according to the penod of growth That they fom no part of 
the nuclear apparatus is shown by the facts that they can be observed in yeasts 
and fungi, which possess well-differentiated nuclei and that they take no active 
part m cell division or sporulatton They contain a high proportion of nncleo 
protein, and to this they probably owe their affinity for nuclear stains 

The role which they play in the cbenustiy of the bacterial cell is at present 
unknown ; the suggestion of Slarx and Woitbe (1900) that the presence of these 
gramdes is correlated with the vwulcoce of the bactenum, has been completely 
disproved by the work of several sabsequent investigators (Ascoh 1901, pompecher 
1901 Gauss 1902, Fickei 1903 GuiUierroond Groh (1938) has recentlj 

assigned a reproductive role to the volotm granule^ of C diphlhena His findings 


still await confirmation 

Carlohi/drales-Gljcosea giaonles and rtaith granges occur m many species 
ot bsctena, and may be ideoUfied by ^ „ 

Pal, mi i. wide -rat glolmlea am fi«i«ent y fomd m bartenal «]],, a„d 
may be .tamed by the uaaal fat aoloMa dyea Othet bpo.dal or teaay aubilam*,, 
telmh may be ertraeted by the mio.1 aolaafta. a™ '»”d “ .,4 

are pathc^tly abimdaot ra Mtliiiji sp«i« '™eb aa 

te difleLt forma of granafar prodacta ■>' “'’f”'*™ ^ 

evaily aboodaal m ddlemot baatervd T«e.«a- I» «”'■ f-M 
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to be numerous and ol large sire m others, they ore scanty or absent Some 
species which seldom contain volutin granules frequently contain fat globule« 
In others the pre«encD of glycogen or starch is a characteristic feature The data 
available do not warrant us in saying that any one 
of the«e forms of granular material is the pecnliar 
property of certain species or is uniformly absent 
from others, but their relative abundance or scat- 
cit> maj lieastnking characteristic of a particular 
bacterial species 

For a good and concise account of these in 
tracellular granules see Zettnow (1918) 

Elodospotcs — The formation of intracellular 
spores by bacteria was first observed bv Cohn 
(1875), and first studied m detail b> Koch (1S7C) 
in the case of D ttnlhraets The fact that the 
eiistcnce of an endoeporc, and its significance in 
reproduction, had been clearly demonstrated in the 
cn<e of one of the first bactena to he identified 
as the cause of an imponant in/ectire disease, led 
many ob«crv«f3 to approach the study of new 
bactenai «pecies wuh a bias towards identifying 
any morphologically djUereotiated element within 
the bactenai cell as a spore, or its equivalent 
Much of the earlier literature i«, for this reason, 
full of mistaien aUuiions to spores or sporogenous 
— granules in various bactena We now know that 

/t the formation of endo«p©rcs is an important dis* 
tinguisbiog characteristic of certain bactenai groups 
The great majonty of sponog bactena which 
Ivtkve been adequately etudwd. atu munU'jotwis, 
that IS onlv one spore occurs m any one cell A 
few large forms which have been observed by 
otologists are di sporous 

The mode of formation of the spore has been 
hnefl^ referred to m discussing the nuclear appar- 
atus of the cell There is general agreement that it 
IS formed by a localized accumulation of chromatin, 
or of a chromatin like substance, which at first 
stains deeply with nuclear stains, but which later 
becomes surrounded by a «pore-waII or membrane, 
which IS imperviDus to stains in the alsence of 
special prelinunaTy treatment , so that the npe 
spore appears as an unstained, highly refractile 
body, spheroidal or ovoid m shape As regards the 
finer details of «pore-fonnation there is less agree- 
ment, and it would seem possible that the process differs, to some ertent in 
different bacterial sjiecies Many observers have de«cnbed the appearance, at 
the commencement of sporulatton, of a cleat vacuolar area, corresponding in 
"ize and shape to the qvace occupied by the rij>e spore, and the «ob«equent 
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accomaUtion, withm this area, of the noetcar riatenal of which th^ rpou n 
formed Mefcr and his supportert Ur great *tfe« pnthe appeararces teen dunrg 
fporuUtjon, ns evidence for the eii*teftce of ihFerentiated 08fl'‘j ThcHj* who 
La\e studieil the internal jtruetorc of bacterial eelU hare, for the mo‘t part, in 
eluded the process of s{*ore formation in their ob«ervation«. and the papers which 
have already been refcrre»l to eoniam ftdl diseowoM of this question 

TIjo iituntion of the spore within th« haetenal cell, wfc ch my be ternfca} 
subterminal, or approximaicls equatorial gives a d!»ttncti\e moTpholojrv to nanr 
bacterial species In addition the diameter of it* ripe spore is often frrater tl an 
that of the bscillus which coatttns »t , so that the cell M di«toft<rl and aceordini; 
to the position of the spore drum stick barrel " of oiher irreguUr form* 
may bo prc««nte<l (Fig f») 
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cytoplasm between the central (^loplasnuc core and the «pore membrane, and 
consjdera that this rather than the spore membrane itself is responsible for the 
refractihty commonly seen m unstained preparations of sporea. 

3Io«t of the aTaHable evidence indicates that the «pore is «implv a resting 
stage of the bacterial cell in which it is far more resistant to adver«e environ* 
mental conditions than it is in the ordinary vegetative form The spores of 
bacteria of the Bacillus gtonp ha\e a bound water content of the order of 60-10 
pet cent as comparcil with 3-21 per cent m the vegetative cell (Henrv and 
Fnedman 1937 Fnedman and Henry 1935) By spectrochemical analv*a5 
Curran Bnmstetter and 3Iyers (1913) found that the spore* contained snb«tantianv 
more Ca more Cu and Mn bnt less P and K than the vegetative cell They 
sugce«t that heat re«i<taiice u associated with thongh not nece&Atilv immediatelv 
dependent on high bound water and Ca content of the «pore The protoplasm 
of the «porc d ffera raatemllv from that of the vegetable cell l)Oth Howie and 
Crmck<hanL (1910) and Lamanna (1910) haie demonstrated the antigenic dis- 
«irai1anty of spore* and their parent vegetative forms («ec Chapter 8) 



Fia 9 — Tbe cell wall of D mtyalktrmm after pUsmntmi. ibovnj; transrene septa, 
both eotnplete asid incompSete (x 3,^0). 

(Froei ■ fOola^pb Uvlr caritas br nr C 7 

The resting spore retains its capacity to germinate for lon^ periods. Graham 
^mitb (1911) for example noted tbe survival for over «eventeen years of the drv 
spores of B cn/Xrons Irept in diffuse daylight at room temperature whDe Wilson 
and Shipp (1935) were able to grow sponng bacilli from preserved meats that 
had been sealed in containers for 114 yenra. 

There is Lttle evidence that spore-fornution is associated with anv sexual 
reproductive process Certain appearances which have been interpreted m thn> 
sense by Scfaaudmn (190^) and II&zi^La (1909) have been shown bv Dobell (1911) 
to have no «ucb significance 

However feom tbeir careful studies of the nuclear structure of a spore-beanns barillas 
(see above) Allen, Applebv and Wolf (1939) cooriuded that the spcHv was not a restmg 
sta"e but provided an opportnmtv few a re-arrangniiait of nuclear matenaL In this 
connection it u Doteworthv that Kaplan and Williams (1941) after expltwiog the cultural 
condit ons which induced spore fOTinaticui in Cl. sporey u es concluded that spore fcumation 
was a natural phenomenon in the devdopmenlal cycle of tbe organism K2iencb«rer 
(jerwtnal communication) has o b se r v ed in eereral spec es of cloetndia a procea m which 
the dumbbell ehromatimc bodies jaesent m filamentcus forms of the bactem jesn into 
axial Etructuivs tbe«e then divide into four ehrmiatui c bodies, one of which matures mto 
tbe nuclear body of the spore while the remaining three dismtt^rate Tbe process 
suggests a fonu of autc^mv and that the spore is more than a restu^ stage in tbe life 
history of tbe bacillus. 



Til} CFLL WALL ALU TJIF OTTOPlASiUO HEJI DUANE 27 

The Cell Wall and (he Cytoplasmic Membrane — There ecema to l>c general 
ngrwfnent (hit 1 ict» rul celin maj b<* dificrentuted «ith tur^itig degrees of dis 
tlnc^n(*^< «ito roms whuh hi\e liwn ^anoll‘>l^ called cell membrane and 
protojU'm ertnjlasm and emIoj*h-»m, and e\en cortex and medulla Until a 
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>11 10 — H*ctron Mwwgmile of llartfria. 

A Sir j'jw'fTf* utiotifiR the <wntmM»j of tb« «ll h» 11 aloug tJit lensUi (A Jbe 
cU(n (V SOOO'i) (Jfv'flanl /jutmim I Ul) 

11 It t'ffui « tl <■ junctinii ^ f t«o «-H« I HI >n y an Inn f Uirea I of eywi )«<m «D<i 
#n tmter, continu 'la cell «»M (x SinOOJ {/oAn«tm IJ-tl ) 

I from nsrrognjla llnlly tta 4 by I*r 81 n»rt BlaJa aod Di P D Johnson) 
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Fro 11 — EWtfon Mcrographt of Pneumococci 11 (ifiO) 

A and B ibomng th« capaute at a del cato I (>ht halo tDil contiou tf of protuplaam 
in between the two cocci m t ani of cell wall n B (d/u/fdclal iniSo } 

C ahowin^ the capsule aa a demarcated halo (JfudJ r< al^ I'MSi ) 

(froia uitcKii?nT4>* Uodly »ant«4 tiy Dr 

few years ago there was Bonie doul t whether a definite external membrane limited 
the ectoplasm (Legrous 192o Legronx and “Margrou lO'^O) The microdissection 
of bacteria performed by Wamo«cher (1930) saggested a definite elastic outer 
layer distinct from the inner material of the bacterium 

Fischer (1894) studied the effect of hy| ertonic salt solutions on bacteria The 
cell contents were observed to shrinh Iea\ing what appeared to I e a ngid cell 
wall of the same shape as the bacteml cell before treatment These plasmoljdic 
expenments have since been repeateil by many obseri ers («ec for example Knaysi 
1930) but their significance as evidence for a definite limiting membrane m the 
bacterial ectoplasm Las been ob-scured by the possible artificial nature of the 
structures produced The differences of opinion (Legrouv 192a Legronx and 
ilargrou 19'’0) are to a large extent re«oI\ed by results of recent demonstrations 
by a arious mdepen lent techniques of a definite cell wall 

The changes in the cell wall daring the dnision of bacilli have Iveen studied 
m detail by Knaysi (1941) Prior to the division of an elongated mother ceU 
into two daughter cell* he observed first a breah m the cytopla«nuc membrane 
and a centripetal movement of the cytoplasm \t the bne of demarcation between 
the cjdoplasmic ma««es of the two daughter cells a doulle intercellubr plate 
was deposited which formed the two a Ijacent end walls of tl c completed daughter 
cell In a yeast the de[»osition of tie two nails] rece<letl tl e cytojla-imic division 
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According to Kiiaj si, tLc frequently reported con«tnctJoii of tlic cell wall pnor 
(0 dn i^oii IS nn optical illusion, depending ou a constriction of tlie cytoplasm 
The double cell wall is u ell shown m the electron micrograph of B anthraas made 
by Mudd and ethers (1941) 

Kobinow (1944) also obtained evidence that the transverse divisions of the 
cytopla«m of dividing bacill iry cells are laid down before the bacilli divide m the 
accepted sense of the term In some of his preparations (Fjg 9) the transverse 
walls between daughter cells appear to be growing inwards as annular diaphragms 
along the plane of the cytoplasmic cell honndaiy (personal communication) 

Electron micrographs show a cell wall that retains its form even after the 
cells have been fractured and their contents dispersed, by ultrasonic vibratioa 
(Mudd tl al 1341) A rigid cell wall extending along the length of chams of cocci, 
and connecting adjacent cells in chains of bacilli, was observed by similar means 
(F)gs, 10a, B, 11b) (Mudd and Lackman 1941 , see also Fnihbrodfc and Raska 
1940, Mudd (t al 1942, Johnson el «l 1943) 

The surface of the inner protoplasm taices up stain with greater a\ndity than 
the cell wall or the inner protoplasm itself This, according to Knaysi (1938), 
13 the cytoplasmic membrane, made op chieQy of surface active matenils, bpoids 
and lipoproteins, which nm«t be clearly distingmshid from the rigid semiperineable 
cell wall 

Capsules — ^Many species of bacteria, such as the pneumococcus, the pneumo- 
bacillus and the anthrax bacillus, are characterized by the ability to develop a 
well marked capsule, which may be observable in etained or unstained preparations 
08 a clear zone surroucdiog the bacteria] cell or may after suitable fijung and 
mordanting, be stained by various methods The degree to which the capsule 
19 developed is largely determined by the environmental conditions Thus, the 
pathogenic capsulated bacteria show their ffloxima] capsule formation when grow 
mg in the animal ti'isues (Babes 1895, Graber and Futaku 1907, Preiss 1907, Bad 
1908, Sauerbeck 1909 a, 6, Eisenfaerg 1903, 1908, 1909) When such bacteria 
are grown in artificfal cultare there is usasUy a h/gi correJstioa battreea the degree 
of capsulation and the content of the medium in unaltered, or slightly altered, 
ammal protein 

It is possible that the response to a medium coatainiug amnsal protein is a 
reaction to an unfavourable environinent For instance the pnouinobaciUus 
forms capsules m artificial culture when the phase of maximum prohferatiou has 
cea«ed (Hoogerheide 1938) On the other hand, the capsules of a strain of SJr 
vnooenes developed only durincits active growth phase in a serum enriched medium 
/Monson 194y 

The capsule is usually regarded as bemg formed by a thickeniog and alteration 
in consistency of the outer layer of the bacterial cell It was however held 
(Mejet 1912, Zettnow 1918) that the capsular substance was an active secretion 
Certain bacteria secrete a nmcilaginons mstenal in which Urge numbers of neigh 
bouiiDg cells are embedded , and some oigamsins, such as the Type III pneumo 
coccus form this extracellular imicilaginoos material m addition to possessing 
a uell marked capsule (Fig II) It seems, however, more convenient to differ 
entiate between the capsulated and the so called mucoid ” types of bacteria 
(sec Etmger Tulczynska 1933), and the fact that capsular material may freqnently 
become separated from the cell can hardfy be taken as a proof that it is a secretion 
m the ordinary sense of that term But Ae sharp dehnutation of the opaque, 
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ngid cell membrane from tie space presumiWy occupied by the cap.sale in electron 
micrograph* and the low den^itr to tl e electron beam of the capsnles themselves 
(Fruhbrodt and Ru«ka 1910 Mull Heinmctsand Vndcr'on 1913) ton'cther with 
the known delimitation of the cytoplflcmic membrine inside the cel! wall suggest 
that the hypothesis of a secreted capsule is the more likelr to be valid AVe 
may note that we have within recent vears acquired n con«iderab!e knowledge 
of the chemical constitution of bactenal cap«ule<. The capsules of the different 
types of pneumococci are for instance composed of complex poly-acchandes (see 
p 279) while the capsule of the anthrax bacillus appears to be composed of a 
polypeptide material (<ee p 231) 

\Vhcther the capacity to form a capsule is really confined to those species 
that are tvpicallj capsulated is very 
doubtful Many observers have 
described capsule formation by nor 
mally Don-capsnlated forms under 
particular environmental conditions 
and mucoid v anants of normally non 
mucoid species are of relatively com 
mon tKcurrence (sec Chapter 9) 
Tl e absence of a detectable capsule 
does not exclule the exutence of 
thin capsules distinct from tie cell 
wall For example m a cocco- 
i>3CilIas ns siiu}]] as Dr vthfensis 
tie hpojkoIysaccLaride material com 
pnsiDg 10 pet cent of the whole 
Itacillas if conSned exclusively to 
an external covering would form a 
layer less tban 20 m^i tlick (Mile^ 
an I Pine 1939) 

Flagella, — A large number of 
bactena including a few coccal forms, many baciUi and most known spirilla and 
vibnos are more or less actively motile by means of fiagella The«e ^gella are 
long thread like processes arranged in vanous ways on the bactenal cell They 
vary greatly m length but are often longer tban the organism to which they are 
attached Thev are extremely -slender (Fig 14 a) recent measurements of the 
flagella of Proteus t*u/^ris and Salm faralyphi C under the electron microscope 
indicate a thickness of 20 to 50 wi// at anv tote of the electron-opaque part of 
the structure (Piekari>ki and Rnska 1939) Flagella were first effectively demon 
Btrated by Loeffler (18‘X)) 

According to the observations cf Trenkmann (1890) Ellis (1902-03) Fnhrmann 
(1910) and 3Ieyer (1912) the central portion of the flagellar thread passes through 
the cell membrane and is in direct connection with the cytoplasm, and Ftthnnann 
believes that the pronmal extremity is connected with a granule of chromatin, 
■which would then be analogous to the blepharoplast of protoioan flagellates 
This conclusion is adversely criticized by Zettnow (191**) liVhether the optical 
methods at present available allow any decision on such points as these seems 
doubtful 

The arrangement of the flagella on the bactenal cell may take one of four fonns. 



\ 


FlC I **— rnltrt 
Slamwl to vboik fliigwtU (X I 



fLAOtlLA 


SI 

TJicre may be n »inplc flagellum at one pole, trbca the aftangement is called mono- 
tncbate TIctc may be a single flagrUum at each pole ibe aropbitnchatc con 
dttron There may be a bunch of flagcUa at one pole or more rarclc at each, aa 
arrangement knlmj aa lophotncbat* The flagella may be arranged indu«cnmm 
otcl) o\er the bactenal cell when they are referred to as pcntncJlste (see Fig 12) 
The celts of any one flagellated rpeciwi are cbaractcnted by one, and one only, 
of these p<n«ible arrangementa (see Fig 13} 




Fio IS.— leij^rstn iJi>*tmicc CifrQk 

a. >1 'Dotrvlatr i Awj'WtrVfcaV « sivl J l/rb«Sn'Lsie t 

IVntnchous facelUuon is re^rardM t v I letjs t« ann (t'lj ij ,lu,. , ewxor. 

rej re of s»} jviUr flsselU on a rkam of ordimlesl ce'lv \\e hase ocrevJre* «<rn 
tits ^ ! eiioriirnon in the ineottigWelj lm«led ( rm« of 

oJTratmnv* lui «.ine es«Te^imBU »Hon cells base so riarv j»Titrv-lous {!j-.|.)t4 
that It atuH 1 -* *1 !inl f« powtobte ihrtr niiill*rr’'jbr tner^Jr lo avovl 

tie aK'Unption of {■•ntnehous flapeUtMft. 

JleoefjtJc \Sri (ISV ) ••vl Pijper (l*^) baTO dc.cril-'l tie ji, 

ttph it taoillus a« r«>n*:*’j"j: < f :*o c« eal eptnl turv-s vt ep »t an a^-b. 
at til* wle <f the K.b (fig III) I'ljpcr f nM t*at t«/. t»o »tvi 
fuse*! t^io one j roj^’ "g lad o^aw n w g lari^ j (B 13 ji, 

He regard* the two oo*'f r.-'a*t a* of flape ’* a* p.'r'rufy *fy| v»'oe,<lAfy •'rsrt.jrs 
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In (lead lucillj tlie primary stmctur« dL<«pcr«e into fine threads which he regards 
as post mortem artefact* not as pentnchons flagelh which m hfe form a functional 
unit It IS howe\er legitimate to regard the pentnchons flagellum as the pnmarr 
structure for there arc analogous ca«es of functional unitr of structures that are 
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Fig It — B»rt«nal FbgeEi. 

A. Flpftmn Ducrognph of C7 t<tani cbowmg protoplasm, wall and Sscella (X £2.000] 
B and C Dark ground pbotcmicrograplis of bring Sotm typii (x 

(FfWD pboto^rhs klodlr fun^M bj Dr Stoart UadJ mad b JL XSjfcrd 

made up of morphologically separate flagella The Tindnlating membrane of 
certam ciliate mfusona for ULtance consists of a fine row of calia which can dnnng 
hfe be separated hr mechamcal means mto single ciha all monug in an unco- 
oidmated manner (Maier 190S Chambers and Dawson 1920) 
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Tlie nature of flagella and the modes of generating and transmitting, to them the 
energy required for their propnbne effect is laigelt uninown Under fired cultural 
conditions the speed of a flagellated l>ac(mr^a » considetahle and to a certa n extent 
charactenstio of the strain observed The highest speeds are recorded for the cholera 
Tibno, a monotnebate organism vrhndi may tntrel more than 80 [i per second (see Sanarelli 
1910 O^uh 1936) 

Though flagella are usually confined to vibrios and bacilb several ob^iervcrs have 
described motile cocci (Schiebbch 1930 KoblmuBer 1935 Poiraall 1935 Levenson 1938) 
Under the electron mietoseope fl^geIla like structures have been seen in spiroch'etes of 
tbe genus Triponema (Aforton and Anderaoa J942) 

Tie results that hate been obtained in tie detailed study of antigenic structure 
(see Chapter 8) liat*e shown that the flagellar substance or at least that portion 
of it which forms the flagellar surface, is chemically distinct from the substances 
forming the cell body 

Zavolation Forms — In old cultures of many bactena forms may be found 
which are quite onhlue those seen m yonng and actively growing cultures Some 
of these forma are very typical of the bactenal species m which they occur as is 
the case with the so-called involution (oims of the plague bacillus and of some 
other species of Pasteur^la, and the giant forms which occur in cultures of the 
meningococcus The existence of these and other ahnorroal forms has long been 
recognised and they hare bees regarded as due to involution or degeneration 
following the ageing of the culture and the consequent unfavoarable enviionmental 
eonditiOQs This new as to their nature has been generally adopted becouse of 
the undoubted fact that under the conditions m which they usually occur the 
majority of the organisms are non viable while the extensive study of young 
actively growing cultures has m general shown no more striking departoxe from 
the normal form than the occurrence of unusnaUy large cells, or occasioDally is 
the tod forms of very long almost fltamentous cells due apparently to delay in 
cell division 

Beprodaction — Although a descnption of the method of reproduction in 
bacteria may be regarded as belonging more correctly to a discussion of their 
physiology than of their morphology yet the question is so closely bound up 
with differences in form of the cells and of the cell aggregates which result from 
successive division that there are many advantages in considering the question 
m the present chapter 

There is no doubt at all that the method of multiplication of bactena under 
optimal conditions of cultivation in the laboratory, is by simple binary fission 
each cell dividing into two daughter cells by constriction with or without a well 
malted prebminary septation 

In the spheroidal forms division may occur m any diameter la the ovoid or 
cybndncal forms division always ocenrs in the transverse diameter It is never 
longitudinal 

In certain genera of baefcm such as ttie Aa nomyces the fonoatioa of blanching 
filameata is a normal phase of growth ood moItiplicatioiL In a few haciUary species 
and notably m C and iljto tahernilosis rudimentary branchmg has frequently 

been desonbed and its occurrence m artirdy growing eelJs observed under the nucroscope 
( tmi 1902) In most bacillary species such rndn&entary branching ts rate and is seldom 
observed in the examination of ordinary stained preparabons. Hort (IS)I"a 4) and 
Gardner (1925) have however noted tbo occnBcnte rf Y forms in acbvely growmg micro 
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ecopic cultarea of orgiuiiann of the coli tjphoid groop, an(< hare observed innltjplicatK>D 
bj elongaUoQ &nd Bssion from aQ three pomta of the Y (See also Wjckoff 10^ ) Whether 
the occurrence of these forms has ao^ special agcihcaoce ts a questros that the future must 
dete rmin e 

Spore formation, which has been described above, is confined to certam speaes 
of bactena. The spore constitutes a special resting and resistant phase of the 
bactenal cell , its formation appears to be determined in large part by environ 
mental factors there is bttle ground for regarding it as an integral part of any 
periodic or essential life-cycle (but see p 26) 

A question still at issne is the occniience of other forms of reproduction, and 
in particular of the existence or coa-enstence of a complex hfe-cycle, in which 
sexual processes may or may not play a part It is not possible to discnss this 
problem at all fnlly It must, however, be noted that there are those who beEeve 
that such a 1 fe-cycle is a natural charactensbc of all bactenal specie^, and that 
multiplication by binary fission, which appears to be the only mode of reproduction 
m young, actively growing cultures, is only one phase of the cycle, which we encour 
age by the particnlar artificial conditions under which we choose to study bactenal 
cells, 

Jones (1813, I91t, 1920) de«cribed reprodoctioa by gomdia-like bodies In the case of 
Azoiobaeter Tbeae observations were greativ extended by Lohna and Smith (1016) who 
desaibed a &r more eompkx Lfe-cycle m this, and in «^er. speaes, and applied tbeir 
resolta to the reproduction of bactena la general (Lobna 1921) Stoughton (19?), 1932) 
in deecxibisg the moipholoj^ and cytology of Baei. malnaanim, an organism prodaciog 
angular Icaf-epot m the cotton plant, records the formation, by bnddmg from the bodllary 
form, of coevus-Lhe bodiee that nbeequeotly develop into tlto the fhson of 

bacQIary cells with the formation of r y g oepo i ea. 

Alaqoist described vanoos forma of reprodnclive bodies, suinly minute gooulial 
atnictcres, m a wide range of tacterm (Almqnist 1693-1934, Almqnist and Korsen 1918, 
Kotaen 1918) It may be noted that there was a general tesdenry for these appeannees 
to observed id old cultures, and eomeUmes in cultum which bad been allowed to undergo 
a marLed degree of dmeg Eowerer, Alien, Applcbv and Wolf (1939) observed the 
relatively early liberation of intracellalar gramifcs from growing vegetative cells of Ihsir 
baaSns. A Lttle later, mmntc rods were found m the culture, wiudi appeared to have 
originated in the grannie, and which later developed into the modal form of the bacillus. 
Mellon (1917 26] has described a variety of foncs which he regards as stages in the com 
plex life-cvele of vanons bactenal epeews Eo^rkm (1935) npbolds a tamflar thesm 
Knhn (1929 1930} has described a remarkable senes of morphological forms m common 
organisms some of which are interpreted as evidence of a life-cycle, others of which — 
the so-called Pettenhofer bodies — are regarded as intraceDular parasites. Hadky (1937 , 
sec also Hadlev, Delves and ELmek 1931) in a detaOed renew, which should be coosnlted 
by those who desire fnrthcr info'matioR on this subject, sets ont the available data with 
regard to the occurrence and possible significance of these various forms, and seeks to 
relate them to the phenomenon of bactenal disoaaticai, which we shall discuss in a sub- 
sequent chapter A shorter discnsion of the possible modes of bactenal leprodsctioQ 
will be found in papers by Beigstrand 1921, 1923) 

It IS, we think, impossible on the endence at present avmkble to come to any 
conclusion on the general problem at issue That a cycle of morphological changes 
may characterize life history of a particular bactenal species under natural con 
ditions there can be no doubt The detailed studies of Bewley and Hutchinson 
(1920) and of Thornton and Gangulee (1926) on Rhizobtum fi^vminosanizn provide 
a case in point, though their conclusions have been questioned by Lewis (1938) 
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In regard to bacteria in genera], there vt dead/ no justification for ignoring such 
observations as those recorded above, but the thesis, that the bacterial forms 
vnth -which we are most fanuharin arhfiraal coltnres are on]/ stages in some more 
complex cvcle of development, has not m our view been clearl/ and definite!/ 
established All bacteriologists are familiar with* the so-called “ involution forms ’’ 
to which we have already lefened , and there is httle doubt that man/ of these 
forms represent dead or dying cells It may well be that we have been too ready 
to refer to this category every abnormal form encountered , and fe-w would deny 
that some of the appearances that are met with are strongly suggestive of some 
mote complex form than the fiixa;de bacillus The problem is, however, beset 
-witb technical difficoltica arising from the small size of the organisms concerned 
The crucial test must remain the actual observation of the reproduction of typical 
bacterial cells from the granules, spheres, or syncytial masses which have been 
described as stages m the complete bfe-cycle , and the unequivocal demonstration 
of this i^cbcal development demands the isolation of aingle cells, not onl/ at the 
commencement of the cycle, but at each snccessive stage No harm will be done 
by maintaining a severely critical attitude at the present stage of the controversy, 
BO long as each new piece of evidence is considered on its merits 

In this connection, the wort of Klieoeberger and of Dienes may be noted Kliene 
borger (1935) describes a minate pleuropneumonia like organism m aymbiosis with Streplo 
baeiUtis moniit/ormu, and eoosiden that many of the morphological peculiarities ^at 
are commonly regarded as characteristic of the ^cdlus are, is rrabty, due to the pre<cnce 
of the svmbiont She suggests that aome, at least, of the pleomorphic clemeau in bacterial 
cultures that have bees desenhed as belonging to a sexual or developmental cycle may 
have & simdnf ongin This view haa been developed m subsequent pubhcations (we 
CSiaptez 40) Dienes (1942), on the other band, bebevea that the pleuropneumonia like 
otgatusms aro part of a life cycle not only to the streptohaciUos, but in other bactenal 
species Ke has succeeded in inducing their appearance m colturee of Bact edi Httmo 
pJiSus influenza, Thvohad(num, the goaococemKoiF fundultformu (see aLo Kheneberger 
1942} Dienes (1943} and Smith (1942, 1943. 1944), have ohwnW m SlrtplobaeiVta 
munilifomu and F fundulifomns the formation from the bacterial cell of * Luge bodies ' 
which may either segment and give nse to bacterial forms, or develop into colonies of 
pleoropneumania like orgstusms , and state that the large bodies appeared in some 
cases to arise from the conjugation of two bacterial cells 

We do not propose to enter into the vexed ccnjlroversy over the existence of filtrable 
forma of bactena The whole crux of the question seems to ns to lie in tho definition of 
the term filtrable,” and in tho properties of the filter passing bodies Bactena of the 
aame speaes are known to -vary greatly in sue under different envuonmental conditions 
and at different stages of growth. That certain forena may be small enough to pass through 
OUT relatively crude earthenware filters is hardly to be doubted, but whether these forma 
differ in any of their essentia] properties from huger members of the eame species, and 
in particular whether they constituto soino essential stage in the reproductive cycle nf the 
organism, is still undecided. In out o^nion the evidence that has so far been produced 
dora not snggest that they are differentiated in any important respect other than sire, 
and probably differentiation is of a omitaraous rather than a discontinuous type. 

The Formation ol Cell Aggregates — VHien a bacterial cell divides the two 
daughter cells may at once part company, or they may remain attached to one 
another by their cell membranes When this incomplete separation persists 
during many successive cell dinsiona, cell aggregates are produced, the form of 
which will depend npon the planes m vrhich successive divisions take place, and 
upon the naiaber of cell-dinsions wbidi occur before the cell aggregate begins to 
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separate The aggregates which are formed in this way are often highly char 
actenstic and constitnte an important factor in the identification of boctenal 
species In the spheroidal fonns division may ocenr in any plane while in the 
cylindrical forms it always occurs in the transverse diameter \s a result the cocci 
may and do show a greater variety of groopings than the bacillary or spiral 
forms 

When the successive divisions in a cocca] bactennm occur in such a way that 
the daughter cells remain united in pairs for a short period bet the<e pairs separate 
before a farther division occurs the organism in question is desenbed as a diplo- 
cocens 'When several snccessive divisions occni before separation of the resulting 
aggregate and these divisions follow no ordered sequence a* regards the planes 
in which they take place irregular gronps of cocci re«nlt which have been com 
pared to bunches of grapes. Organisms which form this typo of cell aggregate 
are known as staphylococci and this term is used as a genene name When such 
a senes of divuions without separation occurs in planes parallel to one another, 
the aggregates so formed have the appearance of a ^ain or chaplet, and organisms 
which behave in this way are known as streptococci and are nsually classed in 
a angle genus In some species the cells remain attached while two divisions 
occur the second at right angles to the The renting aggregate is a group 
of four COCCI such an organism is sometimes referred to as a telrscoccus. In 
some species the typical cell gronping is produced by three divisions, the plane 
of each being at right angles to the other two In this way cubes or pa^ets 
each of eight cocci are proceed The species which form groupings of this type 
are classed in the genus Sarctna 

Among the cyiindnca! forms the only possible departure from the sicgle-ceU 
formation is the adherence of two or more cells in pain or chains Such groupings 
may be referred to as diplobacilli or streptobaciUi but thev are not s^aently 
constant in a particular bacterial species to be used for purposes of cUssiScation. 
They occur however far more often m some species than in others and their 
relative frequency may be an important •pecific character 

Apart from the formation of such muted cell aggregates the way m which a 
cell divides influences the grouping of the daughter cells. In certain bacillary 
forms such as thediphthena bacillus, division appears to occur asymmetncallv, in 
the «en5e that the daughter cells remam attached at one side of the cylinder after 
division has proceeded across the whole width of the organi-m from the opposite 
8 de In the early stages of the subsequent growth of the daughter cells this 
local attachment seems to act as a binge abont which the elonpUng cells swing 
so that they come to he at varying angles to one another dependmg on the penod 
which clap'cs belore division becomes complete The groupmgs «o formed, which 
have been compared to Chinese letters or to cuneiform characters, are very char 
actenstic of certain species 

Colonj Formaboa. — When bacteria arc grown on sobd media and care u taken 
to avoid too heavy an inoculation the individual cells multiply and form uolatcd 
colonies The appearance of these colonies is in many cases, highly charactenst c 
of the group or giecies to which a given bactennm belongs We know httle of the 
internal structure of bacterial colonies but that little suggests that the structural 
differentiation u considerable (Legronx and Margron 19'’0 Ravich Birger and 
Snnkma 195 ) and it is po^ble that much light may be thrown on bactenal 
morphology by further «tudy along these Imes. 
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Two colonial charactenstics may lie noted here Certaza motile bacilli swarm 
m continuous films of growth on the surfiice of eohd media, a property winch is 
displayed characteristically by members of the Prdeus and Ch^/ruhvm groups 
(sec Chapters 27 and 36) Other motile bacilli, notablj among aerobic and anaerobic 
spotmg bacilli, form rounded colonies lo which the constituent bacilli are moving 
m a clockwise or anticlockwise direction, imparting a rotating motion to the w hole 
colony As a result of the rotahOJi, the txAony wanders over the surface of the 
solid medium, usually leaving a track in the form of a double line of bacilli, nppar 
ently thrown off from the sides of the advancing colony (sec Muto 19CV1 Roberts 
1935, Smith and Clark 1933, RussMuozer 1933, Shinn 1938, Turner and Eahs 
1941, Fuller and Norman 1943} 

The character of the colonies produced by & given bacterial species is of great 
importance m identification, and is, for this purpose, best considered in conjunction 
with other growth characters, such as the appearances noted m cultures m bquid 
media, or in the eo-called stab cultures, m which inoculation is made by thrusting 
a platinum wire axially into a column of eobd medium, sneh as agar or gelatin 
Further description of colony stmeture is therefore deferred to Chapter 13 

Stammg Reactions — The stainiog reactions of bacteria, and particularly their 
response to certain differential stains, might well be regarded as more in the nature of 
znicrocbemical teats, than methods of deioosstratiag structure It would, there 
fore, be more logical to consider staining reactions m connection with the physiology 
of the cell than with its morphology, but the way is which a given bacterium 
reacts to special stains constitutes such an important part of the general picture 
which we form of it, that it is convement to deal with this matter in the present 
chapter 

Reactions to General Bacterial Stama -^Quite apart from the presence of the 
metachromatic granules, or of other granular material, different bacterial cells 
may differ in the way in which they take up stains In some cases the nhole 
cell may be uniformly coloured In come cylindrical forms the ends of the bacillus 
may be deeply stained, while the central portion may be almost colourless This 
constitutes the so called polar staining, which is very characteristic of the plague 
bacillus, and is found in many other bacterial species Sometimes the cell may 
stain unevenly throughout its length, so that barred or beaded fernis may occur, 
a feature which is very characteristic of the diphtiiena bacillus and many allied 
organisms, and which occurs to a less marked extent with many acid fast bacilb 
In some cases, in which barred or beaded forms ore found, these conditions are 
associated with the presence of metachromatic granules, but these granules are 
not the essential cause of such irregulanties in staining It seems dear that, in 
such forms, there is an unequal distnbution throughout the cell of those con 
stituents of the cytoplasm wluch take up the stain employed, and it has frequently 
been suggested that they ate indicotive of plasmolytic changes It seems doubtful 
whetber plasmolysis can be invoked os a general explanation of this phenomenon, 
though It 13 true that there is a general tendency for the freqtzency of granular 
and barred forms to increase with the age of the culture, and to be notablj scanty 
in very young cultures They arc, however, ao plentiful in young and actively 
growing cultures of certain species that it seema impossible to regard them as 
resulting entirely from degenerative changes 

The DifletenUal Stidning of Bacterial Specie* —In the application of numerous 
stains, mordants, and differential decolonziog reagents to the study of bacteria. 
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the empirical discovery has been made that certain staining reactions are highly 
charactenstic of certain groups of bacteria Two such staining reactions are 
especially important in this respect 

The Oram Stain ■ — Gram (1884) descnteJ a etaming method which baa been of tie 
greatest semeo in differentiating bacterial groupa, and which has been extensively studied, 
and frequently modified, by sul^equcnt worLeis This reaction depends on the fact that, 
when certain bacteria are stained with certam aniline dyes, snch as gentian violet, methyl- 
violet and others, and are subsequently treated with a solution of iodine m potassium iodide, 
amordantmg action occurs which prevents the subsequent decolonzation of the bactCTa on 
treatment with alcohol Other bacteria, afrer similar treatment, are readily decolorized 
This difference between the retention of the stam by Gram positive bacteria and its loss 
by Gram negative forms is correlated with certain other characters. Thns (Kruse 1910) 
Gram n^ative organisms are more susceptible to solution m alkalies, or to digestion by 
enzymes, than are Gram positive organisms , they are also more susceptible to Ijais by 
an immune serum m the presence of complement. According to Steam and Steam (1930), 
they are more resistant to the lethal action of oxidizing and perhaps of reducing, agents. 
Bruday (1903) and Eisenbcrg (1909) would asenbo the difference between Gram positire- 
nesa and Gram negativeneas to a difference m the pcnseabihty of the cell membrane ; 
wbQe Sander (1935), who has been able to render Cram pceilive bacteria Gram negative 
by treatment with a variety of reagents and to demonstrate that this change is reveieible, 
regards the determining factor as the state of dispersion of the bacterial protoplssm. 
Some observen, on the other hand, and notably Peussen (1918), incline towards a more 
purely cbenueal theory, and Steam and Steam (19^) regard differences m intracellular pH 
as the determining factor 

Recently Henry and Stacev (1913) b> extrartion with bile salt, succeeded in removmg 
from Gram positive organisms a substance they identify as magnesium ribosueleate, and 
m thereby tendering the organisms Gram negative If the organisms are protected from 
oxidation, the nbcnnclcste will recombine and tbe Gram-staining propertv be testored. 
Gram negative organisms do not yield tbe salt and do not combine with it to become 
Gram positive llie Gram positive matcnal appears to be a bigb molecular complex 
of a reduced basic protein and magnesium nbonodeate It was noted too that removal 
of the ribonncleate fanhtated observation of stained xrocleai bodies, a fact wbidi supports 
Knaysi’s contention that the Gram staining material is concentrated at the cytoplasmic 
membrane The difference betneen Gram po*itiTe and Gram negative organisms is 
particularly endent in their snscepUbSity to vanons groupa of antibacterial agents, both 
inorganic and organic (see Chapter 6), a^ It is probable that investigation of these bio- 
chemical differences will lead to a more precise elacidation of a staming reaction first 
introduced on an entirely empinral basis 

In employing Gram s method it must always be remembered that the differentiabon 
IS not absolutely sharp and specific as regards a given bactenum at all stages of its growth, 
or os regards all bacterial species. Those organisms which are completely Gram negative 
never retain the stam, but those organisms which are Gram positive frequently fad to 
retain the stam when preparations are made from old cultures This is indeed easy to 
understand, smee such cultures consist largely of dead, dying or degenerate cells, whose 
physiod and chemical properties must be greatly altered. Certain bacterial species show 
reactions to this method of staimng whudi are of an intermediate type, with tbe result 
that they are extremely sensitive to small changes m technique, sometimes appearing to 
be Gram positive and at others Gram negative Due allowance must be made for all these 
pomts m determining the reaction of ai^ given species. 

Aetd faetnesa — The fact that certam bacteria, after being stamed witb warm solutions 
of fuchsm, resist the decolormng action of strong mineral acids was observed by Eihrhch 
(1882) and confinned by Ziehl (1883. 1SS3) who modified the technique of stauimg This 
reaction IS highly charactenstic of the tnberde bacillus, andofsnalh^ group of organisms 
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^bich ftte collectively kncram as the acid fest baciUi It is of mtereat to note that these 
baeflh are pecuLatly mlstant to tho action of socli solventa as strong solutions of alkabes 
or mutureS of alkalies and sodium hypochkinto (antiformin), as also to the action of 
digestive ferments In this connection it may bo noted that acid fast bacilli are also 
Gram positive, though the aiajonty of Gnun poeibve organisms are not acid fast The 
sobstaneo which confers this property of aad fastneo oa the tuberele bacillus and allied 
forms lias been studied by KJobs (1698), Koch (1897), Bulloch and Sfacleod (1904) and 
Tamura (1913) It w-as at first regarded as an nnsaturated fat, but is now generally believed 
to bo hpoidiJ or waxy in nature Bulloch and Bladcod state that it has the chemical 
properties of an alcohol, and Tamura isolated an alcohol which had the property of acid 
fastness, and which ho named “tnykol” (For farther details see Chapter IG) 
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the empirical discovery has been made that certain staining reactions are highly 
characteristic oi certain groups ot bacteria Two such staining reactions are 
especially important in this respect 

The Gram Slain —Gram (1SS4) descnteJ a stainmg method which has tx«n of tie 
greatest eervicein differentiating bacterial groupa, and which has been eitcnairdy studied, 
and frequently modified by subsequent workers This reaction depends on the fact that, 
when certam bacteria are stained irith certain aniline dyes, such as gentian nolet methyl 
violet and others, and are subsequently treated with a solution of iodme m potassium iodide, 
amordantmg action occurs which prevents thesubs^quentdecolonzationofthe bacte*ia on 
treatment with alcohol Other bacteria, after similar -treatment, are readily decolomed 
This difference between the retention of the stau by Oram pcsitive bacteria and its loss 
by Gram negative forms is correlated with certain other characten Thus (Kruse 1910) 
Gram negative orgamsnu are more susceptible to solution in alkalies, or to digestion by 
enzymes, than are Gram positive otganisms , they are slso more suscepUblo to iysa by 
an immune serum m the presence of complement. According to Steam and Steam (1930) 
they are more resistant to the lethal action of oxidizing and perhaps of reduemg, agents. 
Brudny (I90S) and Eisenbcrg (1909) would asenfae the difference between Gram positive- 
ness and Gram negativencss to a difference in the permeability of the cell membrane , 
while Sander (1935) who baa been able to render Gram positive bacteria Oram negativo 
by treatment with a variety of reagents and to demonstrate that this change iS reversible, 
regards the determining factor as the state of dispersion of the bacienal protoplasm. 
Some observers, on the other hand and notably Deussen (1918) isclina towards a more 
purely chemical theory and Steam and Steam (I02S) regard differences in intrawUolAr pH 
as the determining factor 

Recently Henry and Stacey (1943) by extraction with bile salt, succeeded in removing 
from Gram positive organisms a eobstance they identify as magnesium irbonucleate, and 
m thereby rendering the organisms Gram negative If tbe organisms are protected from 
oxidation the nbonueleate will recombine and the Cram-staining property will be rwtored 
Gram negative organisms do not yield the salt ond do not combine with it to become 
Grom positive The Gram positive matctul appears to be a high, molecular complex 
of a r^uced basic protein aud magnesium nbonueleate It was noted too that removal 
of Vbe Tibonut^cate faobtated oljservaliOTi of SVained rmeWr bodies u fact wbicK anpiCTts 
KnayBi s contention that the Gram stamiDg matcrul is concentrated at tbs cytoplasmic 
membrane The difference between Gram positive and Gram negative organisms is 
particularly evident in their susceptibility to vanous groups of antibacterial agents, both 
inorganic and organic (see Chapter 6) and it fa probable that investigation of these bio 
chemical differences will lead to a more precise elucidation of a staining reaction first 
introduced on an entirely empineal basis 

In empicywg Gram’s method it most always bo remembered that the differentiation 
IS not absdutely sharp and specific as regards a given bactennm at all stages of its growth, 
or os regards all bacterial species. Tho» organisms which are completely Gram negative 
never retam the stain, but those oigonisme which are Gram positive frequently fall to 
retain the stam when preporaticns are made from old cultures. This is indeed easy to 
understand, since such cnltmos consist largely of dead, dying or degenerate cells, whose 
physical and chemical properties must be greatly altered. Certam bacterial species show 
reactions to this method of staining which are of an intermediate type, with tbe result 
that they are extremely sensitive to emaD changes in technique, sometimes appeanng to 
be Gram positive and at others Gram negative Due allowance must bo made for all these 
pomts in determining the reaction of any given species 

Aetd faetness — ^The fact that certam bacteria after being stamed with ward solutions 
of fuebsm resist tbe decolorizing action od strong min eral acids was observed by Ehrlicb 
(1S82) and confirmed by Ziebl (18S2, 1883) who modified the technique of stauung This 
reaction is highly claractemtio of the tahode bacitluB. and of an allied group of ovgamsms 
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^hlth are coUectivcly known as tbe acid fast baoDi It is of interest to note that these 
bacilli are peculiarly resistant to the aetwa of such solvents as strong solntions of alkalies, 
or mutuieS of alkahea and sodium bjpodilonte (anWonnin), as also to tie action of 
diswtivo fcnnents. In this connection it may be noted that acid last bacilli are also 
Gram positive, though the majority of Gram positive organisms are not acid fast The 
enbstanco which confers this property of add fastness on the tubercla bacillus and allied 
fonns has been studied by Klebs (1598), Koch (1597), Bulloch and Macleod (1904) and 
Thmura (1913) It was at first regarded aa an unsaturated fat, but is now generally believed 
to bo lipoidal or waxy m nature Bu9och and Macleod state that it has the chemical 
properties of an alcohol, and Taniura isolated an alcohol which had the property of acid 
fastness, and which he named “tnjkoL’* (Bot further details see Chapter 16) 
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CHAPTER 3 


THE BIOLOGICAL CHARACTERISTICS OF BACTERU 
SIETABOLlSil 

Tbe Chemical Cooshtobon ol Bacterial Cdia 

It vroald seem that bacterial cells are formed on the same genera! chemical 
pattern as the cells of other Iiring organisms mth certain characteristics that 
ally them closely to the fungi The determination of the exact chemical compo- 
sition of any given bacterial species or strain is rendered pecnliarlj difficult by 
variations induced by diffierences to the nntnent media m svhich they are grown 
(See Cramer 1891 97 Nicolle and Atilaue 1909, Dawson 1919 Fulmer ef al 1921 
Hunter 1923 Buchanan and Fulmer 1928-30, Eckstem and Soule 1931 ) Apart 
from the variability induced by environmental factors, any bactenal spcaes or 
strain may give rise to variants that differ sharply from the parental type m certain 
of their metabolic activities IVhen dne allowance is made for these di.turbing 
factora the technical problem remains a difficult one The coHeetion of as adequate 
mfl-ia of bactenal cells for detailed chemical analyas males large demands on bme 
and apparatus , aod the use of the chemically complex media that ate neceasaiy 
to secure abundant growth of certain bactenal species greatly increases the diScultv 
of interpreting the analytical results, particularly m rtg^ to any consbtnents 
that are present in small amount It is not therefore surpnsiog that our knowledge 
IS as yet fragmentary 

The d.fi’erence in chemical consbtnbon between difl’ercnt bactenal genera or 
species are as would be expected wider than between different strains or vanants 
belonging to a single species In this seebon we may confine our attention in the 
main to those chemical constituents that are shared by bactenal cells in general 
noting in passing certain divergencies that serve to illastrate the kind of differences 
in chemical structure that ha« been observed. 

The Water Content ol the Bactenal Cell — In common with all living cells bacteria 
contam a bigh proportion of water Esbmabona of tbe water content of different 
bacteria earned out by different observers have vaned widely and figures as 
high as 90 per cent, have sometimes been recorded , but those given by jncolle 
and Alilaire (1909) range, with few exceptions from 73 per cent. (Bad edt) to 
80 jier cent (Proteus ntlgans) 

Tbe Adi Content oi Bwlcna. — The figures recorded for the ash content of 
bacteria vary very widely Buchanan and Fulmer (1928-30) quote figures ranging 
from 2-0 to 13 9t per cent of dry weight, omitting one widely discrepant figure 
It seems probable that the ash content is particularly bable to be affected by the 
medium on which the bacterium is grown. Thus Fulmer and bis colleagues (1921) 
record a reduction in tbe ash content of a yeast from 6 3 per cent to 3-0 per cent, 
as the result of growing it in a medium free from magn^ium and calcium salts. 

*2 
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There is general agreement that a high proportion of the total ash consists of 
phosphoric acid, ICM^S pet cent or mote reckoned os PiO, among most bacterial 
species, 40-70 per cent or more among the acid fast forms (see Tamura 1913i, 
Buchanan and Fulmer 1928-SO) Among the mineral constituents that hare been 
identified are Ca, Mg, Fe, Na, K and the Cl and SO* ions 

The Protein and other Nitrogenous Constitnenta oI Bacteria— The recorded 
figures for total nitrogen are widely discrepant Buchanan and Fulmer quote 
figures varying between 1 8 and 15 per cent of dry bacterial substance , and 
the percentages recorded by different observers for the same bactenal species 
show little agreement The usual range would appear to be from 8 to 15 per cent 
Nicolle and Alilaite’e figures vary only between 8 28 and 10 79 per cent , but 
recent determinations carried out by Lmton, Mitra and Shiivastava (1934) on 
the cholera vibno give values of 12 17-15 57 per cent 

In regard to the nature and amount of the coagnlable proteins of bacteria! cells our 
knowledge is cunoualy scanty Bmvin and llesrobeanu (1934). who record a total N figure 
of 13 70 per cent dry weight for Sact coti, find that only 0 65 per cent of this nitrogen, 
reckoned on the same basis, is Boluhlo ui tncUoracetio acid, the remaining 13 C5 per cent 
being precipitated ThCir figures for other oiganisms vary over a considetnble range, 
hut m every case the aitrogea precipitated by tncbloracetio acid forms more than SO per 
cent of the total It should be noted that acids will precipitsta mewt forms of macro 
moldeular nitrogen from solutions cmitauung preeipitahlo proteins The separation of 
proteins from such nurtures has seldom been attempted, but Imtoa, hLtrs and Shnvastavs 
(1934) record in the case of I eMtres that tbe cosgulable protein is almost all in the fora 
of globulin, s s IS precipitated by half saturation with ammonjum sulphate As regards 
the non coagulable jutrogen, Boivm and Mesrobeanu calculate that about a quarter is 
present as> polypeptides or amino acids and about another quarter aa arDmonium com 
pounds Iho percentages falling in these categories vaiy over a considerabh range 

We have more information in regard to tbe units of which bacterial protein is built 
up , and these seem, u general, to be the eame m those that constitute proteins of other 
bring cells Nomeroua observers have earned out estimations by the methods of van 
Slyke, and the results show fair general agreement, though indieatmg sigoiScant difTeienccs 
in the proteins of different species Thus, to take a few illustrative examples, m acid 
fast bacilb, Tamura (1913&) has reported that 63 62 66 74 per cent of the total nitrogen 
is present as mono ammo acid nitrogen, 13 71-16 21 per cent as basic ammo acid mtrogen, 
while Johnson and CoghiU (1925) record 47 39-62 10 per cent and 11 SS-li^S per cent 
for the tubercle bacillus For the diphthena hacillua Tamura (1914) gives corresponding 
figures of 64 62 per cent and 16 89 per cent , Hiisch (1931) gives 44 80-47 41 pet cent 
and 16 67-17 67 per cent For Bart coft Eckstein and Soule (1931) give 42 90-45 71 
pet cent and 16 45-19 82 per cent , and for F cholem. Linton, Mitra and Shrivastavs 
(1934) give 54 84-67 11 per cent and 24 08-26 03 pet «nt These figures it may be noted, 
refer to tbe total nitrogen present in the mono ammo and basio ammo acids, not to tbo 
nitrogen present in the ammo form Among the ammo acids that have been identified in 
bactenal proteins, orgimne, histidme, lysine and tyrosine appear to be almost alwsis 
present, lencmeandtryptophanhavebothbeenfivquentlydenionstrotcd Tbe Sgarcs for 
cystme vary , some observers have faded to demonstrate its presence, others have found it 
in relatively small amounts There seems bttle doubt that the relative proporlions of 
different anuno acids in different bacterial proteins vary sigaificanUy Thus Tamura 
(}9]3<t) records the presence ofrektirely large amounts of 1 phenylalanine in tho proteins 
of an acid fast bacillus, while (19J4) he failed to identify this acid in the proteins of 
the diphtheria b-icillus, which contained an nnusuallv large amount of tyrosine Tlie 
capsule of tbe anthrax bacillus contains a large amount of & polvpoplide which on hydro- 
lysis yields d(-)-glutamlc acid in a slate of almost chemical punt> (IvAnovics end Bruckner 
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1937a b) The presence of ranons arntno-aacb in detectable amounU, and tbeir qoantt 
tative relationship, might be largely infineoced by the media employed for growth The 
cultnral conditions for example, which lead to a diminution in the capsule formation 
of the anthrax bacillus would markedh dimmish its content tif d{-)-glntamic acid, and 
with certain strains growthinanatmospherecontainingSOperccnt CO, markedly mcreases 
cajKuIe formation (Imnoncs 1937) But Tamum (1913i) records closely similar figures 
for the mono<amino-Ditrogcn and basic amino-nitn^en in cultures of an acid fsst bacOIas 
grown m nutnent broth and on a smthetic medium In any case the findings recorded 
atiore give a very incomplete picture Detailed and comprehensive analyses have, for 
the most part, still to be made 

There is one further pomt in connection with the nitrogenous constituents of bacterial 
cells on which aU observers are awrecd— their high content m nncleo proteins 
Nidiimura IS'^S Galeotti 1893 Aronson 1900. Stokbsa lOOS, Tamura 1913a. Scliaffer 
el al 1923 Buchanan and Fulmer 1928-30, Boivm ond Slesrobeanu 1934, Sevag. Smolens 
and Lackman 1910 Stokingcr Ackerman and Carpenter 1914 ) The presence of nucleins 
had been suspected by many of the carherbactenologids because of the affimty of bacterial 
cells for nuclear stains , and the work of the obseiTers quoted above, and of others. Las 
confirmed this conclusion by direct chemical analysis Such substances as guanme, 
xanthme hvpoxanthino and adenine have frequently been demonstrated, and tlie high 
content of phosphorus has been noted above Boinn and ^tesfoheanu (1934) and ^fesro* 
beanu (1936) report that the panne nitrogen of nndned cells vaned from 0 19 to 0-29 
per cent among six species examined, being aboot 10 per cent of the total bacterial 
nitrogen. Of this punoe nitrogen 73-04 per cent was in the form of nucleic acid the 
rest being made up of nucleotides, nueleosidea and free punne bases 

Both ribonucleic acid (the ‘ yeast tvpe nucleic acid) and desoxyifhonocleio and 
(the thymus’ type of nucleic acid) have been isolated from bacteria Coghill (1931) 
isolated nbonucleie and &om Jfyeo Heidelberget and Kendall (1931) from stnpto- 
cocci and Thompeon and Dubos (1933) from ^leumococci of which it eonstituied 
S-Cpcrcent of thedrj weight Nuclctcacidof tbedesoxrnbosetype occora ui Bad €oit 
(Schaffer el al 1922) and Jfyco (uberev!a*u (Johnson and Brown 1922) Seng, Smolena 
and Lackman (1940) found 20 per cent of the dry weight of Sir pyoyenes to be nucleic 
acid and identified 10-30 per cent of it as of the desoxyribosc type (see also p 306} 
The gonococcus also contams about 20 per cent of nucleic aod (Stokinger rl ol lOU) 

Carhobydrate Coastiiuents of Bacterul Cells — Buchanan and Fulmer quote 
total carbon figures ranging from a little below to a little above 60 per cent drv 
weight for vanous bacterial species, with one widely discrepant finding The 
siguificance of this figure in relation to carbohydrate content is dnhious The 
actual carbohydrate content is probably a great deal lower, and the content of 
polysacchandes is certainly lower In their analysis of the gonococcus, Stokmger, 
Ackerman and Carpenter (1944) found 5-9 per cent- of the dry weight wa« carbo- 
hydrate We have our«elves observed crude polysaccharide yields of between 
5 and 20 per cent from over thirty different strains of Proteus ru/yam 

There is very little evidence that bacteria share with the majonty of yegetable 
cells the capacity of forming a ceQido-e ettielope, or that cellulose enters in anv 
way into their composition (see Buchanan and Folmer 192S-30 ) They do, how- 
eier, form a variety of polvsacchande gums, and the studies of recent years 
haie «hown quite clearly that complex polysacchandes are of common occurrence 
in the surface layers of bacterial cells, and in their capsules when the«e are present 
These polysacchandes play an important, often a dommant, part m determining 
antigemc specificity (see Chapter 8) 

We have noted in the preceding chapter that certain bactena may contain 
granules that have been lanoudy identified, on the ba«is of stainmg reactions, 
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as statch or gljco^en but of the agmficancc of these intracellular granules we 
know little, nnd their exact nature is still in dispute 

Bacterial Fats, Lipina and Waxes —Bnchanan and Fulmer quote figures 
ranging from 1 56-40 8 per cent drj neight for the ether extractable substances 
m various species of bacteria NicoUe and AUaire record percentages of 6 31-15 77 
for acetone extractable substances, but the range of species covered is not the 
same Lipm values of less than 10 per cent have been recorded for certain rneia 
bers of the Safmene^fa group (Williams, Bloor and Sandholzer 1939), of 5-6 per cent , 
for Brucella (Stahl and llamaon 1941) and of 10-14 per cent for the gonococcus 
(Stokinger et al 1944) There is no doubt that the production of particular Iipins 
or waxes characterizes particular bacterial species We have, for instance, noted 
m the previous chapter the produclioa by the tubercle* bacdlaa of a wax on which 
Its acid fastness depends (see also Chapter 16) We know so little of the part 
played by fata, lipina and waxes in the economy of the bacterial cell that, for the 
moment, it wdl suffice to note their presence For such data as are available in 
regard to their chemical constitution reference may be made to Buchanan and 
Fulmer (1928-30) 

The Stud; o! Bacterial hletahohsm 

In the stndy of bacterial metabolism, whether we are concerned with sub 
stances utilized by bacteria as sources of food or energy, uath the products of 
metabolism, or with the mechanisms by wbicb dissimilation and assimilation of 
foodstuffs 18 achieved, the most striking feature is the extreme diversity of bacterial 
activity It IS possible to give a generalized description of metabolism that will 
apply with minor modifications to the nutrition of all the higher animals, but in 
bactens, the diverse metabolic activities appear to have been evolved by adapta 
tion to the widest variety of environmental conditions , so that one species or 
another can take advantage of almost any thermodynamically suitable type of 
foodstuff aud any moist envuoument witbui a temperature range rather wider 
than that suitable for most other groups of organisms Certain groups of bacteria, 
however, share a sufficient simiisnty of metabolic activities as to make them 
suitable for discussion in an introduction to the subject of bacteria! metabolism 
Among these are the bacteria that pnmanly interest the medical bacteriologist 
and we shall endeavour to select these for illostcative examples The studies of 
the kmd that concern ns have, for the most part, been earned out by biochemists 
and mark the rapid dev elopnient of microbiological chemistry as a distinctive branch 
of biological science Although work in this field was initiated by Pasteur, and 
developed extensively by him within the limits of the chemical knowledge and tech 
luque of his tune, it has been largely neglected by his bacteriological successors 
These have, for the most part, been content to use the bacterial fermentation reac- 
tions as diagnostic tools, withont inqinimg in any systematic way into the actual 
chemical changes concerned The common practice has been to map out the fermen 
tative abilities of different bacterial speaes, using an arbitrarily selected senes of 
carbohydrate and other substrates which eapetictice has shown to possess differential 
value, and noting the production of acid by a colour change in a suitable indicator, 
or the production of gas by observing its collection within a small mierted tube 
contained in the culture medium The study of the changes produced in intro- 
geaous substrates has been even more bzoited and arbitrary — the production of 
Audole from a tryptophan-containmg sub<5trate, the production of from sulphur 
containmg ammo acids, and so on This neglect has been natural enough The 
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Tlio essential factor m any oxidation tben u Uw temoTal of elections , in any reduction, 
their addition Regarded in this light, bactem! rtapiration corera those processes of 
electron transfer m the mixture of sabstnte and bacteria ’which yield free energy And 
just 03 m ^mple inorganic reactions the oxidation of one snhstance unphes the reduction 
of another, so m a study of bacterial we must consider not only the substrate 

to be oxidized by the bacterium, but the aubatances, either m the bactenuin or in its 
wi'nroDiQeat, which must bo redacedia order that the biological oxidations may take place 
Besides the fundamental conception of oxidation as electron transfer, we are con 
eerned in roetabohe cbenustiy with the substances to and bom which the ejections are 
transferred Thus biological oxidations may be expressed simplj in terms of the transfer 
of either hydrogen or oxygen , but in using this interpretation it must be remembered 
that it is a partieulanration of the Qsaetal h^xithesis of electron transfer The addition 
of oxygen to a molecule, or the removal of hydrogen from it, entails a decrease in electrons , 
both are oxidations. Similarly the remoral of oxygen from, and the addition of hydrogen 
to, a molecule are eqnaUy reductions In the tiansier of either oxygen or hydrogen 
at least two molecules are concerned One, to eopply the oxygen or hydrogen, is called 
the donator, the other, to which they go, is called the acceptor 

In donating oxygen a molecule is reduced, m aceeptmg oxygen it is oxidized In 
donating hydrogen a molecule 13 oxidized, m accepting hydrogen it 1 * reduced. In both 
cases the reaction is eataly>od and the cataljwt u regarded as ' actirating ” cither oxygen 
or hydrogen, 

TTie theory advanced by Rieland (1913, 1921, 1922) regards hydrogen activation 
and consequent hydrogen transport, as the essential mechanism of cellular oxidations 
The remoral of hydrogen from a molecule may be preceded by the addition of a molecule 
of water, in which case oxygen is in fact added . or there msj be no prelunmary addition 
of water, la which case the molecole is oxidized by the «imple loss of hydrogen la both 
eases a suitable hydrogen acceptor must be provided In general terms these reactions 
may be expressed as follows 

( 0 ) S + H OH + A XH OH d- A - ^0 + AH| 

<6) XH + A - X + AH 

in ( 0 } X repreaenta the substrate to be oxidized and A Ibe hydrogen acceptor Rater 
IS first added to X and the hydrogen of the compound XH OH is then activated and 
passed on to A, leaving X oxidized In (6) the compound XH is the substrate to be 
oxidized OxidatioQ occure by the activatioo of the hj drogea and its transference to A 
An example of the first typo of reaction is afforded by the oxidation of an aldehyde 
to an acid with prenons hydrelion, 

CH, CHO + H,0 CH, C^OH CH, COOH + 2H 

N)h 

An example of the second type of reaction is afforded by the oxidation of an alcohol 
to an aldehyde by removal of bydiqgen. 

CH, CH, OH —*■ CH,-CSO + 2H 

The hydrogen in such reactions is seldom liberated m the gaseous state In almcet 
all the reactions with which we are here coneeroed. a hydrogen acceptor must be provided 
The enzyme that activates the hydrogen m the eobstrate to be oxidized, and so brings 
about its transport. Is tnown as a dehydrogenase 

The Mechsu^sm of Hydrogen Ttaaspoit — ^The phenoaiena of hydrogen trans 
port m bacteria may be demonstrated by a technique developed by Quastel and 
his colleagues, which consists in ob«emng the behanoor of washed bacterial 
cells suspended in an appropriate buffer solution coalaming the necessary morgamc 
ions, when incubated m an evacuated Thunbe^ tube in the presence of a substrate 
and an indicator dye such as methylene Hue The reactions are usually completed 
within 30 minutes or less, so that sdthough a small degree of bacterial multiplication 
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bactenolc^t, at least, has been maicjj interested in oti“T bacleTil 
activities bat the time has quite dtariv amved ’when the chemical asp'^ of 
bactenology and immnnjtv mus* be mastered bv all venous ctudents of th‘*-e 
branches of biologj 

The metabolism of bacteria as of other linng cells, u dependent on, and regu 
lated bv, a complex sptem of enmnes and catalj^ts, who<« acuntr is coadi J'^ned 
br a vanety of factors, such as temperature of incubation, the pH of the medium, 
the presence or absence of molecular oiypeu, and the presence or absence of a 
particular food stuff. In order that anr given bacterium may prow and mnltiplv, 
the«e vanous conditioning factors must fall within a range hmi*ed bv the require- 
ments of the enrvme systems that are available. Many bacteria possess more 
than one eniyme system for dealing with a given type of «ub«trate, and a change 
of environment is accompanied by a change m the p^onunaung enrrme sy®*em. 

The prune needs of a bactenom are sob^tances that it can asamHate and 
6ynthe«ire mto protoplasm , and energy necessary for these syntheses, and for 
movement (if it is motile) reprodacbon and the maintenance of structure. Both 
are obtamed bv the decomposition of «uitahle sub-tratea. 'No sharp dividing l.ne 
can be drawn between substrates that act mainly as sources of energy and those 
which are needed for synthesis of bacterial proteins, carbohvdntc?, fats, enirmes, 
etc But It 13 convenient to distinffuish the two tvpes of acbvitr, and d-acuss 
the fix*t under bactenal respiraboa and fermentaboe, and lie «eeo3d unde*- 
bactenal nutnaos. Bacterul nntnboa we shall leave till a late* «ecuos, but 
before examining the nature of reepmbon and fermentaboa in detail, we *ha!l bn^Sy 
discusa the general implications of the energy producing mechanisms in Lvmg cells. 

The Bespiriboa of Badenx,— Tb'^ term Te«pmt]os, with its cossotatioss for 
the student of mammaliao phy*iology of the mechanical intahe of orrpen for Ih^ 
purpose of enduing food enhances, u apt to confoie the «*uaent of bacteaologr 
unless he realizes that more than the direct ubluatioo of atmosphene oxygen 
15 concerned Bespiration coven all those metabolic mechanisms that are em 
ploved m providing energy, as opposed to tho«* that are concerned m synthesis. 
It happens that manv energy peldmg reacbou* that is, eiothenmc reactions, 
are oxidabons in the sinple renae of the word and take place in the cell wh»n 
molecular oirgen is supplied. But this concept oi ondabonas theumoaefoxvgen 
with a given substance is as linuted in its appbeabons to biology as it is to morganic 
chemistry la neither does the precess of oxidabon neceasanlv involve ti» transfer 
of oxygen. 

Tlie simple reaction 

reci,-r a->rca, 

u as mn^ an oxidation &s the more ohnoos 
2FeO-f O— 

The comwem feature of these two cmdatioas, and odeed of all oxidatiaQS, is change m the 
ekctionic state of the substances coneecDed. If tb' oxidation of the ferrous to the feme 
chlonde takes in solotioii, in which the parbapoits lo the reactioci are ranzed, 
the whole process may be wnttm 

Fe+TJ-ia -T-a^re-^-^+ -i-sa 

Tbe fenous salt is oxidized, and the ebJonoe atiKa redooed. The oxidati^ of the tn» 
msv be written 

re++ — >-re'^++ -}- one free dertron 
and the reduction of the ehlonae by 

(3 one five deetzos — ► Cl“ 
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Thcf «wonfW factor la any oiidatioa then b tiio removal of electrons , in any reduction 
tlieir addition Regarded in this light, bactcnal respiration covers thono processes of 
eleotron transfer in tlw nmluro of eubslrstc and bacteria which yield £r?o energy And 
just os In simple inorganic reactions Iho oxidation of one substance implies the reduction 
of another, so in a study of bsctenal metabolism we must consider not only tho substrate 
to be oxidux'd by tho bactenuni hut the tabsUnccs, either in tho bacterium or in its 
environment, w Inch must bo reduced in order that tho biological oxidations may tahe place 
Besides the fundamental eonccption of oxidation as electron transfer, we are con 
cemed m metaboho chemistry mth tho aabslances to and from which the electrons are 
traaifcrred Thus biological oxidationa may bo expressed simply m terms of the transfer 
of either hydrogen or oxygen , but In tmng this Interpretation it must be remembered 
that it IS a particularuation of the gcrKral hypolhesu of electron transfer The addition 
of oxygen to a molecule, or the rrmoval of by drogen from it, entails a decrease in electrons , 
both arc oxidations Similarly the rcmoial of oxygen from and the ad litlon of hydrogen 
to, a molecule are equally reductions In tbo transfer of either o^gen or hydrogen 
at least two Diolectiles are ronermed One to supply the oxygen or hydrogen is called 
the donator, the other, to which they go, is called the acceptor 

In donatuig oxvgtn a molecule Is reduced, in accepting oxygen it is oxidized In 
donating hydrogen a inolecole is oxtdiaxl, in acc«p(itig hydrogen iC is reduced In both 
cases tho reaction is calatysed and the catalyst is regarded as activating ' citlier oxygen 
or hj drogen 

Iho tlirory advanced by Riebind (1013. 1031, 1322} regards hydrogen activation 
and consequent hydrogtn transport, as tbe essential mechamsm of cellular oxidations 
Tlic ninoval of hytlrogen from a molecule may boiKaxledby the addition of a molecule 
of water, in w hich ease oxygen is in fact added , or there may bo no prelioiuiary addition 
of water, in which ease the molecule Is oxidized by the simple loas of hydrogen In both 
rises A suitable Itydrogen acceptor must bo prornled In genera) terms these reactions 
may bo exprr^ied as foUows 

(a) X + n OH + A - XII 011 + A - XO + AH, 

(fi) XH + A « X + AH 

In (a) X represents the substrate tobeoxidiied and A the hydrogen acceptor Rater 
IS first added to X and tbe hydrogen of tbe emojound VII OU is then activated and 
pasied on <o A X oxidued In (i) (he cooifound AH is fie stiisfnife to be 

oxidized Oxidation occurs by tbo activation of the hidrogcn and ita transferenco to A 
An eiaraph of the first typo of reaction is aBonled by the oxidation of an aldehyde 
(o an acid with prenous bydratton. 

CII,aiO + H,0-*-CH, C^OII CH, COOH + 2H 

N)n 

An example of the second type of leaction la aSbrded by the oxidation of an alcohol 
to an alcleb^o by rvmoval of hydrogen 

Cir,CH,OH-^CH,CHO + 2H 

T1)0 hydrogen m such reactions u acldora liberated in tho gaseoua state In almost 
all the reactions w i th m Inch n e are here concerned, a hydrogen acceptor must bo provided 
Tlio enzyme that activates the bydn^en m tho eubstrata to bo oxidized and so brings 
about jU transport, is hnown as a dehydrogenase 

The Mechanism ol Hydrogen Transport —Hic phenomena of hydrogen trans 
port in bacteria may be demonstrated by a technique developed by Quastel and 
his colleagues, which consists >n observing the behaiiour of washed bactenal 
cells auspended in an appropriate buffer wdubon containing the necessary inorganic 
ions, when incubated in an ctacuated Thunberg tube m the presence of a substrate 
ami ao indicator dye such as methylene bine The reactions are usually completed 
within 30 minutes or leas, so that although a anoU degree of bacterial multiplication 
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ma) tate place dnnng the eiperiment, the enrvmic actmties ili.plave<l are not 
necessarily thoe of proliferating cells nor e%en of living cells (Cook and Stephenson 
192^, Sandiford and Wooldndge 1931) In the Thunberg tube, Bactenum co/i, 
for example, may be shown to possess an enxyme that is capable of oxidmng succinic 
acid to fnmanc acid in the pre'ence of methylene blue (Quastel and Whetham 
1921, Qua«tel Stephenson and Whetham 1925) A reversible eqmhbnum is set up 
Succinic acid and methylene blne^^fumanc acid and leuco-methylene bine 
The enzyme responsible, snccmic dehydrogenase, actia-ates the hvdro^^en- 
Tbe metbvlene blue acta as a hydrogen acceptor, and in doing so is reduced to 
the colourless compound leuco-methylene blue It will be noted that the methy 
lene blue does not require activation to become a hydrogen acceptor In the 
dehydrogenase systems occnrnng in nature, it is probable that most of the hydrogen 
acceptors are activated by enzymes. The natnral hydrogen acceptors may be 
either intermediate products of carbohydrate or protem dissimilation, or molecular 
ox%gen itself In the first ca«e wc have a biol<^cal oxidation in the absence of 
air, which we call an anaerobic oxidation, and in the second case an aerobic oxida 
tion m which oivgen is acting as the hydrogen acceptor DehvdrogenacCa may 
catalv'e the transfer of hydrogen from the donator directly to oxygen as the 
acceptor but this mechanism appears to be relatiielv rare 

The transport of oxvgen m the cell is nsnally brought about by a complex 
system of oxygen earners and the oxygen is activated by enryines which receive 
the general name of ondases, Watborg (192 m, b) pictures the molectilar oxygen 
uniting m the cell with some complex organic substance containing iron m the 
reduced, or ferrous *tate, and converting it into feme iron In the presence of 
an oxidizsble organic molecule and a smtable osdase oxrgen is transferred and 
the iron returns to the ferrous condition. A oatoral earner of oxygen, cytochrome, 
has been demonstrated m the cells of aninials, yeasts and bacteru by Eeilin (1923, 
1926 1925-29, 1930), and Ketlin and Haitree (193m, h, c) Cvtochrome u a 
respiratory pigment, made up of a number of related htematin compounds, which 
plays an important part in cell respuatioD Keilin’s studies supply the link 
between the Wieland bypotfaess of hvdrogeo transport and the arburg hypo- 
thesis of oxidation by iron-contauuog compounds 

Kedm s view of cellular oxidations may be bnefiv summarized as follows 
Orgamsms whose respiration demauds molecular oxvgen contain a widely dis 
tnbuted respiratorv pigment cytochrome composed of three main hsematm com 
pounds the components a, b and c. The pigment aUo contains an unbound 
hiematin compound similar to the protoha*matin of hsmoglobm, and a hiemochro- 
mogen precursor of cytochrome Of these, the b component of cytochrome, the 
protoluematin and the hxmochromogen precor-or are autoxidizable. The a and e 
components aie oxidized m the presence of a thenaootahle enzvme Q^ochrome 
oxidase , all factors that destroy or inhibit this oxidase dimmish the oxvgen 
uptake of the cell- Some bacten^ ceQs, eg B fubtilis, have the full complement 
of cytochrome components, and a fourth component o. Bad cofi, on the other 
hand, has no a, c, c or cvto-oiida«e, but onlv b, and another component o, which 
may possibly act as an oxida«e to 6 (Keflm and Hatpley 1941) dytochrome 
therefore acts as a carnet between two activatmg mechanisms of the cell, the 
cvtochrome oxidase activating molecular oxvgen, and the dehydrogena«e achrating 
the hydrogen of vanous organic substrates, metabolic mtermedianes and co- 
enzymes. The autoxidizable hsematm compound h, the unbound hsmatm, and 
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the htraochfonjogcn precursor to c> tocbtome maj act as comers betw ecu hj drogen 
donators and iHolccular otjgcn Thej a*aj"al«o act as direct catalysts promoting 
the oxidation of substrates that arc not activated by specific dehydrogenases 
The various bjematm compounds of the ccH are also responsible for the catalase 
and peroxidase reactions tint occur )n the presence of II, 0, The H,0, which 
Ls an end product in a number of bacterial oxidations, is reiluced in the presence 
of catalase. CataLi-se production is probably limitcc! to bacterial species capable 
of aerobic respiration (Kluyvcr 1921) Callow (1923, 1921) found oxjgen utibza 
tion nunimal m bacteria producing no catalase (see section on Acrobiosis and 
Anaerobicwis, p 70) 

Substituting cjlocliromc for metb\lcne blue in the «uccmic dehydrogenase 
sptctn nientioneil aboie, we may repfcscut the oxidation of sucemte acid in two 
stages, the first cataly-cil bj the dehydrogenase, the second bj cytochrome oxidase 
Succinic acid and cjtochromc— ►reduced cytochrome and funianc acid 
Keduccii cytochrome -f- 0* — *" cytochrome + u ater 
This reaction has not been directly dcinonstratiHl m bacterial cclU, nor tan 
many of the dehydrogenase systems directly reduce otidued cytochrome But 
it apjicars that the dehydrogenase systems capable of reacting directly with reduced 
cylochrorne may act as intcrine<itate hnVs betacen cytochrome and other dehydro 
genaso systems, by which they arc themsehes teiluecd 

Many of the dehy drogena«e ey *tem«, in addition to by drogtn donator, hy drogen 
Acceptor, dehydrogenaso, water, inorganic ions »nd the correct pH. require the 
presence of co^nzyoies A co-entytne may be defined as a thermostable substance 
necessary m additroa to enzyme andeubstrate to initiate a reaction Co-enzymea 
are usually organic in nature, and tbcir molecules ore small enough to pass through 
ecmi permeable mombmocs tliat liold back the larger enzyme molecules Hence 
existcRce of a eoeozyme is usually demonstrated by the luactiiation of a natural 
enzyme preparation after it has been dialy«e«l, and its rcactisation by addition 
of the duly-sate Co«enzyfno I, which has been identified as pyndme nucleotide 
djphosphstp, takes part in rosny entym© reactions Co-cn^me I and its dehydro 
genosc constitute one of the dchj drogenaso systems capable of direct reaction with 
cytochrome Its relation to the cytochroroo system may be represented (Dewan 
and Green 1933) as follows 

A H, + Co-eiiry mo I dehjdfogeiwwforA ^ lI,_co-eozyme I 
«.-co-c..qin, ( + raiaueJ 

co-enzyme I -b H, — cy tochrome 
The following diagram of the general oxidatwc mechanisms as they mvolse 
cytochronio itself base been taken, with slight modification, from that given by 
Keihii (1928-29) 
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The Chemical Changes piodnced by Baciena ia vaiioas Substrates 

On the «cw outUnctl above the oxidatton of a complex subst-\nce by bacteria 
Ilia) be pictured as the transfer of hjdcogen from one sub«taiice to another, each 
step being iirougbt aiiout by one of & graduated senes of ojidation reduction 
svstcnis with appropriate coryruca carnets and co-enrymes the -wholo resulting 
in an e^en flow of energy for cell maiRtenance and syntheses We shall now 
examine m more detail the action of baetem in the different types of foodstuffs 

The Action ol Bacteria on Catbohydralcs and AlUed Substances —The majority 
of the bacteria with which we are concerned in this book arc able to attack the 
i cxo<e sugars. Occa&ionallv the end result is complete oxidation to water and 
carbon dioxide This is, hoi^evcr, an unu«ual type of reaction, hraited to a few 
species and demanding a copious aupplj of oxygen \orions reactions leading 
to leas complete oxidation art mote common , and one of the most characteristic 
types of bacterial fermentation w that in Vkhich molecular oxygen plajs no direct 
part, the reaction consisting essentially in the splitting of a complex molecule 
usually b) hydrolysis with a rearrangement of the oxygen atom* so that one 
portion of the hytlroljwed raolecule is oxidixed while the other is reduced An 
example of this general type of reaction is afforded by the studies of Harden (l&Ol 
I'Xyj), and of ICarden. and W alpole (1906) on the fermentation of dextrose by Bnct 
cofi The mam product of fermentatioa ate lactic acid acetic acid ethyl alcohol 
tsirbon dioxi le and hydrogen, and the reaction appears to be apj roxiaiately repre 
eentwl by the formula, 

2C,ii„o, -f ir,o » 2Cir, cnoir coon + cit, cook + c,h, oh + 2co, + 2H, 

although small amounts of other substances such as succmie acid ate ptcxluced 

In some instance*, as in t]ic fermentation of dextrose by the typhoid bacillus 
no free gas is esoUed It was suggested by Harden that in this case that part 
of the reaetioa which, with such an ot^niam as Bad coh, leads to the evolution 
of equal parts of CO, and H, stoj s short at the formation of formic acid H COOH 
(see also Fakes and Jollyman 1901) This suggestion was strengthened by the 
observation of Sera (1910) while Grey (1913-11) has shown that formic acid con 
bo identified as an intermeiliato product lu the fermentation of dextrose by Bad 
colt 

This type of reaction u, boss ever, by no means the only one that occurs during 
the cleavage of carbohydrates and alhed substances by bacteria 

The existence of wide variations is well illustrated by the results recorded by 
Birkcnsbaw, Charles and Gutterbuefc (1931) Using the carbon balance sheet 
method employed by Raistnck and his colleagues (2931) in their extensive studies 
of the Rietabohsm of mould®, they detemnned the relative proportions of different 
metabolic products formed by twenty different bacterial species growing m a 
synthetic medium containing glucose In the case of Bad. coli and of certain 
nearly r lateil organisms up to 30 4 per tent of the carbon of the glucose was 
recovered after fermentation in the fmtn of lactic ocid, 6 0-14 4 per cent was 
recovered m the form of volatile acids, wlule the amount present as butylene 
glycol (CIIjCHOHCIIOHCIi,) was negligible On the other hand a cohform 
orgamsra of a different type Bad asuaieum mobile, yielded 26 8-31 0 per cent 
of the carbon os butylene glycol but nonu as lactic acid Two anaerobes (Cl 
saccharobutifncvm and Cl pasleurumum) yielded a large proportion of carbon 
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These are not the onlj* mechanisms aHecting the transfer of hydrogen to 
molecalat oxygen Many animal, yea«t and bacterial cells, for example, contam 
flavoprotein (Schutx and Theorell 1938) Fla%oprotein the “yellow enznne’’ 
of Warburg and Chiiatian (1933) is nboflatia phosphate combing mth a protein 
group , it 13 spontaneously ondixahle hy molecular oxygen, but acts also as a 
hTilrogen earner between dehydit»geiiase systems and the cytochrome system 
(Ogston and Green 1935), and anaerobically between two dehydrogenase sr^tems 
(Dewan and Green 193S) It is redneed by co-enzrme I and may be related to 
the dehydrogenase of co^nxyme I mentioned above, which Straub, Corran and 
Green (1939) have shown to be a fia>oprotem 

The dehydrogenase systems are te\emble (Qoaetel and WTietham 1921, Gr«a 
and Sticlland 1931) If the reaction of succinic acid and methvlene blue is allowed 
to proceed in the presence of Bad aJi dehydrogenase until the dve is reduced, 
and an excess of funianc acid added the lenco-methyleDe blue gradually becomes 
reoxidixed The reversal is due to the action of the eninne, for the destruction 
of the enznne by heat or the addition of an antiseptic completely inhibits the 
reoxidixation of the methylene blue. Since these reactions are re\ersible, jt is 
ob\'iaas that they wiU not tale place in a giien direction unless the hydit^en 
donators and acceptors are in a «ajtablc physical state for the removal of electrons 
from the substance to be ondued 

Bicdogitail Etdox Systems —In a given revemvble oxidation reduction aystem 
the state of oxidation may be mea«ared bv the tendency of the system to give 
up electrons and the state of reduction bv the tendency to taVe up electrons. 

If a pUttoum electrode u unmerao d m a fluid eoDUtmng such a mtem, an electrical 
half<ell ' u produced and a potential diflerenre, dependoig on the availability of 
electrons in the system is set np at the electrode When the half<ell is put into a circuit 
with the normal hydrogen electrode as a standard half>ceU the electroiaotire force that 
develops will be a measure of the electrode potential in the system compared with tliat 
of the standard hslfH^O. This force, measured in volts, u designated the Eh of the 
system A marked tendency to reduction resnlts is a flow of electrons from the standard 
half-cell . «.< the cnnvnt flows from the system to the half-cbU and the Eh is positive 
\ system with a marked tendency to oxidation, on th* other hand, Sinbe electrons flow 
to the standard cell half-cell is mdicaled by a orgative Eh. 

The conception of Eh the oxidation reduction (or redox) potential (see Clatl. d oZ. 
1928 McLeod 1930 Hewitt 1930) as a me^utc of i^ncuig Intensity may be apj^ted to 
the reversible enzyme systems of the dehydrogenase type Oxidation, for example, will 
not proceed m a given system except in the preteiKc of a system with a higher Elh Thus 
It will be seen that the absolute ^ valne is of less importance than its valw compared 
rfith other for a srrteai of a &/gb redanag latctzntv, ohirariemed hy m 1o» £h 

will be further reduced by a system with an even lower Eh For the general character 
ization of each system the Eh is determined m standard conditions, namely when equiva 
lent amounts of the reduced and oxidoed forms are present in oqmlibnum at pll 7 5 
and a temperatore of 30’ C This characteristic Eh is de«Tgnated E,', and m general 
it may be said that, m the proper circumstances, a system of a given E,^ will m the ondizcd 
state be reduced by a system of lower E,' and in the reduced state wiU b" oxidized by 
a system of higher E^ For example, the E,' of the sueeinic-dchydrogenase syrtem is 
about 0-00 volt and that of cytodirome-cytodtiome orKlnai* about -K)-12 volt. On 
electronic grounds it is to be expected that the oxidation of the succimc acid to fumanc 
will occur in the presence of oxidized cytochrome 
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The Chemical Chaages stodnced by Bacteria m vanoas Sabstiates 

On the view outlined above the oxidabon of a complex substance bj* bactena 
may be pictured as the transfer of hydrogen from one aabstance to another, each 
step being brought about by one of a ^adoated senes of oxidation reduction 
gystema ^ith appropriate enzymes earners and cO'enzyroes the -whole resulting 
in an even flow of ene^ for cell maintenance and syntheses We shall now 
examine in mote detail the action of bactena in the different types of foodstuffs 
The Action of Bacteria on Carbohydrates and Alhed Substances — The majority 
of the bacteria with which we are coBcerned la this book are able to attack the 
hexooe sugars Occasionally the end result is complete oxidation to water and 
carbon dioxide This is, however, an imusoal type of reaction, Imuted to a few 
species and demanding a copious supply of oigrgen Various reactions leadmg 
to less complete oxidation ate more common , and one of the most characteristic 
types of bacterial fermentation is that in which molecular oxygen plays no direct 
part, the reaction consisting essentially m the splitting of a complex molecule 
nsually by hydrolysis, with a rearrangement of the oxygen atoms so that one 
portion of the hydrolysed molecnle is ondized while the other is reduced kn 
example of this general type of reaction is afforded by the studies of Harden (1901 
1905), and of Harden and Walpole (1906) on the fermentation of dextrose by Saci 
eoU The main producU of fermeotatioo are lactic acid acetic acid ethyl alcohol 
carbon dioxade and bjdrogeD, and the reaction appears to be appromroately repro 
eented by the formula 

2C,H„0, + H,0 « 2CH, CHOH COOH + CH, COOH + C,H» OH + 2CO, + SH, 
although small amounts of other substances such as succinic aad are produced 
In some instances as m the fermentation of de-rtrose by the typhoid baciUos 
no free gas is evolved It was suggested by Harden that m this case that part 
of the reaction which, with such an organism as Bad coli, leads to the evolution 
of equal parts of CO, and H, stops short at the formation of formic acid H COOH 
(see also Fakes and JoUyman 1901) This suggestion was strengthened by the 
observation of Sera (1910) while Grey (1915-14) has shown that formic acid can 
be identified as an intermediate product m the fermentation of dextrose by Bact 
cah 

This type of reaction is, however, by no means the only one that occurs during 
the cleav*age of carbohydrates and allied substances by bacteria 

The existence of mde variations is well illustrated by the results recorded b> 
Birkenshaw, Charles and Clutterbuck (1931) Using the carbon balance-sheet 
melhod employed by Eaistnck and his colleagues (1931) m their extensive studies 
of the metabolism of moulds they determined the relative proportions of different 
metabolic products formed by twenty different bacterial species growing m a 
8;jTithetic medium containing glucose In the case of Bact coh and of certam 
nearly rJated organisms up to 30 4 per cent of the carbon of the glucose was 
recovered after fermentation m the fonn of lactic acid 3 0-14 4 per cent was 
recovered m the iorm of volatile acids while the amount present as butylene 
glycol (CH, CHOH CHOH CH,) was w^l^ble On the other hand a cohfonn 
organism of a different typo Bad a«<itici/»» mobile yielded 26 &-31-0 per cent 
of the carbon as butylene glycol but none aa lactic acid Two anaerobes (Cl 
saccharohuBjneum aad Cl pasleunantm) yidded a large proportion of carbon 
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as volatile acids (31 8 pet cent and 3T 8 pet cent ) but formed bttle if anr lactic 
acid or butjleiie glycoL 

llanv Lypothesea ba\e been put forwaid to explain tbe precise mechamsm 
of the dissimilation of the relatively simple carbohydrates It u impracticable 
to deal witb them fully m this chapter, and tbe student is referred to the mono- 
graph of Stephenson (1939) and the renew of WerLman (1939) for a detailed 
consideration of the subject As an illnstratioo of the complesitr of the mechanisms 
«o far elucidated and the multiplicity of entymes and earners that may take part 
we may cite the Embden-Mcyerhof Pamas scheme for the anaerobic dissimilation 
of glucose by animal tissues and yea«t cells 

According to this scheme the hexoee fust icaets with adenosine tnpl^pbate in tbe 
presence ofapbospbotylase to produce a bexose diphosphate and adenosine monopbo6|^te. 
The bexose diphosphate then breaks down into two molecules of tnosephospbate under 
tbe influence of an aldobae The tnosephospbate rambioes with acetaldehyde in the 
presence cf a mntase and co-cnxrme I to form one end product of the breakdown, ethvi 
alcohol, and 3 phosphoglyccnc acid An eootase changes tbe 3 phospbogljcene aad 
mto phosphoprruTatc by the remora) of a mokvufe of water, and the phospbopyrurate 
IS dephosphorylated in the pieacncc of the adenosine monophosphate (left from the 
phosphotylation of tbe hexose) to fonn pyninc acid and adenosine triphosphate. Tbe 
adcoosinc monophosphate (adenylic acid) thus acts as a co^nzyme in the tzanafer of 
phosphate from pbosphopvrune acid to glocose The pjiuTie acid, according to (he 
enzymic condition of tbe ccUt coaerraed. may react with more tnceepheepbate to yield 
Uctic acid and pbosphc^Iycerate, or be acted upon by a carbosyUse m tba preaeoee of 
co<arhoxylaae to gire carbon dioxide and acetaldehyde Tbe carbon dioxide u another 
end product, and tbe acetaldehyde is available for the rraction with tncwpboqibate to 
fonn aleoboL 

The co-enzymo I acts as a bvdrogen earner tn tbe third s^ftem. tbe full teactwo 
being 

Acetaldehvde and reduced co-enxyme—v ethyl alcohol -f oxidoed eo-cnzycBe. 

Tnosephospbate -f- oxidized co-enzjnie—>-piiospbogIyrene add + reduced co-enzyme 
The cycle, which is one of many posable cycles, is meet eaailv demonstrated m annual 
tissues, and m extracts of yeast cells. For technical reasons active extracts of hactmal 
cells sjc difficult to prepare, but cndeoce is scounaUting that tbe Embdm Meyethof- 
Farnas scheme is apphcabic to anaerobic glycolysis of some bactena. The endaice u 
of four kinds. 

Ilr«t]y, the presence of the euiymcs coocenird may be inferred by eompanag the 
action of relatively specific enzvme poisons ou the disaunilation by the cells under study, 
with its action on defined enzyme systems. 

Secondly, the presence of the vanoos oxidalire, hvdrolvtic and phosphcvylating 
systems may be demonstrated by adding tbe hvpithDtical intcnnediancs to a sespensjon 
of the cella. and measuring its power to deal with them , but. as Stcpbensoc (1939) points 
out, though this demonstrates that a particular metabobc path mav be followed in expen- 
mental rfi^imiU tion, it is not neoesaniy followed in natural fermentation. 

Thudly, the unknown dialysabk camera mav be removed from tbe enzyme prepara- 
tion. and the need for them demonstrated by adding known camera from other sonrees. 

And lastly, the intermediate products postulated mav be isolated from the fenn*nta- 
tion system, particularly after tbe dissimibtioD'baa been interrupted by vanons enzyme 
poisoua. 

Virtanen (1934, I93o) and Virtancn and JuUstrCm (1931) demonstrated that phos 
photylated bexoses occur m bactenaj xnetabcitum. A key intermediate, phosphe^ytenc 
aad, has been i^Iated from a large nomber of bactma by Werkman and biS rcJlcagtKS 
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(see Workman 1930) and from Bnct edt by Sndo (1933), moreorer Jt is formed dunng 
tho breakdown of boiose diphosphate 

The ddficulty of obtairung active free extracts of bacteria siradar to those of the 
much more extensively studied jeuta it&s been overcome by d smtegrating bactena by 
ultra sonic vibrations (sec Cliaptcr 6) or in special cniabmg mills (Booth and Green 1938) 
By the latter means for example Still (1940) has demonstrated that cell free prejiarations 
of Daet coh will catalyse the oxidation of tnoscpliosphate (3 phosphogljccraldehyde) to 
3 phosphoglyccnc acid 

It mu t be emphasized that this is one exazDplc onl} of the possible ways of 
STiL9 ohic giycoijsu Irtdoci} it 13 probtbie that two or more procc^es of g?yco 
Ij«is only one of them intohing phosphorylation may occur at the same time 
m a bacterial culture (see Tasman and Brandwijk 1938) The applicability of 
the Embdeii Meyerhof Parnas scheme to bactena is by no means fully established 
but it serves to illustrate not only the complenty of the mechanisms but their 
dependence, in certain cases at any rate on a number of enzymes and carnets 
which themsehes may be intermediaries between stages on other metabohe paths 

Among the intermediate products of the eurbohydnitc metebohsm of bacteria pyruvic 
acid holds an important place whether tha metabolic path actually followed corresponds 
to the Embdcn Meyerhof Pamoa seheme or to one of the alternative schemes that have 
been propoan) Jt is a source of acetic succinic butyric and fumario acids of etby] 
and ISO propyl aloohol acetone g'yocrol acetylmetbylcsrhiaoJ butylene glycol carbon 
dioxide and hjdrogcn Werkmnn (1039) lists the following cxacuples of anaerobic dis 
similatlon of pj’ruvio acid produced bv bactena end yeasts 

1 DecarbozyUtion, giving acetaldehyde and CO^ (Sartino tentneuli Smit 1030) 

CH.COCOOH -».CH,C!HO + CO, 

2 lIyIroIy«u giving aoctio and formic acids lliaelenieea Tikka 1937] 

ClI, CO COOH + H OH ^CB,COOH + HCOOH 

3 Dismutation of the arotatdehydo produced by decarboxylation giving acetic acid 
and alcohol (1 many acetic acid bactena ) 

2CU,CHO-^CH,COOH C,n,OH 

4 Condensation of the acetaldehyde to produce acetylmethylcarbinol and reduction 
giving butylene glycol (Pact aeroQtnts Neuberg and Reinfurth 1923 24) 

2Cn,CHO —S' CH, CO CHOH CH, 

CH, CO CHOH CH, + 2H —> CH, CHOH CHOH CH, 

6 Dismutation and reduction giving acetio and lactic acids and CO, (lactic acid 
bacteria Nelson and Workman 1936 StnjA auntu Ivreba 1937) 

CHjCO COOH + HOH -*■ CH,COOH + 2H + CO, 

GH,GQGOQH+ 2H.~e-CH.jCaQU;COQH 

The metsbohsta of pyruno acid is closely connected with tbiarmn (vitamin B^) The 
co-enzyme necessarr for reaction 1 a coearboiylase has been identified as the dipbospbate 
of thiamin and is necessary for the breakdown of pyruvic acid by Bad actdzficans longis 
simum (Lipmann 1937) Staj>h aureus (HiUs 1938) propionic acid bactena (Silverman 
and Werkman 1039) and Sir hcemUylittu and gonococci (Barron and Lyman 1939) 

As noted above (p 45) for the purposca of classification of bactena the power of 
a species to break down a given carbohydrate is nsoally measured by the production of 
acid or of acid and gas The gases produced in macrascoplc quantities &om small volumes 
of fluid medium are usually CO, and H, Wo have noted a number of ways in which 
hexose sugars may be supposed to give use to Tanous acids and CO,. Fakes and Jolly 
man (1901) tested certain members of ttie Bactentim group and showed that all those 
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produnng g&s from dextrose slso did bo &om fonoBte the prodaction of fflolecabr 
hydrogen from formic acid rru ehovn by Stephenson and Stickbcd (1932) to be due 
to hydrogenlyase which catalyses the reaction 

HCOOH-*-H, + CO,. 

a reaction that Woods (1930) showed to betecersible Strains of ilief eofi that prodnoe 
no gas have no formic bydrogcnlyase (Ordal and Ralvorsen 1939) Formate is not neces- 
sarily the intermediary in hydrogen prodoctioD, for though Cl tdanomorphum produces 
hydrogen from dextrose and pvTuvalc it will not do so frra formate fW oods and Chiton 
193~) As we shall see in the section on pratcui metabolism the hydrogen may also 
be produced by the hydrolyt o deamination of amino-aada. 

8o far we have considered examples of anaerobic breakdown of catbobjdratca. 
These substances are incompletely oxidized and the partly oxidized substrates 
often act as hydrogen acceptors promoting the further oxidation of substances 
occumng in another chain of metabolic events The ntilization of molecular 
oxygen re«ults in a more complete oxidation and the liberation for cell synthesis 
of more free ener^ than can be obtained by anaerobic glrcoly^is 

Many bacteria ars unable to utilize certain carbohydrate enb<tanc» uule^ 
oxygen either inolecubiT or combined is pTe®€nt Thus Bad coli guppbed with 
organic acids such as lactic fumaric euccinic or pymne as sole sources of carbon 
will not grow except in tbe presence of ait (Stephenson and Whethaio 1924) 
With the addition of nitrate anaerobic growth tales place oxidation of the organic 
aeid being achieved at the expense of the nitrate which is reduced to mtnte 
The activation of the mtratc to become in terms of Wieland s hypothesis, a hydrogen 
acceptor u due to a specific enzyme which Bad ctJt happens to posses» in common 
with other bacteru capable of both aerobic and anaerobic dtssimilabon 

The participation of o^gen as a hydrogen acceptor m glycolysis does net 
nsoally tale place without tbe mtenention either of earners or catalyst* or loth 
The cj'tochromeMjytochtome oxidase systems inTolnng hscmin compound* 
appear to be the mo<t important in this respect though certain bacteria contain 
respiratory pigments which enable them to utilize oxvgea after the cytochrome 
systems have been poisoned by cyanide 4s an example we mav cite the pigment 
pyocyanin found in Pfeudomonas pyocyann which Fnedheim and 3Iichaelis (1931) 
showed to be aatondizahle Green SticUand and Tarr (1934) demonstrated 
Its abflity to act a* a hydrogen earner between pair* of dehydrogenaie systems 
studied in the test tube Added to suspensions of pi'mient free strains of P<ei da- 
monas pyecyanea pycejumn strongly stimulates tbe oxygen uptale (Fnedheim 
1931) The stimulation may in part be due to the addition of an efiective earner 
between dehydrogenase and cytochrome eysttms but m certain circumstances 
(Fnedheim 1934) the pTOcramn cames hjdrt^en directly to molecular oxygen 
The nolet pigment of Chromobadenum nolaeeum acts m an analogous manner 
Chr vtolaeeum frequently gives nse to non pigmented variants, which suspended 
in a buffer solution tale up oxvgen at a moderate rate A solution of the pigment 
of Chr rwlaeeiim tales up no oxvgen but the addition of the dissolved pigment 
to the suspension results m a two- to three fold increase in oxvgen uptale (Fned 
heim 1932) 

Many organisms contain enzyme systems for both aerobic and anaerobic 
glycolysis the predominance of one sj^m or the other m the cell at a given 
moment depends on the presence or absence of molecular oxygen in the eniiron 
ment. The mere presence of oij gen howe^r does not necessarily impose aerobic 
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glycolTSis on tlie organism Stepbonson and 'Wbetbam (1924) compared the 
aerobic and anaerobic breakdown of dextrose by Bact coh in a free supply of 
air The breakdown in the early stages of growth was almost anaerobic , oxrper 
uptake was minimal, and lactic acid and omilar incompletely oxidized eubstaiKea 
were produced During the later stages of growth, when the release of free energy 
from these incomplete oiidatioas was dinunuhiag atmospheric oxygen was freely 
utilized and COj given off 

A large number of carbohydrate aubstances are known to be attacked by bacteria 
they range from 3 carbon compounds through pentoses heioses and dmecharides to 
polysaccharides like cellulo® starch and dextrin Slany of the bacterial species that 
attack hexose sugars also ferment the related bexabydrio alcohols mannitol sorbvlol 
and duleitol which are apparently broken down in an analogous manner By analog) 
with 3-east metabohem the breakdown of the moro complex disacchandcs and polyaac 
chandes is presumably achieved by a prelimmaty bydRdysis to simple sugars Saccharose 
isfirsthydroly^d to a mixture of dextrose and fiiictoee , lactose to dextrose and galactose 
and maltose to dextrose, the enzymes concerned are, reapectircly mvertase lactaso 
and maltase When hydrolyaia has reached this stage the utilization of tho hexosa 
sugars proceeds along the lines indicated above Direct evidence tliat this is the nomal 
mode of cleavage of disacehandes in baclena is scanty (see Fleming and Neill 1927) 
Sloreover, some yeasts ferment certain complex sugars at a greater rate than they ferment 
dextrose a faet difficult to reconcile with the hypothesis of a prehmuiary breakdown to 
the simple sugar (see SobotLa and Eolzmso 1934 Nord and Bngel 1939 0 Connor 1940 
Leibowitz and Heatna 1942) Wngbt (I93d 1937) finding that certain milk streptococci 
ferment lactose and saccharose more rapidly than they ferment tbe constituent mono 
saccharides suggested that m bacteria also tbe disacrhsndes may be attacked directly 
without previous hydrolysis to monosaccharides The production of acids from saccharose 
by a number of bacterial species tnduding 5ac( colt was inhibited by low concentrations 
of lodoacetic acid and yet no reducing sugar could bo found m the test cultures The 
concentration of lodoaoetic acid was nevrotbeless msulScient to inhibit the hydro!) sis 
of saccharose by yeast invertose 

Little is known of tbe processes of carbohydrate synthesis in bacteria The 
best'established synthesis is that of 4-csrboQ carboxylic acida from 3 carbon 
compounds and CO* (see Werkman and Wood 1942, van Niel et al 1942, Evans 
et al 1943} Among the more complex compounda, we may note the formation 
of the polyglucoside dextian, and the polyfroctoside levan, frotp disacebande*, by 
tbe action of cell free extracts These polysaccharides ate contained in tbe capsular 
material of several bacteria Hehre and Sagg (1942) produced a serologically 
specific (p 279) dextian by tbe action on sucrose of a cell free enzyme preparation 
from Lcuconoslac me^enteroiies Hestnn and Avineii Sbapuo (1913, 1914) studied 
the SoTSsatida of levan from sdcjorb and laffinose with enzymes extracted from a 
strain of Eoct aerogenea They suggested that the energy requisite for the synthesis 
of tbe polysaccharide might be produced by the breakdown of part of the substrate 
into an aldose 

The Action of Bacteria on Proteins and other Nitrogenoos Substances —Tbe 
breakdown of proteins that occurs under natural conditions has long been known 
to depend on the action of bacteria This proteolytic activity is boweier, con 
fined to particular species many of which ate anaerobic , it is at least doubtful 
whether ei en tbe proteolytic «pccies are aUe to utilize complex proteins for growth 
in the absence of other sources of nitrogen 

Bunbndge (1911) found that many bacteria, including Pnlevi fufjons, Bad 
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cofi and Btaphylococci, were unable to grow in solutions of pure egg albumin 
or of serum proteins, but that Proteus vutgans was able to break down such com 
plea; proteins provided that a sufficient supply of mtrogen m an assimilable form 
wasT’added to the medium Similar results have been recorded by Rett'^er and 
bi3 colleagues (Speny and Rcitger 1915, Rettger, Berman and Stupes 1916, 
Berman and Rettger 1918) Of 8e\en>l gebtin bquefying bacteru gtuded by 
Berman and Rettger, none conld utilize egg albumin in the absence of other sources 
of nitrogen Only three species, B tuUitts, Chr prodigiosum and Proteus wlgurts, 
could break down peptone Bith proteoses puniied by precipitation, B subtilts 
and Chr prDdu;ios»m caused complete breakdown Only B subtilts, Chr prodi 
ffiosuvi and Protetis vulgans could attack casein B »MAti7ia and Chr prodtgiosum 
could not only bquefy gelatin, but could use it as a source of nitri^en , but such 
organisms as Staph aureus or Bad etaac'e, altbousb they caused rapid hque 
faction of the gelatin when provided with another source of nitrogen for growth, 
showed no ability to nbtize the liquefied substance 

The initial stage of liquefaction of protein gels like coagulated serum or gelatin 
IS brought about by protcinases that by opening the peptide Imkage, reduce the 
protein to polypeptides and dipeptides- The bacterial proteinases are readily 
separated from culture by filtration, and apparently act extracellularly The 
breakdown into coostitnent aminO'acids js effected by polypeptidases and dipepti 
da«ea The peptida«es have been studied m yeasts, but, being apparently for 
the rao«t part intracellular they have as yet received no extensive study in bacteria, 
for, as noted on p 53 adequate methods of extraction of mtracellulat entymea 
have not long beeu available 

Many of the anaerobes are conspicuous for their ability to break down complex 
proteins, and the metLod of cleavage has been studied by <everal workers (^tolf 
and Hams 1916 Hams 1919, Wolf 1919u, 6, see also Wol and Kocholaty 1937, 
Koebolaty, Weil and Smith 1933 van Hemingen 1940) From a study of the 
proteina«es of Chr prodigiosum, Ps pyoeyanea and Ps jfuofftjcCTis hq^anena, 
ildschmAna (1937) concluded that enzymes of the different bacteria were identical, 
but were not of the same tvpe as the ammal proteinase tryp«in or the plant 
proteinase papain 

The hydrolytic degradation of protein is apparently due to the action of special 
ized enzymes which are produced in adequate amount when the bacteria con 
cerned are suppLed with immediately assimilable food material includmg nitrogen , 
dunng then consequent growth they arc able to produce sufficient enzyme to 
initiate protein cleavage and thereby increase the available nitrogen. 

Bacteria utilize ammo-acids in a vanctj of ways, ausilar m extent and complexitv 
to those that have been described for the utilization of carbohydrates. As m our dis 
cossion of those eabstances, we can do no more than note some of the biochemical processes 
concerned , for greater detail the student is referred to the monograph of Stephensem 
(1939) and the renew of Gale (1940) The ammo-acids mar be deammated to the 
corresponding hydroxy acid by desaturation at the tt-fi linkage to give the unsatnrated 
acid, by reduction to give the saturated aad by reduction and decarboxylation to give 
the hydrocarbon , or by oxidation. Decarboxylation results in the corresponding STnme 
Neither decarboxylation nor deaminaticRi are processes yielding mneb energy, and in 
bactena with altemahve eneigy yielding mechanisms, like the streptococci (see Klin s 
mann and Dramhurg 1937} the reactions are oot important in the bacterial economy 
Where the ammo-acid u one of the chief sonrees of food oxidation to compounds with 
fewer carbon atoms provides the requisite energy for synthesis, etc The formation of 
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iQcloIe from tt^T^toplian wtich u widely nsed &s e. qualitative biocliemical test in the 
identification of bactenal species, provides a good example of the brealdowo of an ammo 
acid Thiclw washed suspensions of Bad cof* m phosphate buffer will convert tins ammo 
acid indole * anuno propionic acid) to indole m the presence of oxygen The oxygen 
tihen up corresponds to the complete oxidaliem of the side chain to carbon dioxide and 
water {Woods 193o) Ift the absence of air the compound is only deaminated with the 
formation of a indole propionic acid TTio mechanism of the oxidative attack is obscure 
and many complex senes of steps have been proposed for this aerobic dissimilation but 
the recent work of Fildes (103S) and Baier and lUppold {1940) su^t that one enzyme 
a tryptophanase is responsible for the action breaking the link between the indole nng 
and the a carbon atom of the aide cham The oxidation of the s de chain to ammonia 
COj and water folio w after the hbeiatioD of the indole A similar mechanism but one 
involving a diiruption and resyrtheeis of the utdole nucleus is proposed by Krebs Hafez 
and Eggleston {1942] 

The observation that a free supply of a fermentable carbohj dratc will spare 
aroino-acids peptides or proteins in a medium was established by several workers 
(see Hirschler 1836 Smith 1897 PecKham 1897 Olenn 1911 Kendall Day and 
Walker 1914 Kendall and W alker 1915 Jones 1916) The hypothesis of protein 
«parjng formalated on the analogy with mammalian physiology was deduced 
from the fact that ammonia production m the medium was largely inhibited by 
the carbohydrate But as St^henson (1939) pwots out the analogy is imperfect 
for. m the mammaban case the sparing is judged by a diminished excretion of 
urea an end prodnet of metabobsm whereas ammonia ma> be a source of energy 
for a bactermm Indeed Raistrick (1919) and Baistncl and Clark (1921) hsie 
shown that m a medium contaimng known anuso'aods their decompoMtion is 
increased, sot lessened by the addition of the fermentable substance glycerol 
The ammonia produced m these circamstances is undetectable since it is utilized 
by the-bactena for synthesis It may be noted also that Berman and Bettger 
(1918) were unable to demonstrate aoy protein sparing as the result of the addition 
of caibobydiates except m those instances m which the rapid fall in pH resultmg 
from carbohydrate breakdown caused an inhibition of further bactenal growth 
and that Heap and Cadness (1924) have shown that the presence of glucose greatly 
increases the rote of H,S production from peptone by an organism that forms 
this ffas during protem-cleavtige In regard to the cleavage of more complex 
protem molecules de Bord (1923) has shown that the addition of a fermentable 
carbohydrate to a protein containing medium causes an increase in the concen 
tration of anano-nitrogen induced by bactenal growth These findings are in 
accord with later observations by Kcodall (1922) which indicate that the effect 
of added carbohydrate is to lessen the attluatioa of proteins as a source of energy 
not, as mtiturHA for ayntbe^ 

A axanh^T of anaerobic bacteria belonging to the Closlndium group are incapable 
of gross utilization of carbohydratea (see Chapter 36) and are dependent upon 
ammo acids as energy sources Although bacteria have been described which 
find adequate energy sources in (be emplojiiient of chemical mcchamsms that 
from the formal tberraodynaioic pomt of view are comparatiiely unrewarding 
the Tigorous growth of the clostndia in media containing protein or protem digests 
has stimulated the search for other anaerobic energy yielding mechanisms Stick 
land (1934 193o) demonstrated a number of ammo-acid dehydrogenase systems 
in Cl sporogenes Certain ammo-acids (alanine valine and leucine) were hydrogen 
donators and others (glycine proline and hydroiyproline) hydri^en acceptors. 
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He noted that it wotdd be difficult to ptcture any reaction by which a smgle amiao* 
acid could break down anaerobically to yield energy, and that the moat probable 
reaction wonld involve two ammo-acids, hydrogen bemg transported from one 
to the other by the action of the bacterial enrymes The general type of such 
a reaction might be represented as 
R CHXHjCOOH + R CHNH, COOH -f H,0 

-► R CO COOH + R CH, COOH + 2NH, 
Stickland demonstrated paired oxido-redacttve deaminations of this kind between 
alanine and ptoline cysteine and argmme Woods (1936) Bugge«t3 that, eince 
the«e coupled reactions occur at a rate similar to those of aerobic oxidations, 
they may constitute an important part of the respiratory mechanism of the cell 
The same type of activity has been oh«crved inCf Mfihnvm hut not in Cl letani, 
which attacks amino-acids singly (CIiAon 1910, 1912) Another energy yieldinf» 
decomposition was described by Woods and Clifton (1937, 1938) an anaerobic 
oxidative deammation of amino-acids by Cl Manomorphum, in which no hydr<^en 
acceptor is required since molecular hvdrogen is produced as one of the end 
products Hoogerheide and Kocholaty (1938) confirmed the evidence for coupled 
Stickland reactions in Cl tpongenes, and found in addition that gaseous hydrogen 
can be utilised by the organism ccftam aromo-acids acting as hydrogen acceptors 
(see also Woods and Tnm 1912 Guggenheim 1941) 

As with carbohydrates our knowledge of protein metabolism u confined mamly 
to relatnely simple systems iQvoIvtng decompositions, and to defining the species 
of bacterium, aod the conditions m which these decomj>o*itJODS take place Of 
protein synthesis we know very little except that it may be catalysed by enzymes 
that our methods of study have hitherto revealed as concerned only in decom 
position The enzyme aspartame m Baet edt, for example, which deaminates 
aspartic acid to give fumanc acid and ammonia, wiD in suitable conditions catalyce 
tbe formation of aspartic acid from ammonia and fumanc acid (Cook and Woolf 
1928) 

The Action of Bacteni on Fats — It has long been known that many bacteria 
are able to decompo«e fats (<ee von Sommaruga 1891, Rubner 1900, Eijkman 
1901, (iimere 1901, Schreiber 1902, Orla-Jeasen 1902, Husa J903, Sohngen 1911, 
Wells and Corper 1912, Kendall tl al 1914, Avery and Cullen 1920, Stevens and 
West 1922, MichaeliJ and ^akaha^a 1923, NeiU and Fleming 1927, van der Walle 
1927, Collins and Hammer 1931) Tbe bactenal hpase induces a simple hydrolysis 
into glycerol and fatty acid (Tmssell and Weed 1937), and, under smtahle con 
ditions, the glycerol is farther decomposed and the fatty acid oxidized (see Harden 
1930) 

Lipolytic activity is displayed by many parasibc and pathogemc species, 
such as Bad, coU, Staph ourciis, streptococci, the pneumococcus and the tubercle 
IwciUus, as well as by saprophytic organisms. But, here ehewhere, there seem 
to be wide differences m actinty between different bacteria Many of the parasitic 
forms are feebly bpolytic, while certain saprophytic species, such as the bactenum 
isolated by Huss (190S) from milk, are extremely active. 

The actively lipolytic bacteria are of considerable industnal importance, since 
they cause rancidity in batter and other fat-containing foods It is possible, also, 
that such species play some part m sewage-punfidtion. 

It may be noted, in connection with the fiat metabohsm of bacteria, that one 
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specie^ at lea?t, can form fat from wboiydnte (Steplicnson and Whetbam 
1922, 1923) 

Tbe Nshire of Eorrmes and Sda ol EozTma Action 

The elucidation and the nature of bactenal enaymes. their mode of acbon, 
and cren the identity of certain en^mci, which m our present state of know 
ledge arc often tittle more than names attached to something catalysing a lecog 
nmblo reaction, m««t await the »«olatJon of enzymes jn a pure state For the 
most part enzvinca appear to be proteins or closely associated with proteins They 
differ in their su«f eptibility to changes of hydrogen ion concentration, salt concea 
trotion, temperature, and to exposure to various chemicals For example Quastel 
and ooldndge (1927o, b) found that in general the debjdrogcnasei of Bad coJt 
tiehaved in the same way when the bactenal enspcnsions were subjected to inctea«mg 
tenipcmture, pH, exposure to nitntc, benzene, toluene, phenol ether, chloroform 
and propyl aleohoL The first affected were those acting on alanine, glycerol 
plvcol the sugars and clutamic acid , next, those acting on lactic, succinic and 
fumano acid , and finallr the formic and acetic dehydfogena«e« H ith strong 
•olutions of KC\ and to a certain extent snth IT,0, the picture was reversed 
the formic and acetic dehydrogenating systems being the least resistant Extend 
ing these studies to non toxic inhibitors, the anthors (192^) found that the lactic 
dptiTdrogenasc of liart eoli was specificallj inhibited by compound* having in 
common the groups —CO COOII or — CllOIf COOn, and the scccinic dehydro- 
genase by compounds with the groups sC CIIOH COOII or sC CIIjCOOH in 
common On the** groups presumably depend# the specific adsorption of the 
eompoandsalthal part of the cnsymic surface responsible for the activation of the 
lache or the succinio acid, with a consequent inhibition of debydrogenssa 
actmtr 

The mnlUphcity of cnzjmic nclmties exlnbitnl by a simple speoes— Jlact coh 
for instance, is capable of activating oser fifty types of dehydrogenations, and 
both micrococci and itrcptococci exhibit n wide vanety of dehydrogenase activity 
— inspired the doahC as to wJtether each enzyme ^ouW prove to be s eeperate 
chemical entity, on the grounds that the single small bactenal cells would not 
be large enough to contain them (Grey 1924) The problem of accommodatuig a 
largo variety of enzymes in n bacterium n not, however, as difficult as first appears 
To Home extent the production of an cniyme m quantity la conditioned by the 
presence of a substrate in the bactenal environment (see Chapter 9) , so that 
m the absence of the substrate it is necessary to postulate the presence only of a 
few molecules of a given enzyme m order that tbe cell may exhibit tbe enzyme 
activity when the substrate is added The solumo of an enzyme molecule if 
wo take pep’in, with a roolecnlar weight of about 37,000 as a model, will be of 
the order of 20 to 30 m;»* The Nolumc of an aierage cell of Bad coh is about 
7(0 X 10* ro/i* Even if wc assume n major part of this volume is occupied by 
non-enzymic mafenal, there is ample room for several thousand enzyme molecules 

In some cases, however, the mnltiphoty of enzymes may be more apparent 
than real Bcmheim, Bernheim and Webster (1935) observed that suspensions 
of Prdeva vul^ana were able to oxidize practically all the known natural ” 
(I form) amino-acids Stumpf and Green (1944) found that tbs activity was 
due to a number of enzyme*, all but one of which were relatnely unstable, and 
disappeared with ageing of the suspension The reiaainmg stable enzyme, which 
thej alfo found la Bad aercyenta and P$ jt^ocyanea, bid nevertheless a wide 
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range of action and catalv^ed the oxidative deamination of no less than eJevm 
amino-aads. 

Quastel (19'’6) and Quastel and TVooIdndge (IDllTa 1) snggest that the activa 
tion of substrate molecules after tbeir «!pecific adsorption to the eniyme sniface 
IS due to their polanzatioa by cleclncal fields which characterue the “active 
centres of cellnlar and intracellular stractares. The active centres are conceived 
as being dei eloped as the reult of molecular «tTam or distortion of certain groups 
or molecules brought about by the utermolecnlar or intramolecular forces that 
determine the formation of large colloidal aggregates. 

As an alternative to the proce«3 of absorption and activation Woolf (1931) 
snggests that activation results from the distortion of the substrate molecul** 
which occurs when enzvme donators and acceptors combine at the enzymic eur&ce 
Direct endence of such a combination was produced by Stem (1930) who bv 
optical means was able to demonstrate the formation of an intermediate com> 
ponnd not merely an absorption complex between sub«*rate and eazvme in 
the decomposition of monoethyl hydrogen peroxide by animal Iiier catalase 

Besides the configuration of the active groups on the surface of the enrvmic 
parti le their activity mav also b® determined by the spa*ial relationship of one 
gronp with another The oxvgen nptake resulting from the acuon upon lactic 
acid of the lactic dehydrogenase and the cvtochforoe-cytociioine ondase system of 
Bact ech u not mereised if cvtochrome c and cytochrome ecodase from heart muscle 
are added to the mixture (Keilm and Harpley 1911) suggesting that the eomponenta 
of the bacterul debvdrogenase sv*tem are mtunatelr bound to the protem of a 
single colloid particle together with the native cvtochrome syrtem tofotma<mgle 
osvdmuig *v«tem whose effictencv depends on the mutual acc<«sibvUtv of the 
components. Succinic dehydrogenase and cytochrome osdase (Potter 1941) and 
co-enzvme I and cvtochrome e reductase (Lwlhart and Potter 1941) have been 
found in eumlar association on particles produced by cell-disintegration. In other 
words *be efficiency and it might be added the specificitv of an enzyme ^rtem 
depends not only on the int^nty of the components but on tbeir spatial distnbubon 
in the cell containing them. The vanous cytochrome compounds, indeed afford 
an excellent example of the part the so-called protein-carrier plavs in de er 
mining the nature of an enzvme Beceot woil has shown that a common feature 
of these compounds is an iron atom, held by some of its coHjrdination valencies 
to the pyrrol nudei forming a tetrapyriol compound while others attach this 
tetrapyrrol compound to the protein. The actintv of the resulting compound 
t e. whether it behaves as a cytochrome cytochrome oiida«e etc., is determined 
by the nature of the protein. It follows that the distnbntiou of these respiratory 
pigments for example among the bactena wiD be condihoned more by tie nature 
of the proteins available for conjugabon than by the distnbnbon of the pvrrohc 
iron componnds (Keilm 1943) 

Certam observations by Penro&e and Quastel (1930) are of interest from this 
point of view There is an organism (Iftcroeocnu JymdetlUfus) that u pecnEarlv 
susceptible to lyns by an active subrtaiice (lyo^Tne) which is confined in vanons 
tis, oes and secretions (see p 10''*0) \ suspension of this organism activstes lactic 

acid glucose Levulose and glutamic acid, among other snb«tance« S4 bvdrogen 
donators. After dissolution by lyozyme the bacteria are found to have lost 
completely their power to activate the hexose suirars and glutamic aad wh3e 
retaimng some M per cent, of their activity against lactic acid 
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Tbe Kutntioaal Re^oirenients ot Bacteria 

Some bacterial species can, live and multiply wten pronded only with \ery 
simple food materials ; others require far more complex substances Orla Jensen 
(1909) distmguisbed three main bacterial groups on the basis of their food require 
rceiits. The groups are 

(1) Bacteria, obtaining both their carbon and lutrogeu from luorgaiuc sources, 
such as CO, CHj, NH, or atmospheric mtrogen itself 

(2) Bacteria obtaining mtrogen from inorganic sources but requuiiig organic 
substances as a sourvc of carbon 

(3) Bacteria demanding oiganie substances as sources for both carbon and 
nitrogen 

The first group consists of antotrophic, tbe second and third groups of hetero 
trophic bacteria The Inmtationa of this grouping have been discussed at some 
length by Knight (1936), who points out that tbe difference between autotrophs 
and heterotrophs is quantitative, the aufotropba using the fat more costly means 
of obtaining tbeir energy, but that tbe quantitative difference is so large that 
it amounts to a qualitative difference This we express in terms of the character 
utic methods whereby energy is obtained for carbon assizmlatioa namely in t)io 
case of autotrophs by the use of radiant eue^ or the oxidation of inorganic com 
pounds, iji the case of heterotrophs by use of carbon compounds already partly 
synthesized ou the paths leading to protoplasm Knight's monograph, tshich 
has been drawn on freely lo this and the following sections should be consulted 
for details of the argument Like those who have previously attempted a classifi 
cation of bactena upon nutritional grounds he arrenges bacterial species in classes 
corresponding to increasing complexity of nutritional requirements, but maintains 
that these are to be regarded only as stages, which merge into one another , there 
arc, for example, heterotcophio bacteria that with training can adapt themselves 
to AD autotropiuc axisteDCe, Vfe aball proceed to discuss the different nutritional 
types under the headings of Knight s four stages 

Stage 1 — Carbon is assimilated as CO, and Nt/rom inoiyanic sources, especially 
ammonia The energy required for this asstmtlalion (the reduciton of ike COx and 
(he synthesis of protoplasm) is dented from the oxidation of stmpk tnorgamc com 
pounds, or from the use of radiant and ^etntcal energy 

The classical studies of autotrophs in Stage 1 have been made upon soil organ 
isms, especially those concerned in the rutrogon cycle The nitrosifying bactern 
of the soil obtain energy by the oxidation of ammonia to nitrites, the nitrifjnng 
bactena by tbe oxidation of nitrites to nitrates Therelstioa betireei! thoainoioma 
or mtnte oxidized, and the CO, assimilated, is a quantitative one (Winogradsky 
1890a. b, c) Among tbe substances oxidized by autotrophs are molecular hydrogen 
(Kaseter 1905, 1906, NiMewski 1908) and sulphur and sulphur compounds 
(Winogradsky 1889) A special class of iMictena obtains energy bj- a photosynthetic 
mechanism depending on. the action of bght on a cell pigment and in this respect 
forms a link with the blue green algro and the chlorophyll containing higher plants 
These photosyiithcsizing species include the purple and green «ulpbur bacteria 
(see van Kiel 1931, 1933, 1944, Muller 1S33, Eoslofson 1934, 1935, and Gaffron 
1934, 1935, 1944) The purple sulphur bacteria contain a red and a green pigment, 
the green alone being concerned m photosynthesis , H,S is oxidized to sulphur. 
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and tbe sulphiu to sulphate The green snlphur bacteria also utilize oadmu" 
it to sulphur 

Stage 2 — Energy and carbon compounds osjimila/ion ore denred by ufi7i^tion 

of carbon compounds more reduced than COt trht^unolasnmxlated bj theassxmila 

lion oj nitrogen from simple sourcw (Nf Nff, AO,) the orgamms can synthesize 
their protoplasm 

In this group are found a fen* species otOmng carbon monoxide methane and 
other hjdrwarbons Of particular interest is B oUgocarbophUus which though 
capable of obtauung its energy by the oxidation of CO can also utQize ample 
organic compounds hie formic acetic and but}mcarids(LantX3ch 1922} constituting 
a traoational type between Stage 2 and Stage 3 

Stages — Energy and corhon eompouids /or assimthrlion are dented hj vhh^ton 
of carbon compounds more reduced than CO, amino-ocids are reguired for nitrogen 
assimilation some as specifie components for the synthesis of protoplasm ammonia 
mnnol be used as a nitrogen source 

Stage 4 — Energy and carbon compounds for astimdalion are denred bj ultlualwn 
of carbon compounds more reduced than CO, j4n arro y of amintHicids are needed 
for nitrogen assimilation as speeificeomponentsfor synthesis of protoplasm. Accessory 
yrotrtA-promofin^ substances ore also fcjwireJ some organisms regumng f ore than 

Knight regards tbe notntional senes obtamed by arranging bactena m order 
of iscrea«mg complexity of nutntional reqmrements as a piossible model for tbe 
eTolntion&ry process that has produced tbe bactenal species at present m existesce 

The interpretation of species differences along evolutionary lines is of necessity 
speculative and particularly eo among the bactena 

The autotroph capable of obtaming its energy from simple carbon and mtrogen 
compounds provides us mth a possible model for the forms of life that first appeared 
m BU environment presumsbiv conastmg of bttle but what we now regard as 
morgaiuc compounds But it does not by any means follow that the onginal 
bactena had m fact a complex metabolism of this land capable of building com 
plex proteins carbohydrate® fats and Titamins from the Eimple«t material^ On 
this basis we might 8uppo«e that hctcrotrophs evolved from autotrophs bv adapts 
tion to environinenta ncher m oigamc matter whereby they were able to dispense 
with enzymes concerned in the synthesis of less complex compounds TVith 
increasing parasitism th^ orgauisms would increasingly lose synthetic power 
until a stage was reached when the pars'ite was, perhaps dependent on another 
hving organism not only for the supply of already synthesized complex food 
materials but for the mamtenance of a strictly regulated envutmment to utilize the 
food Thus we should progre<5s from the bactena m Stage 4 to «tncter parasites 
like Myco leprce and finally to the ncfcettsiae and the Timses which need the specific 
environment of the cytoplasm or nucleus of certam cells for their development 
and have few or no demonstrable metabolic processes 

Tbe evolutionary process mar m fact have gone the other way the highly 
complex autotroph being the final stage of a process which started in a vires hie 
organism proceeding by the gradual acguisibon of new assimilative and svnthetic 
powers. 

The study of natural and induced bactenal vanation (Chapter 9) gives us 
no valid mdication of trends in nutntional evolubon Yanabon proceeds m both 
direchons £a«bdi0U3 strains of Imuted synthebc powers may be trained to utilize 
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but an undetectable though essential trace of metal may also be prc'^•nt (cf the 
necessity for molybdenum in the fixation of nitrogen by Azolobacter , Burk 1954) 
A particular mgredient may play no essential part in the metabolism of the 
bacterium but promote groirth by nentralizing a tone substance in the medium, 
or by changing the physical state of the medium (see, for example, 0 ileara 1937) to 
one more suitable to essential metabolic processes Thus the addition of charcoal 
to a medium is said to impro^ e its growth promotmg properties for gonococa 
and memngococci (Gloss and Kennett 1939) and for tubercle banlh (Nassau 
1942) According to Glass and Kennett, the charcoal acts as an adsorbent of 
inhibitory substances in the medium^ perhaps toxic metabohe products, or by 
catalysing certain oxidations Substances e\en more inert than charcoal are 
beneficial to growth For example. Bact eoti will grow better in distilled water 
contaimng COt and ammonia if talc is added, the talc acting presnmably by reason 
of a surface action that renders the gases more available as nutrients (Bigger and 
Nelson 1943) , and low concentrations of agar, by reducing the rate of diffusion 
of ox)gen from the air, stabilise redox potentiaU ohtaimng in fluid media at 
levels suitable for the growth of anaerobic bactena (Reed and Orr 1943 , see also 
Gould 1914) Zobcll (1943) in a study of tbegrowth of bactena found in Bca water, 
concluded that solid surfaces promote growth by concentrating nutnents through 
adsorption by pronding a rcstmg place for bacteria, and by retarding the diffusion 
of exo-enzymes and hydrolysates away from the cell, thereby enhanemg the assimila 
tion of substances hydrolj^ out«ide the cell Certain proof of the participation 
of a given ‘ essential nutrient ' m bacterial metabolism u difficult to obtain 
though the markiug of food substances with radioactne elements (see COg reqmro- 
mests below) may increase the certainty Assummg that a basal me^um baa 
been established, of which separate mgredienta are free of impurities, we are stiU 
faced with Aarious difficulties Gladstone (1939), for example, grew a strain of 
the anthrax bacillus m a defined medium containmg a number of amino-acids 
The medium ceased to support growth if either valme or leucine was removed, 
and supported growth feebly if woleuciue, glycine or cystine was absent Glycine 
and cystine were 8ub'>equently proved to be synthesized by the organism, bnt 
the three remaimng acids were apparently essential for growth However, the 
medicm could be made to support growth by the removal of all three ammo-acids , 
smgly, each had a toxic effect , that of raline was counteracted by leucine, nee tfrsa, 
and that of tsoleucme by valme and leuane together None of them was an 
essential nutrient (In this connection see al :0 McLeod and Wyon 1921, Wyon 
and McLeod 1923 Huggierim 1933) Again, the nutnents may be tested m too 
complex a form, and a precur^r of the substance prove equally effective. Thus 
Stauh Quieus requiea thvawusv (wtaasua B| Ksagbt 1937), bvit it, «.» ayvitbesMe 
thiamm if the two constituents, thiazole and pynmidine, are substituted in the 
medium (Knight and McIIwain 1938) 

Considerable difficulty arises when we attempt to define the meanmg of the 
term “ essential nutnents ” TVe may define them as essential for growth of a 
bactenum no matter bow that growth may be achieved In that case we must 
to some extent ignore the changes that the experimental procedure may mduce 
m the bactenum, for its properties in the final medioin maj be markedly different 
from those in the startmg medium IVe may illustrate this by the nutation of 
the typhoid bacfllns Braun and CahnBtonner (1921, 1922) grew Salm typht, 
Salm parafi/ph B, and Saltn enlerUtdts in media containing mineral salts, vanous 
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tlitee and four carbon organic acids, aad anunoaiam salts as a source of nitrogen 
One strain ofSalm lypJtt failed to grow on any of the media, nor would it grow when 
glucose was substituted for the organic amds ns a carbon «ource , but it grew when 
provided with tryptophan The vaxiation in the tryptophan requirements of dif 
ferent strains of Sa?m lypln was studied by Fildes and his colleagues (Fildes, Glad 
stone and Knight 1933 Pildes and Knight 1933) The organism grew in a basal 
medium containing sodium citrate, magnesiutn sulphate phosphate buffer and 
glucose, together with fourteen aimno acids alamne glycine valme, glutamic acid 
asparagine, tyrosine, phenylalanine, piolme histidine, atgimne, leucine, lysme, 
cystine and tryptophan Any one of the first ten could be omitted without affecting 
growth , the omission of leucine or cystine caused delay in growth, and in the 
absence of tryptophan there was no growth The concentration of tryptophan 
necessary for growth lu the presence of other sources of mtrogen was as little as 
0 0006t per cent Next, two gtrams of Safm typhx were trained to grow in the 
absence of tryptophan, with ammonium chloride as the sole source of nitrogen , 
they had evidently adapted themselves to synthesise the ammo acid for it was 
demonstrable in the bacterial cc)l by the glyoiyhc reaction It would seem therefore 
that tryptophan is on es«ential constituent of the typhoid bacillus that most strains 
when first removed from media that contain it are unable to synthesize it but that 
they can be trained to do so by gradually accustoming them to a medium from which 
lb IS absent. Several other species were csammed by the same method (see also 
Fildes 1933, Fildes and Bichardson 1935), and from these observatioos Fildes and 
his colleagues coucluded that tryptophan was essential in the metabolic processes of 
the bacteria studied (an " essential metabohte ’ ) They divided bacteria into three 
groups (1) Tbo«e that can synthesise tryptophan such as autotrophic bacteria, 
and among the potentially patfaogeiuc organisms examined Bad colt Ps pt/ocyanea 
and Sain lyp^t-munum (2) Those that are unable to synthesize tryptophan 
for themselves, but can be trained to do so , ey, certain strains of iSafm typht 
0 cTipfifAencr. 5tapA aureuj and probably J/yco tu^culosxs (3) Those that cannot 
synthesize tryptophan, yet for which it is an essential nutrient , to this group 
belong Cl letam, Cl sporoyenes Cl boCuhnum and B onfJracts As a result of 
analyses of cultures of Sain lypM, Burrows (1939a b) concludes that in no circum 
stances is tryptophan an essential nutrient for the organism but that for those strains 
whose synthrtic powers ate small, tryptophan acts as a stimulant of growth 
The distinction between a stimulant and an essenbal nutrient is important 
for if wo ate to define bacteria studied in this manner by their synthetic abilities 
either manifest or latent, wo may regard otgamsms as devoid of a particular 
synthetic ability, which in fact may have it but in a degree inanf&cient to allow 
growth to take phice , and fater researches may demonatrato this ability either 
by successful training of the organism, or by developing more sensitive methods 
of demonstratmg small amounts of the metabolite m question 

Again, the medinm containing nununom requirements for growth may not 
permit the development of the full chaiactoistics of the patent strain Gladstone 
(1937) succeeded m training certain strains of Staph aurtus to utilize ammonm 
as a sole source of nitrogen Neither coagulase nor a iajmolysin (see Chapter 25) 
was produced in this medium , for the production of optimum quantities of h»mo 
lysm arginme, glycine, prohne, phen^Iatnne and valme were necessary The 
trained Slaph aureus exhibited all its initial metabolic properties when trans 
ferred to ordinary rich laboratory media 
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A nutrient may therefore be defined as a substance that is essential either for 
nunimal growth, perhaps under restneted conditions, of an organism trained to be 
as uneiarting as possible, or for optimal growth The studies of Mueller (1910), 
for example, on the uutntional requirements of the diphtheria bacillus, ha>e 
been conducted on the basis of optimal growth, which he defiues as the best attain 
able upon empirically de%Tsed media In the first case, a medium is sought that 
will promote the growth of at least one of the cells onginally inoculated, and the 
production of a trained culture is most probably due to selection of cells with 
tlic greatest synthetic powers In the second case, not only the icproduction, 
but the ready and profane growth of all the suable cells of the mocnlum is aimed 
at The substances required for this purpose o\er and abore the minimal require 
ment^ arc gcncraUy called stimulants of growth though Lwoff (1933) in his review 
of growth factors for microKirganisms drstinguishcs stimulants from ‘ starting 
factor*’ which are substances essential for the growth of an organism at the 
commencement of its training but which are dispensed witb by the trained organ-sm 
In some cases, however the addition of a starting factor to the minimal medium 
enhances growth and the distinction breaks down A true stimnlant presumably 
acts b} euppljing in abnndancc an essential metabohto that the bacterium itself 
B)nthcsirca only at a relatively elow rale 

Uith the«e reservatioiu m nuad we nav note that for many heterotrophic bacUna 
m Stages 3 and 4 the essential nutnents. carbohydrate, mtregenoos and growth factors 
(ntanuns) hate been defined Among bacteria patbogemc for mao we hate already 
cited &taph avreus and C dtphUttna and to these we may add Sir havwlytKvt (see 
Mcllwain 1910), Group D streptococci (nooUey and Uutc^gs 1940) ■ Sir talmnus 
(Smdey >iven and Sherman 1943), Sir tattu (Niven 1944), and Sir fenalu (Niven 
and Sbennan 1944) , J/yco (u&ercu/ons (see, for example Lockensnn 1942), A rnenin 
gtltdis (Frantz 1042] A ^norrA<r<e (Godd. Kane and Moeller 1944} . Sr aborl\a,niIi 
Uhm and «au (Koeer Sreslove and Dorfman 1941, Koser and Wngbt 1942, McCuUongh 
and Dick 1942) , and certam members of the SalmontSa group (Johnson and Fettger 
1943) The requiremeats of different strains of organisms belonging to the same species 
may vary widely some having greater, some lesser synthetic powers than the strain for 
n hich the essential nutrients were first defined There is a largo number of heterotrophic 
bacterial species for which the essential nvtncnts are as yet only partly defii^ , for 
the most part the carbohydrate and ammo-scid requirements ara readily established. 
For example the mam body of essential nutnents is defined for certain clostndia (Elberg 
and Meyer 1939) , pnenmocoocus Type 111 (Badger 1944) , Br (tdareiwis (Tamura and 
Gibby 1943) , certam pasteurells (Berkman 1943} , and Cl telank (Mueller and Sliller 
1943, Feeney, Mueller snd Aliller 1943 Pickclt, 1943) These organisms are presumably 
in Stage 4, since the rcmaming umdcntifkd factors are usually active in low concentrations 
and are probably acccsHJry growth factors 
The Titomm Iteqniremeats ol Bactem 

In addition to foodstuffs needed for cneigj and syntLcsjs, many of the hetcro- 
trophic bacteria require vitaimos A vitarmn or accessory growth fiictor is an 
essential nutrient active m conceatrotions so *mall that it is unlikely to act as 
an important source of either carbon mtn^en or energy Such substances range 
from ino^anic ions to complex organic substances like thiamin or riboflavine, 
and the majority so far dc«cnbed appear to be in some way connected with the 
function or the structure of enzyme-co-enzyme systems of the organism. It is 
customary to limit the term vitamin to orgamc compounds, but it should be noted 
that, on the ground of their activity in low concentrations, many inorganic sub- 
stances have equal claim to the title In certain conditions, for example, the 
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toxin production by C ihena: is maximal with an optimal coiiceiitfation of 
won as low os 2 8 X 10 * II (Pappcnhcimcr and Jolmson 1936), and maximal 
toxin production by Cl tctani is similarly conditioned (Mueller et aJ 1913) 

It 13 impossible to tc\icu tbt relevant literature of the organic accessory growth 
factors here , summirios of recent wot^. ^iiU bo found m the reviews of LwofT 
(1938) and Ko«er and S-iunders (1933) In nrnit yeirs the identification and 
purification of many ba?tcnal growth factors makes it possible to assign to them 
the role of vitamin As noteti above, try ptoplian is essential for Scilm typhi 
whose nceiU are satisfieil bv a concentration of 000061 per cent , if an alternative 
source of nitrogen is supplied for the synthesis of protophsra Among other 
aniino-acids we may note that cysteine is an essential accessory growth factor 
for S//jph aurcui, being active in concentrations of less than 10 • M, though less 
complex S-compounds can rcjilacc it in a defined medium (Fildes and Richardson 
1937), and glutathione is simihrly essential for \ gtniorr^cea: (Gould 19U) ahmne 
IS a growth factor for C dip^thcno* (Mueller and Cohen 1937) though the organibin 
IS able to produce it from f-carnosme (Mueller 1938) In C tlipMerice ^ alanine 
mav bo the precursor of pantothenic aod, but Ciaiw Handley md Happold 
(1939) found cirtim gram strains of C iJiphlhm(F winch needed both ^ aUniwe 
and pantothenic aci 1 ranlothenio acid is apparently e««cuUal for certain stripto 
COCCI (Mcllwam 1939, 1910, Moolley and Ilutchinga 1910 Schuman and Farrell 
1911), lactic acid bacteria (Snell, Strong and Teterson 1939) BntceUa abort it 
(Kowr, Rrcslove and Uoifman 19(1) Pr morjani (Dotfman Betkman and Koser 
i912}atid<SA /cfRcri (Mcilaiid Dlick 1911) «(rlutaioini vrhich cas be synthesize 1 
by tiic COCCI from glutamic acnl is required by Str hamolyticus (Fildca ami Glad 
stone 1039, Mcllwam I'ltdcs, QLadstoiic and Knight 1939) it accelerates the 
growth of a large number of organisms Of the recognized animal vntamins 
iLianun was first tecognuc<l as a growth stimulant for bacteria by Tatum Mood 
and Peterson (1930) working with the propiomc acid bacteria Slaph aureus 
which aI«o needs thiamin ns an eascntjal metabolite can syuthesuo it from pyri 
midinc and thiazolc (Knight 1937, Knight and Mcllwam 1933) Thiaram the 
phasphatc of which arts tis a co-enzyme in carboxylase systems, probably plays 
a fundament il metabolic role in nil micro organisms (see, for example Quasttl 
and M eblcy 1911, 1912) those for which it is not an essential nutrient being able 
to synthesize it Sonio dyscutcry bactlb for example, apparently synthesize 
thiamin in a defined medium containing mcotinio acid (Dorfman Koser Rearoes 
Swingle and Saunders i939) 

The role of nicotiuic acid has been studied extensively It is an essential 
nutnrnt of Staphylococcus (kniglit 1937, Hobday 1937) C dipMhenw (Mueller 
I937),somedyEcnterybaciffi{ivo8er,i)orljD3naDtfS30iidcrs J3i0} Frofeus (Ftldcs 
1938, Pelczar and Porter 1910) , Brucella (Koser, Breslovo and Dorfman 1941) , 
and nam perlustis (Ilornibrook 1940) , though, os with other essential nutrients 
not all strams of a given species require it The significance of nicotimc acid 
lies in Its relationship with co-enzyme I and co enzyme II, which are respectively 
diphosphopyridinc nucleotide and tnphosphiqiyridine nucleotide It is supposed 
that nieotmic acid, or nicotinamide is qmthesized into co-enzyme I by organisms 
that cannot themsclv es synthesize the pytidmc ting ks we have seen co enzyme I 
IS essential m certain dehydrogenase systems 

Ham injluenzar and Ham para tnfiuen ro have even more restricted synthetic 
powers Sam para tn^uenza requires co-eazyme I already synthesized for many 
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of it5 dehydrogeuations (LwofT and LwofT 1937fl h) According {o Schlcnt and 
Gingnch (1942) tlic co-enzyme can be replaced by the njcobnamidc nboside, while 
a mistnre of nicotinamide d nbose and adenylic aad u inactive The ntiliza 
tion of the nboside may thus be considered the bmit of adaptabilitr of this organism 
(Gmgnch and Schlenk 1944) in the direction of the synthesis of co-enzyme I 
Many bacteria are capable of ^ntbe*mi^ co-enzyme 1 from ampler snb«taEcis 
and can therefore stimulate the growth of the inflnenzalind para induenza bacilli 
by reason of their co-enzvme content. For instance certain lactic aad bacteria 
can utilize the punne and pynmidine bases (Stohstod 1941] and Cl te'am the 
punne base alone Tbe conception of nicotimc acid simply as a bmlding Vocl 
for co-enzyme I in all bactena has recently b«n questioned bv Saunders, Do'finaa 
and Koser (1941) In a deficient medium the stimulating effect of co-enzyme I 
on dv«entcry bacilli was less than that of the nicotinamide *Tippo«ed to «erve for 
it« synthesis Co-enzvme I «pbt bv hydrolysis on the other hand was as active 
as nicotinamide. It is posjble that in this case the nicotinamide may be ntihzed 
to form a respiratory hamoehromogen with hxmiD The close relation of nico- 
tinic acid with glycolysis u illustrated by the action of Salm. jwra/ypAi A and SA 
on fermentable carbohydrates. According to KbgTer and Grossowicz (1910 
1911) mcotinic aad is not a growth promoting <mbstarce for these organisms. 
In Its ab«enco there is a «low and partial aerobic glycdvsis, and m consequence 
only a »low protein divarmlation. In its presence good growth occurs and the 
carbohydrate is rapidly oxidized with the production of CO^. In Staph evms 
nicotuuc aad is e-veutial for tbe oxidation of glucose which tinder aerohie con 
ditions is converted into pvnmc and bctic acid*. Tbe addiuon of thiamin as 
well permits the osdatton of the pyruvate , glycolysJ as a whole zs more active 
and the end products are acetic and lactic and carbonic aads. In the absence 
of nicotinic acid in a «ynthetic medium glucose has an lohibitorv effect on growth 
perbapa by inteifenng with the oxidation of the essential ammo-aads present 
(Rhgler Grossowicz and Bergner 1943a b) 

Just as the mfiuenza bacillus is incapable of ^mthesmng the co-enzyme needed 
for Its dehydrogena«e srstems lo the fame way it requirea a supply of hTuun 
ready made for incorporatiou ra the enzyme systems concerned with oxygen 
transport. It has long been known that Hwm ir^unu® requires hsmatin (the 
X factor see Clmpter 33) and that grown anaerobirally the organism can dispense 
with It Lwoff and Lwoff (I^'S'c) concluded &om respiratory studiea that tbe 
htematm was needed for the synthesis of cytochrome cytochrome oxidase catalase 
and pcroxida*^* i e. it was essential to the completion of the chain of mechanisms 
transferring hydrogen to atmosphenc oxvgea. 

Atnony other accesaorr growtli {actors of known coinjcsibon weded bactena 
we may bneflr mention nboSann for lactobacQb (Snell and Peterson 1910} and strepto- 
cocci (McBwain 1940 Woolley and Hatchings 1910 and Schuman and Farrell 1941), 
lactoflaTin for proponobactms and etieptoeocci (0il3.Je!i9en Otte and Snog Kjmt 
1936) and pimelic acid for C d phlhmee (4Ia^ler 193~) y>-aisinobeKzoic acid (see 
p 163) pyridoxin for certain streptococci (Pappenheuner and Eottle 1940, Schuman 
HTift Farrell 1941) and oleic acid for C dipAlAentz (Cohen, Snyder and Mneller 1941) 
and ErynptloOtnx (Hutner 1912) 

It be seen (hat tbe majonty of bacterial ntanuns are also ntanuns for other 
organisms, mdnding the higher mamioa^ Pinw-lic a«d ts of partirnlar mtertst, ance 
it has not been rec<^nued as a Titamin in other trpes of orgamsms nor isita componnd 
that seems likely to play tbe part of a co-en^iae m bactenal metabolism Its agmdcance 
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as a growth factor, however has become a little clearer with the identification of biotm 
(duVigneaud,nofroaimand3rcIviUelW2) Witdiera (1901) described a growth promoting 
fraction m yeast extract, to which he gave the name ‘ bios ’ 3Iany of tlie individual 
growth promotiDg sabstano’s in bios hare been identified and include » inositol, I leucine, 
^-ahinine, thiamm and pantothenic acid (see Koser and Saunders 1938) and pjridoxin 
(Schultz el ai 1939, Eakin and Wilbwas 1939) There remained biotin (KCgl and Tonms 
1936), a remarkable growth factor active in concentrations of 10 or less Biotin 
proves to be a keto imidazolido tbiophane valenc acid, and it la possible that pimchc 
acid may contribute the fatty acid chain in the bacterul synthesis of biotm by C d\ph 
thena In support of this, da Vigneaud Sittmer, Hague and Long (1942) found that 
pimelicacidandbiotin behaved alike in the growth stimulation of C diphUiencs Working 
with the mould AspergHlua mger, Eakm and Eakm (1942) showed that not onlv was 
punelic acid a growth stimulant, but its addition to the medium increased the biotin 
content of the culture about twenty fold 

Biotm itself has been found essential for a number of bacteria mcludmg Sir pi/ogeaes 
(Hottle, Lampen and Pappenheimer 1911) Sliiph aureus (Porter and Pelezar 1941) 
sud Br abortus (Koser, Breslove and Doifman 1941) 

Biotm preparations arc apparently essential for Cl ttceiobuljlieum (Oxford Lampen 
and Peterson 1940) Bruedla (Koser, Breslove and Dorfrnan 1941) Sir pyogenes (Hotite 
Lampen and Pappenheimer 1941), and Staph aureus (Porter and Pelezar 1041) There 
are also many factors as yet not fully identified, aoah as an apparently Lpoid stimulating 
factor for the tubercle bacillus (Boiasevam and Schultz 193S) Another vitammhke 
substance as yet unidentified that appears to hare a wide distnbation m bsctma first 
isolated by Kiught and Fildes (1933) (torn a yeast gum, was necessary for Cl sporogenes 
and Cl ioiulmum (Fildes 193fi) It is probably synthesized by a number of organisms 
ineludiag 8atm typhi munum and the tubercle bacillus 

The identity of many bacterial and aotmal Titasuns and the discovery of 
large sumbera of bactcnal species for which the vsnous vitamins are essential 
nutneots, enables ns to use bactena to the oasay of these aubatanccs for therapeutic 
and other purposes. The ntaciua for assay is added in varying eoncentntions 
to cultures of the bacterium for which it is an essential nutrient, m a medium 
lacking the vitanuQ and the growth promoting effect estimated Clearly the 
assay will be accurate only with bacteria whose growth requirements are defined 
m every respect Even «o errors wdl arise, for mmute traces of contaminating 
' vitamiua may be present m the matenab used for the ba'ial medium and the 
preparation of vitamin to be assayed may contain substances which are not essential 
nutrients, but nevertheless have a stimnlating action on growth 

(For a discussion of the B vitaiiun content of media m common bacteriological 
use, see Stokes, Guiineas and Foster 1944) 

The Gaseous Tteqaiiements ol 'Baciena 

Examples of autotrophic bactena ntilmng hydrogen and CO, have been given 
m previous sections, but CO, has been considered only as a roam source of carbon 
CO, may abo act as a subsidiary source of carbon, or as an accessory growth 
factor Reference to Chapter 34 will a/Tord a strttmg eiampJe of a heterotroph, 
which on first isolation from the tissues £aib to grow in air unless 5 to 10 per cent 
of CO, 13 added to the atmosphere Other species flourish only in a siimbt excess, 
while others still require CO, hut m smaller concentrations 

Numerous observations of the CO, effect surest that this gas is necessary for the growth 
of many bacterial species, including anawobes (see for instance, Chapin 1918, Cohen 
and Flenimg 1918, Rockwell and Mc Kh a nn 1931, Rockwell 1921 1923 1924, Rockwell 
and llighbetgher 1926, 1927, Valley and Rettger 1927, tallcy 1928, McT/wd Coates, 
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ITappold Pricslloj and Wheatley 1034 Aitkin Bathng and JLlca lOSf* J^ye and Lamb 
103r Khairat 1930 Fleming 1941 Kcm^nerand SeLLiver 194*’) 

In gome cavs tl e gas stimulates not growth I ul the appearance of some particuUr 
metabol te On artificial n cdia for example Slaph awr»«(Chap 2 j) produces s gmficant 
amountsof its charactenslic toxin m atr «Mitamuig20]ier cent ofCO, and the anthrax 
bacillus its capsular substance (Iranonca 103") in the presence of an excess of CO, 

The use of defined media lias madctbestndyofCO, requirements more exact, Ualker 
(193'*) found that Bad cell failed to grow in a liquid synthetic med um when incubated 
in a current of CO, free air Walker concluded that CO, wma necesaarv for growth and 
that the Hg phase (sec Chapter 4) represented the time taken by the organism to produce 
in its immediate vieinitv a gro vth proraot ng concentration of CO, Gladstone Fddes 
and Richardson (1035) demonstrated a * mibr inhibition for Salm tjph Ft pjoqjrtnea, 
B sublihs B aniJiraet4 C dip/t/er»«r Cl tporoyenes and Cl ircIcAii by the passage of 
CO, free gas through culture media 

The nature of the stimulating action of CO, » not clear Carbon dioxide 
IS utihzcd even by heterotropbic bacteria Wood ami Workman (1936 1935 
1910) and Krebs and Eggleston (1911) demonstrated Jts fixation by propiono* 
bacteria and its probal Ic rolc in the synthesis of a four-carbon chain from pyruvic 
acid Wood and his colleaguca (1910) by using CO, made from the radioactive 
carbon isotope Cn was able to trace the isotope as far as «ncciDic acid £aet edi 
and some clostndia utilixc CO, (Rnben and Eamen 1910} Hes(l93S} on the other 
band suggests that the CO, acts as a catalyser in *everal oxido reduction reactions 
The payable interrelationship of CO, with enzyme systems is evident from the work 
of Pappenheimer and Ilottle (1910) who found that adenrbe aad was a growth 
stimulant for Sir jnjogtnea if the CO, concentration was as low as 0-25 per cent but 
was dispensable if the concentration was raised to 2 5 pec cent Similarly UcCuI 
lough and Dick (1912) found that the incapauty of fortv-one strains of £r o^orttsto 
grow m the ab«eiice of a high concentration of CO, m the atmosphere («ee Chapter 
34) was a^soclated w itb incapacity to grow u a cciUm medium contauimg ammo- 
acids and four ntamiiis After the strains had been trained to grow m air thirty 
of them grew in the ba«al mcdiam 
Aerohiosis and Anaerobiosis 

It IS customar\ to di^xde bacteria into three categones m regard to their 
behaviour towards molecular oxvgen (1) the <Mi<iatonj nnnrroi'rt — or anaeT(Ats 
without the qualifpng adjective — which will grow only when oxygen is rigorously 
excluded (2) the faaill Uive anaerobes which will prow 1 oth aerobically and anaero 
bicnUy i e in the presence or absence of oxygen and (3) the obligatory aerobes 
which will grow only when snppbed with molecular oxygen 

Wost of the organisms in CLi'S (2) — to which incidentally the great majority 
of the Inctena with which we are concerned belonc — are able to grow over a 
scry wide range of oxygen pressures but «ome «pccies prefer a relatively restricted 
range 1} mg well 1 clow that of onlinary atmospheric conditions 

It should be noted tbit m the flat 1 cultures commonly employed in bacteriology 
the degree of oxygenation in cuUnres of aerobic bacteria is I y no means neces 
sarily optimil The oxygen content in the depths of a broth culture may be 
very low (Rihn an I Richardson 1911) In many cases forcctl aention of the 
culture greatly increases growth (see '\\iIson 1930 Rahn and Richardson 1942) 
though the effect may in some casea be dne as much to removal of CO, as to the 
increased oxygen supply 

In a large number of aerol ic and facultatively anaerobic bacteria the capacity 
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to grow in t]jo pre'ence of orj^en and to otdirc it depends on the possession 
of A cytochrome cytochrome oTidi-ie ^tem The molecular oxygen may, how e\ er 
1 ft utilized hy other re-piratory mecham ms foe some facultntire amerobes h%\ c 
no cytochrome ^^he^l the organisms are depmed of oxygen the predominant 
metahohe mechanisms cliange with a conseqoent change m the natntional require 
ments o{ the organism It was Pasteurs observations on the different metabohe 
prwiucta associated with the aerobic and anaerobic gronlh of certain bacterial 
species that led him to phee so great an emphasis on the absence of oxygen as 
a determinant fictor m bacterial ferment ition We have already noted some of 
the changes m notntional requirements consequent on anaerobic growth. The 
change may concern eper{q sources or essential nutrients or accessory growth 
factor* Anaerobically 11 tn/wen-e can dispense with hasmatin smee it has 
no need of haimochromogen catalysts for oxygen transfer The pyiimidine ba«e 
uracil 18 required as an essential nntnent in addition to thiamin and mcotmic acid 
when SUipJi aureris u grown anaerobically 

It 13 clear that the respiratory enzyme systems of bactena may be adapted 
to aerobic or anaerobic oxidations It is much less clear however why the strict 
anaerobes should be incapable of growth m the presence of oxygen The explaiia 
(ion of (his inhibitorj action of oxygen so fit advanced has been made in terms 
of oxidation reduction potentials m (he mcdinni or the protlnction hy the anaerobes 
of toxic owdatwn products when exposed to air 

The electrical measunimcnt of redacuig mtcnsit) devclopol in a culture of bacteria 
gives us a positive or negative ralue for (be Eh in volts The greater the reducing intensity 
(bemoronegsiirs this value ThoFliIerelln A eaJture is dependent upon a large number 
of factors Altemtions of pH for exsmple will alter the coneentralion of available 
eketroos and so alter the > h iloroover a particular Eh value cannot be asenbed to 
a particular oxidation reduction system m the culture, but may be the resultant of screral 
systems, each of which indocncxs the observed level according to ita charaeten&tio E o 
Its relative prcdaminancc ui tho culture its tpood of actioo and the poising effect 
ft has upon tho culture as a whole Bat (hough it has proved impossible to sort oat 
aM th(W cKstnbotory hclois, or to any rabd injprrncvs about Eb levels inside 
or at the surface of bactcrul c^lls themselves observations upon the Eh changes in culture 
tlirow some light upon the conditions governing tho growth of aerobic and anaerobic 
I actena For instance the aerobic growth of Sir ftyo^nta in a medium having an initial 
Eh of + 0 3 volt is accompanied bv a gra loal fall in potential to about 0 15-0 2 volt 
The spores ofan anaerobe like Cf tctani will not growioa similar mediom tmless the starting 
Fhisaslowas + 0 11 voU(KnightantlFJIdcslMO) lltough once established Ibeorgamsm 
itoelf mlune tlio Eh to still lower Irveb The limiting potentials that will allow the 
growth of certain bacterial specioa have been determined in a nnmber of cases (see SIcLeod 
1030 Hewitt 1930 GillMpio and Rettger 103Sa b Gillespie and Fortcr 1938 Stephenson 
1039) It appears tliat m general anaerobic ovgamsms unlike the aerobes ore unable 
to rwluee ordinary aerobic media to the Oi levcf at which they can genmnata though 
once growth is estahlwheil they can niainfaio it at a low level , the medinia must be 
partially reduced for tlw cultnro of anaerobes. In bacteriological practice the reduction 
IS usually achieved by the exclusion of molecular oxygen from the culture The reduction 
of osjgen pressure by this means is not however a necessary feature of anaerobic culture 
(sec for example, Kbgler and Guggenheim 1938) , anaorobiosis may be achieved even 
though molecnlar oxjgen has access to tbo medium by the addition of reducing sub 
stances like thioglyeoUic acid (Quastel and Stephenson J926) reduced iron (Hastings 
and JIcCoy 1932) granules of cooked meat {leiqaer and Martin 1929 1930a i>) or by the 
eoncomitant growth of an aerobic organum capabte of bringing tho Eh down to the 
required level (see a1"0 Reed and Orr 1913) II may be that oxygen ptr te is inhibitory 
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but that the prraence of reducing eubstances tn tbo mcdiuza prercnta its direct access to 
the organisms , or the mhibitmg effect may be due to the formation of oxidation products 
through the mediation of cataljsts srhieb arc inactivated m cultures at Eh levcb per 
mitting the growth of obligato anaerobes. The change over from aerobic to anaerobic 
growth may in fact be brought about by artificial inactivation of enrvme svdems Broh 
Kahn and SlirsLv (193S) by cvanido-inhfliition of enzymes capable of reacting with 
molecnlir oxygen induced Bad ttHi to break down glucose anaerobically In the pesence 
of air and it is obvious that similar inhibitions tnav take place as a result of changes 
in metabolic processes that arc reflected in the lower Eh levels of anaerobic culhirfs. 
The nature of the hvpothelical inhibitorv oxidation products b still in doubt- It has 
1 ng been known that certain bseteru ate sensitive to hvdrogcn peroxide (Trangott 1S93 
Freer and Now lOO"’) This sensitivity is associated with aWnce of catalase production, 
n e pneumococcus, for instance produces HtOy to wh eh it is sensitive, and no catalase 
(McLeod and Gordon 1022 Averv and Mewgan 19'’4 Avery and NciU 1924(i h e Neill 
and Averv 192o) Other organisms, like *\tg9 arc moderately sensitive but produce 
neither H,0« nor catalase M{»t bacterul species produce cstalase moro Oc less activriv 
(«cc Gottstein 1S93 L5wer»tem I'KO Rywoseh and Pywosch l^W) The fact that 
anaerolies produce no catalase led McLeod and Cordon (lD23is, A) to sugsest that the 
scnsitiTitv of obbgate anaerobes to oxvgen is due to their readiness to form m its rre«enee 
inhibitorv concentrations of 11,0 The acceptance of this hypothesis depends on th* 
demonstration of oxygen utilization and 11,0, production by the anaerobes m the presence 
of oxvgen SleLeod and Gordon grew the anaerobes in blood media, and infened the 
production of 11,0, from certain colour changes in the medium SimiUr chances, however 
can be produced by reducing srstenuu the absence of air (Anderson and Sari 1034} and 
do not necessarily indicate H,0,. Moreover Cook and Stephenson (l^SS) were naable 
todeaenstrateoxvgeactUixationby C7 epofo^mes m conditions that w^d have detected 
the oxvgen uptake eipiivaleat to the formation of 1 60 900 H,0, in their suspettaoss. 
Other Factors loflaeacing the Growth o! Bactms. 

Hydrogen loo Caacentratloo — For any pvea speacs of bactenum there u an optimal 
and relatively narrow range of pH allowing vigorons growth and a wnier range extending 
on each aide of the optimum over which grow^ oenus less Ti g orou i ly For meet of the 
bactena with which wc are concerned optimal pB lies a little to the alkaline side 
of ncutralitv (pH 7 2 7 61 The range of pH over which growth is posable baa not been 
accurately determined for luanv bacterial spears but for most pathogenic species it 
would appear to extend over some such range as pH 54) to pH SO (see Chap*er 9) 

Tbere are however species that show very distinctive vanations &om this modal 
range of sensitivity djXc&jrfcr for instance is verr sensitive to aads, and will not 
grow in pure culture at a pH lower than 6 o (Fred and Davenpi^ 191S} The acdunc 
bacilb of the genus I/idoUtnllai are on the other hand, ludilv resistant to acids, and 
will apparentlv grow to some extent at pH -jO or even less , though the power to grow 
has not, in this instance been dcosively distinguished &um the power to rtfust the lethal 
action of Jie acid (McIntosh tt uL l‘t22 1*1*4) The cholera vibno is very tohsant of 
alLab reLitiVcIv sensitive to acid Its optimum for growth u pH 7 6-^-0 and its limits 
for growth about pH 64-9 6. The enterococcus affc^ a good example of an organism 
with a wide growth range extending from pH 4 S to pH 11-0 (Dowiik and CruicfahanV 
192S Davis and Thiel 1939) 

Temperature. — He need onlv note m section that for each species of bartenutn 
there is an optimal temperature for growth and a range of temperature over which growth 
IS poeaible For most pathogenic bactena the optimal temperature for growth u in the 
nei^bourhood of 3<*C. and the range of temperature ovw which growth occurs is 
approximatclvlS’— lO’C Hero as elsewhere however there are wide vanatians,especiallv 
when we indude in our survev non pathooens as well as pathi^eiis. In their reactiMis 
to changes, m temperature bactena as a whole display in a striking fashion their eapacitv 
for adaptation to a wide ranne of environmental condibons. 
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To take n few illustntive examples among pathogenio and potentially pathogenic 

specie^ f of» grow 8 l)e«t nt 37“ C , hot will grow at any temperature within the range 

of I3*-15®C \raong the Gram negativo cocci there are characteristic differences m 
reaction to temperature . thusX ^orrhvce.H rneninji/nfia and N cutarrftafij all show 
©itima at almut 37*C , hut the range of growth of /T cafairWn extends from approxi 
mately 18* to -12*0, while A* <7ono^0F«r and A' meninjitii/is show a very restricted 
range of about 30* to 3S*C The different types of tubercle bacilli show temperature 
optima in conformity with the hodj temperatuivs of the host species that they infect 
thus til© human and hortnc types of tubercle bacdlus grow beat at 37* C and fail to grow 

below 30*0 ; tho anan type grow* beat at -KrO, and again fads to grow below 30*C 

while the Cold blooded type grow* freely at 22*0 

As examples of non pathogemo epeelea that depart from the temperature optima 
giren aboro wo mar note (see Buchanan and FaJmer 102S-30) that bacteria hare b«n 
isolated from fish, Innc and similar soorees that groir well at 0* C , while from a rariety 
of natural aources (sod, excreta «)oa and especially hot springs) thermophilic species 
hare been isolated that hare optima at 55* C. or orcr, and aro able to multipl} at a tem 
perature of 75* C Tliwo Ihermophilea are of considemhle economic imporhince, since 
they are a aourcc of difficulty when it i* desired to stenhze any material at a relatirely 
low temperature (sec Chapter 6) 

There appears to bo a definite relationship between tho thermolabihty of enzyme 
swtoms in a given organism, and tho masimnm temperature at which growth occurs 
In a study of eighteen species, including thermopbihe organisms, Edwards and Rettger 
(1037), demonstrated eloso agreement between tho minimum temperatures at which tho 
three thermolajhile respiratort eniywe*— catalase, snceinie dehjrdro^nsse, and cytochrome 
oxidaao — ^ivere destroyed and the maximom growth temperatures The temperatura at 
which tho relatively themostahlc peroxidase was destroyed was not related to growth 
temperatures m this way. 

Tho reUtiOQship also appears to hold for sports, for Lamanna (1942), working with 
eercaty two strains of the spore bearing baoUas species, found an association between the 
maximum (emperaturo at which growth took place and the length of time the spore 
resisted beating at 95* C 

In this eonnection, we may note tho effects of heat on bacteria prior to their growth 
in a given mcdiorn If tlie death of a bactenam depends on the inactivation of certam 
enrymic entcra*, or the destruction of some esseotfal nutrient, we might expect that 
sub lethal degrees of heating would drotroy some bat not sU of the essential metabolic 
functions of the baefenum For irutenoe. yeast rella, increasingly exposed to heat, firet 
Icee their ability to reproduce, and then their fennentative ability (Hahn and Barciea 
1932) The count of viable baetena from cultures subjected to sub lethal doses of 
heat or ultra violet light may be greatly increased if the tc3t media are ennehed with 
blood or extra carbohydrates (Fay 1934, Curran and Evans 1937, Nelson 1943) Davis 
(1040) records a phenomenon he refers to as ” psendo death ’’ among spores of Cl tcekhu 
Only a small number of originally viable spore* resisted a certam exposure to heat 
sufllcientfy to produce cofotues when snbsequcntfy sxdcd on (a a standard agar medrara 
In some cases the area of agar seeded wilU heated spore saspeasion was free of colonies 
after 6 days’ incubation AVhen a fivsh cultnre of Cl uxlcAit was grown on the agar 
adjacent to the original moeulam, a number of the heated spores germinated Pro 
sumably these “ pscudcMlead ” spores vroro without some heat labile substance essential 
for germination, uhich was supplied by the growing Cl fccJrfii 

Other Biochemical and Physiological Activities ol Bactena 

We have endeavoured to present a broad picture of bacterial metaboLsro, 
particularly as it affects the lieieiotrophic oiganisms that constitute the greater 
part of the bacteria pathogenic for man and the higher animals Many other 
actmtics of bactena-the production of pigments and of various toxic substances, 
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their action on hlood celh and Hood piijment# their particular growth require- 
ments — are specialized actnities, *o rharactenstie of particubr lactenal epecie* 
that it will bo convenient to consider them in bter chapters. Mention may 1« 
made here of the work of Held (1937) and Kharocch, Conway and Bloom (1930) 
on the effect of food and inhibitor} ciibstances on the formation of pigment Jiy 
growing cultures of chromogemc Iiactena. and by Baker (1933) on the influence 
of light on pigment production by a species of non pathogenic J/yctA«rfmwm 
In Chapter 9 we shall consider the pfayEiologica! changes that constitute one aspect 
of bacterwl \anation, and in Chapter fi the rebfion of chemotherapy to the meta- 
bolic proces-'CS of bacteria 
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CHAPTER 4 


THE GRO^\’TH A^D DEATH OF BACTERU 

Lest the title of this chapter should prove misleading, it mar be pointed ont 
that we arc not here concerned with the broader aspects of growth, such as the 
temperature and food requirements of bacteria, or their metabolism and respira- 
tion These have already been bnedy dealt with in Chapter 3 In the present 
chapter we restnet ourselves to what we map desenbe as the dpnamic aspects 
of growth — a stndy that deals e&^eotiallp with the rate of change in a bactenal 
population 

Technuiae of Coimtms Bacteria 

Bacteria map be counted m such a wav as to obtain an estimate either of the 
total number of organisms alive and dead, or of the number of liMng organisms 
onlp The first we shall refer to as the Tctcl Court, the second os the VuiUe 
Count Each method is suited to vanons purposes, and the choice of which to 
employ mu«t depend on the type of information desired For manp purposes, 
such as calculation of the generation time of bactena, and the quantitative stedv 
of bacterial metabolism, both methods should be nsed in conjunction 

The general pnnaples underlying the counting of bactena may be bnefly 
mention^ [For further details the reader is referred to textbooks on practical 
bactenology, and for a cntical renew of the different methods that mav be employed, 
with the main sources of error involved, to articles by unison (1922) and Wlaon 
ct al (1935) ] 

(1) Total Count 

(а) Ihred Counting under the iftoveeope of a Stained PrepartUion on a Slide — Kr-t 
deecnbed by Bberlc (1S96), this method hu been u>ed fairly exteosirelr, aod fonos the 
basis of the Breed (1911) method for couotmg bactena in milk. A drop of known Tolome 
is spre a d orer a known area on a slide, dned,fixed, stained, and examined under a miero- 
sbope. The organisms tn a gires nnmber of 6elds are counted, and knowing the area of a 
giTcn field with a partieglar combination of objective, tube length and oculai^this can 
be obtained by means of slide and eyepiece mKrometers— it is posible to calculate the 
total number of organisms present us the ongmal suspension. This method, though 
Taluable for certam puipoecs, is open to a number of technical objections, one of the most 
important of which is that not aH oigamsms— particulaily when dead — stain euSciently 
deeply to be visible under ordinary iHanunatmg conditions. The method, therefore, 
affords an estimate of the nnmberofstamable bactena not necessarily of the total bactena. 

(б) Knghfs VeHiod (1902)— 4 known Tolume the bacterial suspension is mixed 
with a known ToIome of normal human blood. A smear preparation is made on a slide, 
dned, fixed, stamed, examined under tbe mKTOsC^ie, and the number of bactena and red 
cells ui a given number of fields is counted. Since, in the blood of the normal adult male 
there ate about 5 5 milhon red cells per cxuin.. acd since the numeneal relationship of 
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of tbeeo a number of tubes of medium, tuually Jiquid, &re uioculsted with suitable nmt 
quantities Tbe tubes are meubated and from the number m vhich growth occurs, the 
probable number of bacteria m the c^iginal Euspension may be calculated from foimuli 
such as those uorked out MtCrady (1915) Stem (1917) Greenwood and lule (1917) 
Halvorsonand Ziegler (1 033>i &) and Gordon and ZoBell (103S) (For useful tables see 
McCradj 1018 Hoskins 1034 ) This method or one of lU numerous modifications, is 
frequently adopted when an approximate esUmate of the numbers of living bactena m a 
suspension is required It has the great advantage of being appbcoble to organisms that 
cannot bo counted by the ordinary plafmg method It is used for example, in the deter 
mination of coLform organisms m water, becaoso no satisfactory plating medium has yet 
boendevised for differentiating coliformbacJlim mixed culture from other bact«ia though 
sevetal euital \e liquid media are available U ts frequently used in filtiable Tirus work , 
for this purpose quantities of the diliitiMisarc inocubted into a susceptible ammal generally 
bv the intradermal route and the occorrence of a specific skm reaction is regarded as 
evidence of the presence of the organism in the corresponding dilution As HsJvoison 
and Ziegler (1033o b) haie pointed out the method is subject to a very Urge expenmentsl 
error depending mamlv on the numbersoflubeaeccded from thediffcrent dilutions. Even 
with 40 tubes to each dilution the count is liable to vary between about 3S per cent, below 
and 47 per cent above tho true count, while with only 5 lubes to each ddution the cor 
responding figures are —*‘0 and + 260 per cent. The tsetbod is not therefore suitable for 
exact bacterial enumeration. 

(b) Tht Plating iltihod — This is generally peifon&ed by a modification of Kochs 
ongmal plating method. It consists essentially in preUmioary dilotion, if necessary, of 
tbs suspension, the pUtmg out of unit quantities of rutablo dOuhons into a suitable 
■olid medium and the counting of the number of colonies that develop after mcohation. 
The average number of colonies per plate moftiphed by the reoproal of the dilotjan 
affords an estimate of the number of bnog organiams u the original sospennoiL Instead 
of plates, roll tubes may be used Trovided that the bactena are homogeneously dis- 
tasted in the euspenaion, that not more than one species of organism is present and that 
attention is paid to a Urge number of techmeal points, accurate cemnta may be obtained 
by this method. Departure from these provisos may often entail, however, expenmental 
errors of considerable magmtude. (For eources and measurement of errors see Uilscm 
el al 193o Jeiuuson and tVadswortb 1940) 

3Iiles and Slisra (1938) have descnl>ed a method of [date counting in which the bacterial 
suspension instead of being mixed with the melted agar is deposited m the form of drops 
on the surface of the solid medium and the count estimated from the number of colcmtes 
that develop 

The Growth Carve 

If a given bactenom u seeded into a bqmd medium of suitable composition, 
and incubated at a suitable temperature it vnll be found that its growth follow 
a definite course This coarse is most conveniently represented in graphical form 
(Fig 15) tho logarithms of the nombers of bactena along the ordinates being 
plotted against the time tn hours along the absciss® 

The growth curve may be atbitranly divided into four phases (I) The Ug 
phase, a to 6, lasting for a few hours, dnnng which multiplication is slow In the 
early part of this phase there may be no apparent growth , m fact many of the 
organisms may die, so that there is an actual diminution in their numbers, ^thm 
a short time however, growth becomes apparent, and gradually increases mpace till 
the beginning of the next phase (2) The loganthmic phase, h to c, m which regular 
division of the organisms occurs at maximum speed. Since their increase is m 
geometric progression, it follows that when the loganthms of their numbers are 
plotted against the tune m hours they fall os an ascendmg straight line. (3) The 
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stationary phase, c to d, during which the organisms ceaso to multiply at ciaximal 
rate, so that their increase m number becomes less and less, till ultimately it 
ceases , the number present in a unit Tolume remains approximately constant lor 
an appreciable length of time During this phase the number of freshly formed 
bacteria roughly counterhalances the number of thee that are dying (4) The 
phase of decline, d to e, during which the organisms gradually diminish in number 
till dually the culture becomes sterile 

So far we have been considering the viabfe bactena only If however, a count 
IS performed of the total number of organisms alive and dead m the culture a 
different curie is obtained It will be seen that this curse runs more or less 
parallel to the carve of the viable bacilli till the period of decline sets in, efter 
which the two dnerge, the total cime remainiog practically stationary or ri'ing 
very slightly It will be noticed, moreover, that the total curve is throughout 
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somewhat higher than the viable curve The probable explanation of this will 
be given later 

tVo must now consider each of the phases in detail 


The tag Pbsse 

It B important at the outset of any dTOumon on eroiitb to ilrr,aa our t. rjiij 
Failure to do tlua bus been rcspOD-iblo for ameb confa.mii m tbe t.roatli 
imy occur either m lieu or in numbcni. Tbe indniJnal cell may pet proprc-aively 
larccr, or it may d» , da and s" « !■'«*» ‘“f , "'n'*'"' "ze ma) be 

retmed to aa cell enlargement, proaitk m nomben aa cell imillillicatmn 
The obacrealmns of early aotlers in this field (Huller leSj J®'"! 

aaypon ISOO, CopUns 1910, Fenfold 1911, Mingham ami I enfol I 191 1 Che i.cj 
1916, Slate 1911 , EacWa 1918) »ent made almost elcin ively on cell mull.pbea 

t,o„ Theyfoondthatthelagrha«.dnnagah.chl.ttleornamnl^l.cat.o,,,«nB, 

teas affected by a number ot fictors aaeh as the «ze ami age of the imx 'k- 
ftequenej of tranaplantation of the ,SBmt oalton- the natn e of the ortmn,™ 
the composition of the median., arrf the tempentnre at ai. el. I®' “ 

lacnbatcd Generally spealinE the lag pha-« trad, (a) to be long alien a ,n»H 
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inoculum IS used ivlien the inoculum is taken from an old culture rrhen the medium. 
IS unsmtable and when the culture is incubated at a temperature unfavonrahle to 
inaximnl growth and (t) to be short when the opposite conditions obtain The 
most striking factor of all however is the stage of growth of the parent culture 
from which the inoculum is taken Organisms from a culture in the lag the 
stationarj" or the dechne pha*e of gronth fail to multiply for some time when intro- 
duced into a fre<h medium whereas organisms from a culture in the logarithmic 
pi a«e si ow no lag but continue to multiply at the same rate m in the parent culture 
(Muller I**?!)) During the loganthmic phase the orgam_ms are known to be 
multiplying at maximal rapidity and since this pha^e lasts for not more than a 
few hour* it follows that the organisms most all be comparatively young By 
the term young we mean an organi:>m that has been generated withm a com 
paratively recent tune from a few minutes to about an hour The suggestion 
therefore is that young oi^amsms inoculated into a fre<5h medium multiply without 
lag and that old organisms exhibit a lag phase before beginning to grow 

Numerous explanations were put forward to explam the phenomena of lag 
It was suggested by Hahn (1906) that before multiplication could occur some 
essential substance or bioa had to beeicrcted by the organisrnsmto themedium. 
Penfold (1914) modified this view by supposing that certam bodies necessary for 
the ayntheus of protoplasm lad to accurautste rntbin the bactena themselves 
before multiplication became pos.tble Cfiesney (1916) regarded the phenomenon 
of lag as an expression of injaty which the bactena) cell had sustained in its previous 
environment Ledingham and Penfold (1914) po tulated an inberent difference m 
the multiplication rate of the mdindoal cells in the inoculum and suirgested that 
during the lag pha«e a selection of the more rapidly multiplying cells was occumsg 
the result of which did not become iiiamfe«t till tbe beginning of the loganthmic 
stage Expenmental evidence does not support this view (Kelly and Rahn 19?* 
Topley and Milson 1930) 

These explanations need not be discussed further because more recent work 
has brought to Lght one supremely important fact of which the earher ob«ervers 
were ignorant and which goes a long way towards explaining the difference in 
behaviour of young and old organisms. Bnefly •txted tbe lag phase is not a pha.e 
of rest as had been previously supposed but a pba«e of intense growth activitv 
dunng which cell enlargement but bttle or no cell division occurs. The evidence 
for this statement mu^t now be considered in some detaiL 
Evidence ol Growth without Slolbplicaboii donng the Lag Phase 

(1) Increase in Si^ — If s small number of organisms from a 24-hours culture 
of Bad coll for example are seeded into an agar medium which is then spread 
'between a ^ide and a cover ^iass and oV^erved on a warm stage by dark-ground 
illmmnation the first change oKerved is not division but a gradual and pro- 
gressive enlargement affecting a certain proportion of the organisms This en 
largement becomes visible shortly after the preparation has been put np and 
contmues till the organisms reach a certam size when they finally dinde The 
rate at which the e^argement occurs vanes with the different oiganisms m the 
preparation. The time elapsing between the incnbation of such a preparation 
and the first division vanes from about to 3 hours but after the primary 
division has occurred subsequent generations may be produced at the rate 
of about one m every 30 to 60 mmates. Examination of such a preparation 
at the end of about five hours will reveal a small proportion of cells that 
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same tune 1 ml portions of tlie colture were transferred to 100 ml of 5 per cent 
sodium ctlonde solution , tie mutore was allowed to stand for 1 hour at 20’ 
after which a coimt was performed on it, tie numbers being calcnlated in 
terms of the 1 ml of added broth culture The results arc given m Table 1 


TABLE I 


InomUilott. 1 

Orislusi 

JllUr 1 bwir (a 

S per eeet. VsCL 

VorUBtr 
pet test 

0 hours 1 

96,000 

62,500 

14-06 

1 hour 1 

sasoo 

easoo 

24 S2 

14 bouts 1 

OOAOO 

41000 

54 70 


143 000 

33.000 

76-93 

1 J ours , 

2.15 000 

16 500 

93 54 


This table shows that the young bacOb, formed after the culture has entered 
on the loganthmie phase of growth, are very much more susceptible to the action 
of 5 per cent. NaCl solutiou are the old bacilU inoculated at the start — a 
mortality o! 93 51 per cent, os agamst 14-06 per cent In addition it will be sobecd 
that durmg tho lag phase, lasting from 0 to !t hours, though there is no increase 
m the number of bactcru there u a progresave increase m their eusceptibilitv to 
salt eolation Sherman and Albus interpret this as indicating that, during the 
lag phase, the old bacteria which have fc^n inoculated are undergoing a process 
of lejuvenescence, which hte them (or teptoducUon Numerous instances axe 
quot^ from other fields of biology, <uch as the rejoveneteence of Penmactvm, 
the growth curves of colomcs of fnut files, etc., that mar be regarded as exempli 
fymg the same biological law of growth. Prior to active growth, there is a latent 
phaM of preparation, donog which the old cells are being rejuvenated, and fitted 
for reproduction 

Sherman and Nsrlor (I’tlS) made the interr<tmg observation that cells of Bad. «rf» 
taken dnrmg the Ic^nthnue phase cooled gradually to I'C andstoredatthiitcnpcrature 
retained the chanictcrutire of voung bacteria — namelv, abilitv to mnltiplr sntbonl lag 
when transferired to fre»h medium at 3"’ C and prenttr snsccplibihtv to mimical agents 
(in tbu case cold shock) — for as long as 30 davs Cells of Elr lad» on the other band 
rapidlv acquired at I® C the characters of eenesoetice tVbat this difference was due to 
It IS impossible to tav , but the observationa of Sherman and \avIor mav be taken in 
conjunction with those of Anderson and Slennwell (1936), who found that a thermodune 
null, streptococcus (i * one capable of resisting heat at 00® C. for 30 mmntes) with which 
they were working became les rather than more ensceptible to heat donog the lag phase 
Generalizations, therefore based on the behanoor of cohfens bacUh alcme, most be 
accepted with reserve 

(4) Diminution in tfte EleftropJorrfie Change — ^Working with Bacf ct^i, Mover 
(1936) found that when the organisms were introduced into a fresh medium their 
rate of migration m a catapboretic celldecreased during the first two hours, remiined 
low during the thud and fourth hoars, and then rose towards the end of the 
loganthmie pha^e He concluded that the^ changes were proKtblv due to an 
alteration m the electro-chemical state of the bactenal ■mrface during the growth 
cycle 

(5) D«Te<7'«f Suictptib\Uhj to Aon-*peciJie A^lulinahon — Though few ob«orva 
tions have so far been m-ide the te«iilt« recced bvMacgregor (1910) on ar^lntina 
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tion of memngococci by normal serom, Gillespie (1914) on tlie -ylt 'igr'fadnation of 
pneumococci, and Slierman and Albus (1923) on the acid agglntmahon of Boct 
coh, all suggest that young ceUa are less *u«>ceptible than old to non -specific 
agglutination Tks presumably ja due to an alteration in the electric cha^e or 
to some other change on the «ar&ce of the cells 

jSumman’jnp the data yxefded bj (hew o6«fnc/io«f we «ee that during the la^ 
phase of growth there is a progressive enlargement of the cells before dirj'^ioa 
occurs, associated with a rapid increrw in their metaboltc acticitv and tliPir 
susceptibility to heat and disinfectant® Before a cell can dinde it must incrca e 
lu sue The so-called lag phase of growth seems to be occuped maiuly by th 
process of cell enlargement Up to this point all recent worters are in agreemci f 
On two subjects, howerer, there is some discrepancy of opinion, Firetlv do ail 
cells, when inoculated mto a fresh raediam, begin to grow at once ^ In other wor Is 
IS there no such thmg as a true lag phase * It is a bttle difficult to answer tb 
question, but the araihible emdence suggests fairly strongly that aider cemi 
conditions cells introduced into a fresh medium take some time to adjust th i 
selves to the new conditions before they start to grow even in size The dura o 
of this " pha®e of adjustment” varies with the condition® TThde it last® it coa 
stittttes a true lag ph'i<e If the organisms m the moculum ate vigorous and 
unharmed and the tnidium mto which they are introduced is favourable cell 
enlaigemeut may occur at once, and no true lag pha®e wdl be seen If cm the 
other hand they are sufTenog from the tone effects of their previous ennroQiBcnf 
or the medium into which they ate inoculated has an unfavourable pH or ®ait 
content, then some tune may elapse before cell enlargement begin® 

Secondly, ore we justified in referring to the orderly change that occurs in the 
enlargement and divTston of a bacterial cell as a hfe-cyele t Apart from mere 
difference of opimou on the adnaobibty of using such a term the answer must 
depend on whether there is a teal dilFerentution of morphology and function at 
different stages of growth The observations of Hennci (1923) in particular 
leave no doubt about the differences m *ue structure and stsming affinity of 
bacterial cells at different <tage3 of growth but the evidence m regard to their 
metabobc activity IS a bttle conflicting Hershey (1939) for instance maintams 
that the metabohe actintv is the ®anie foe cells at all stages of growth provided 
that it 13 expressed in terms of amount of bacterial protoplasm rather than m 
terms of individual cells It is true that in absolute values a cell m the late lag or 
early loganthmiophaee uses more oxygen and produces more CO, than a ceil m the 
stationary or decline pha«e but this according to Hershey, is merely dne to a 
difference in size of the cells The respiration of any unit amount of protoplasm is 
the same with ceDs at all stages of growth Huntington and VTuishw (1937) and 
Winslow and Walter (1939) howovCT, do not agree with this view They found 
that the rate of CO, production per cubic micron of bacterial 5ub®tance was much 
higher durmg the lag and early loganthmic phases, than during the stationary phase 
They bebeve, therefore that young protoplasm is characteruwl by a greater rate 
of metabohsm and that the u«e of socb a tenn as lifecycle for bacteria is justifiable 
Further evidence is reqnued to settle this important difference of fact 

If we accept the view of inslow and Walter, we shall summarue as foUo^ 

On the ground (o> that newly generated bacdlx m the loganthimc phase, when 
transferred to a fresh medinm start mnltapJymg without exhibiting any lag phase . 

(6) that bacilli from cultures m all other stages show a lag phase before they start 
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dividing , and (e) that dnrmg tbs lag phase the cells are nndcrgomg a rapid 
metamorphosis, re^mbbng that perhaps dcsscnhed hr Child (1915) in the rejnven 
escence of infusoria, flat worms, and marme slgte, which renders them simil ar to 
the yoong actively dividing bacilli of the loganthmic phase it may be concluded 
that the lag pha«e is essentially a penod m which the protoplasm of the old, bnt 
still viable, bacteria m the inocnlum is acqainng the characteristics of }oung 
protoplasm The lag phase appears to be a phase of rejuvenescence 

Loganthmic Phase 

The loganthmic phase is that penod dormg wbch regular and m a nm u m 
multiphcationisoecnmng Increase m the immhet of orgamsms is by geometrical 
progression, so that, if the li^anthms of their numhers are plotted against time, 
they will fall along an ascending straight line If counts are made at intervals, 
it 13 easy to calculate the number of generations diiring the phase, and the length 
of each generation 

Thus if a e= number of organisms at the beginning of a given time 

and b=t „ „ t. „ „ end «, „ •> „ 

then at the end of the first generation. 

5=0X2 

at the end of the second generation, 

i = a X 2 X 2 

at the end of n generations, 

4=0X2* 

To find tbs valne of n, t e the number of generations, we may write 
tog 4 = log o 4* n log 2 
_ _ log 4 ~ log o 

log 2 ' ‘ 

Turther, if there have been n generations in time T, the generation time G can be 
calculated from the formula 

T 

0 = ^ ( 2 ) 

It has generally been held that dunog the loganthmic phase all the bactena 
are ahve and all are actively dividing Thus, as repre«ented in formula (1), 2 
bactena give nse to 4, 4 to 8, 8 to 16, and so on. If this assumption were correct, 
then all the orgarusms present dunng this phase should be viable, and the total 
const would be identical with the viable count. 

This may be true when, as Kelly and Rahn (1932) have found, organisms are 
growing under optimal conditions and are followed for a few generations only 
Observations, however, ou ordinary broth cnlbues have shown that the total 
number of o^anisms generally excels the namber of viable organisms, even during 
the loganthmic pha«e (Wilson 1922 1926, Begnier, David, and Kaplan 1932, Bmce 
1933-31, Jordan and Jacobs 1944) 

The most probable explanation <rf this fact is that dunng the penod of maTimnTn 
growth some of the organisms tlmt are generated fail to tumve. If, for example, 
80 per cent of the organisms produced dunog a given generation continned to live 
and divide, while 20 per cent died, then at the end of the loganthmic phase the 
total nomher of organisms alive and dead would exceed the number of living 
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The jncreaso in Uie lujng organisms irouU stiU occur by gcometncal progression 
and the resultant cunc ol plotting the logantbnis against time would still fall 
on a straight line , the only diltmncc would be that instead of the number of 
organisms being doubled in each generation their factor of increase or ^enereiion 
tnder, would bo 1 0 

TlmsinTal le2 it is supposed ihatonlj SO pec cent of the organisms inoculated 
are viable The ratio of viable to total organisms i c ^ increases wnth each 

generation After about ten generations it rapidly approaches the value p — I 
where psx the generation ladcv The lalue of p can therefore be obtained with 
fair accuraci towards the end of the li^anthmic phase by simply calculating the 
viable total ratio and adding 1 In tl o example quoted it is approximately 1 6 


TABLE 2 

CiUTLATiovs o» Liable *sd Torit Omamsus with a 20 rta cevt DiiTniUTB rra 
CCVEHITIOV 


At lUrt 

At end of lit Gen 
At end of Sod Gen. 
At rad of 3rd Gtn. 
At end of 4th Gen 




! 1000 1000 
) ICOO I 1 400(1000 + 400) 

2500 20t0({400+ 0(0} 

I 400r 3061(2010+ 1 ON) 

06S4 4“0*(300t+ 1639) 


If the Viable and total counts are known both at the start and at the end of 
z generation!, then p cvnlx* aveertamed at an) tin*' during the logarithmic phase 
emcc 



where and T, a= number of viable and total orgamsms respctivelr at the 
start, an I \, and T, = number of viable and total organisms respectively at the 
end of X generations 

1 rpenments on tic grow th of Salm tjphi mttnum la broth have shown that 
the average ratio of viable to total f>Jgai»«ni3 at the cud of the logarithmic phase 
js aiwut 08 This corresponds to a death ratcof alxiut 10 per cent per generation 
and to a generation index of I 8 Ilcnccin calculating t! e generation time formula 
(1) has to be changcil to 

log 5 ~ log o 
” " log 1 8 

Employing this formula the number of generations is greater than by the old 
formula and the generation time ncccssanly ehorler 

It must bo understoo 1 that the /actor of increase to be used m the formula 
may vary with each experiment and can only be ascertained by the performance 
of a total and a viable count on each cnltnre 

* For tlui formula wo aio very much Indebted to Dr H G W Hoare 
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TABLE 3 


Gbowth or Salm <ypAt-fii>nKM Bboth 1032) 


Minnies. 

Tiable Const 
permL 

LcMrlUans 
of tTable 
Cnant 

etc. 

fi — 

1 S, 

( 

0 

Kot coanted 

_ 

— i 

_ 

1 _ 


40 

828,800 

5 0184 ‘ 





SO 

1,539.000 

01972 

710,200 ' 

40 

1 17,755 

M 

120 

4.363,000 

e 6393 ' 

2,824.000 

40 

1 70,600 

100 

fdd 

15,150,01)0 

P-OSiS 

7.TS7AJO 

40 

204,675 . 

' HO , 

200 

32,400.000 

■7 5117 

M^WWWO 

40 

503.500 t 

ISO 

240 

81.010.000 

7-9110 

40.15(^000 

40 

1,228.750 1 

220 

280 

153,000,000 

81023 

74.260.000 

40 

J.856,500 ! 

260 

320 

271,700,000 

8 4341 

iis.eoo.ooo 

40 

2.S95 000 1 

300 • 

370 

334,300.000 

8 5241 

62,600,000 

50 

1,232.000 1 

315 

1 410 

331.400,000 

8 5158 

17.100,000 

70 

244,238 

403 


Instead of plotting the logahthms of the bocfenal otunbcn agaSist time, Lemon (1933) 
has pointed out that intemtiAg infonnation may bo obtained by estimating the actual 
Tate ol gtoTrtli to niut intcTraia of tune. 

IT for each penod of time T the count m K*. X|. 7^) . . . etc. at times if. t„ Ig . . . , 
the foUoTTing fbnnula may be uaed* 


(*Vi - a (N, - 





Contmnons line = JTnmbew plotted loganthflueally against time. 
Interropted line ^ Rate of anthnietic increase plotted against time. 
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The results are plotted on a graph whose abacisaa: represent T and whose ordinates 
indicate the rate of propagation. The nomerafor and the first term of tie denominator 
in the formula represent the arithmetic locreaaa in the number of organisms m unt time 
The second term or “ suffix " of the denoomiator is not part of the divisor but indicates 
the nud point of the penod dunng vehu^ the actual increase has occurred The use of 
the formula is exemplified in Table 3 and Fig 1C 

It wiU be observed that, while the cor?» of tho ioganthms indicates that a steady 
rate of multiplication is occurring during the 1-5 hour penod, the curve given by Lemon’s 



OmtinooM hoe *= Curve plotted froni actiul observations 
Interrupted Ime = Smoothed curve 
(After Barber ) 


formula showa that the actual rate of anUmieUc increase nses rapidly to reach a peak 
at 6 hours, after which it falls steeply The reason for the rapid rise is, not that the 
organisms are dividing more rapidly at the end than at the begin nin g of the logunthmie 
phase, but that, owmg to the fact that the actual numbers of bacteria are constantly 
increasmg throughout this phase, the progmy of apy given generation expressed anth 
mctically must be greater than that of any previous generation I/>mon’8 method of 
calculating the growth rate is likely to bo of adv«itage m physiological and biochemical 
problems when it is desired to study the rate of change In a chemical substrate in relation 
to the absolute numbers of organisms pradoeed 
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The generation time danng the loganthmie phase is mflnenced bj several 
factors 

(I) Temperature of Incubation of Culture — ^^^orklDg with Bad eoU, Chick 
(1912) fotmd that between 20* and 40* C, each rise of 1* C increased the 
rate of growth 1 072 times , the temperature coefficient for everj nse of 10* C 
was 1 072’®, le 2 01 This agrees closely with Lane-Claypon’s (1909) figure 
of 2 2 Barber (1908), who made an exhaustive stndy of the rate of growth 
of Bad coh, constructed the curve shown m Fig 17 In this it wdl be seen that 
at a temperature of 15° C the generation time is 180 , at 23* C 44', at 35° C 22' 
and at 40* C 17' The curve corresponds fairly closely to the quarter of an ellipse. 
Farther, as the mcrease is geometneal, by plotting the logarithms of the generation 
tunes we shall find that the pimits fall on a descending straight Ime The maximum 
rate of growth of Bocf roll occurs at about 37° C , but between 37° and 46° C there 



A Contisaoos line Viable coast of Satm lypht-manum in peptone water 
B. Interrapted line VUblecoantof SoJm tyj^* nenasi in peptone water + 3perceQt.^aeose 
(After neap aud Cadaeaa ) 

IS little change m the generation time For iSofwi lypfii ilODet (1895) found 
the maximum rate of growth to be between 37° and 40-4* C , at a temperature of 
44 5° C the baciBi died rapidly 

(2) Aafure of Hedium — Penfold and Noms (1912) found that by increasing 
the concentration of peptone in a peptone water medium from 0-125 per cent 
to 1 pet cent the generation tune olSalm typhi was reduced from almost mfimty 
to 40 They likewise found that the addition of glucose to the medium further 
reduced the generation time Other workers have also commented on the beneficial 
effect of glucose , thus Heap and Cadness (1924) found that the addition of 2 per 
cent glucose to a 3 per cent peptone water medium greatly mcrcased the growth 
of Salm typhi munum (Fig 18) 

(3) Nature of Organism — Some oi^nisms appear to grow more rapidly than 
others Mason (19M) has compiled from the hterature the generation times of 
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after which a progressive fall occotred It must be pointed out, howeter, that 
this might equally well be explained by assuimog that the type of metabolism 
had changed donng a period of constant growth 

Care must, of course be exercised in drawing any conclusions on the rate of 
multiplication from the rate of growth smce it has already been pointed out that, 
owing to vanahona in cell sue, increase ia bactenal oumbets may give a very 
fallacious idea of the true rate of growth and the converse is equally true Further 
ob'»ervatioas at frequent intervals on the numerical increase occurring during the 
loganthmic phase made with due attention to multiple small factors that mav 
infiaencc the result are required before concluding that the rate of cell-diMsion 
dunng this phase is discontinuous 

Stationary Phase 

Alter multiplpog at a maximum tale lor a variable length of tune during the 
logarithmic phase the organisms become less active, and divide less frequently, 
till finally their numbers remain practically constant ^Vhat is responsible for 
this decrease m the reprodnction rate 1 The natural suggestion is that it results 
from an exhaustion of the food supply Against this view, however is the fact 
that ti a culture that has reached the dechne phase is stenlired by Loilmg, and 
then remoculated with the same organic, growth occurs m the usual way, though 
the actual numbers attamed may sot be »o great as is the prunary culture (Graham 
Smith 1921) The eame result is obtained if the culture is etenlized by filtration 
instead of by botlmg, provided that the organtsmhas sot produced some volatile 
substance which would be removed dunng toiiisg as in the special ca«e of the 
pneumococcus Fenfold (1914) found that if a 24 hoars’ culture of Sad 
eoh was centrifuged and the snperDStant fluid was incubated at 37* C , fresh 
growth took place It is probable, therefore that some other factor than exhaus' 
tion of the food supply is responsible for the cessation of maximal growth 

lie have alreadr mentioned Cbesney’s hypothesis that tone eubstances arc 
produced during the phase of muUiplicatton and that these so mjare the bacteria 
as to delay their subsequent division when introduced mto a fresh medium. 
Although this explanation may hold good for the pneumococcus which produces 
H,0, m considerable amount, it does not seem to bo of more general apphcabibty 
IVe may similarly regard as special cases those instances m which the reaction of 
the medmm is rendered acid duimg growth owing to the inclusion of a- fermentable 
carbohydrate In such cases neutralization of the acid by the addition of alkab 
often suffices to enable growth to occur (Kojima 1923; 

Wotkmg with the fruit fly Drosofhih tnffano^slcr Pearl and Parker (1922) 
found that the effective reproduction rate decreased as the population density 
became greater 

Following on these observations Bad (1929) earned out a number of expen 
ments on different bactena from the results of which he concluded that m any 
flmd culture there was a hmiting population density that could not be exceeded 
This he referred to as the II-cotK^ntratiaa A few of his findings mav be briefly 
recorded 

(1) Any given species of bactenum reaches in a fluid medium a particuHr and 
constant M-concentration of living organisms the value of vrhich differs with 
different species • 



phase 


(*’) ^Vith. & large laoculturt tlie M-coacentration is reached rapidly mth a 
small inoculum more «lowly 

(3) Living bacteria intr^uced into fresh broth m M*coaeentration arc unable 
to amltiply 

(4) Living bacteria mtroduced into fresh broth in a concentration greater 
than JI die off until the M-conceatralion is reached 

(5) If a culture that has reached its 11-concentration is centrifuged and then 
re-incubated fre<>h growth will occur in the clear supernatant fluid till the ll-con 
centratioa is reached If hoirerer after centrifaging the deposit is shaken up 
so that the organisms are distributed once more throughout tie medium no growth 
will occur This seems to show that renewed growth is dependent not on the total 
number of bacteria m a given volame of mediiun but on their mode of distribution 
within the medium. 

(6) If a culture that has reached its hl-coDcentration is heated to 6o* C for a 
time sufficient to destroy the majority but not all of the bving bactena and is 
then re incubated fresh growth will occur till the M-conccntration is again reached 
This seems to indicate that heat killed bactena do not apprcaahly mterferc with 
the biological space araflable 

(7) Ordinary meat broth can be diluted 2o times or more without affcctiug 
the level of the M-concentration showing that it is not due to exhaustion of the 
medium that growth ceases In the diluted broth the turbidity i e the total 
count la much less hut the cumber of living bacteria < e the M<osc«DtratiOD 
IS the same as in the undiluted broth 

(9) Tbeadditionofaneunchiageubstaace such as gluco«? to the broth increases 
the total number of bactena produced but the M-conccntration of viable otganums 
remains unchanged 

(d) Growth does not cease with the attainment of the M-concentiatiou fresh 
orgamsms contmue to be produced but an equisalent number de off so that 
the M value remains constant 

hlany of these findings were confirmed by Fukuda (19‘’9) This worker how 
ever pointed out that some of them particularly ISos 5 " and 8 held true only 
with tertain organisms He found moreover that if broth cultures of Pa pjoajanea 
were stenliied fay heat and re inoculated with fresh orgntusms growth occurred 
till the original hl-concentratioQ was reached. Thi? espenmeat could be repeated 
two or throe times on the same cnlture though with Saint gnUinarum only one 
quarter of the M-coacentration was reached after the first heating 

von IVikulM (1932) brought further evidence in support ofBails hypothesis 
He found that if two organisms A and B each hanng the same 3I-coaccafratioa 
of 1 600 million per ml were inoculated eunultaneously m the eamc numbers 
into a tnbe of broth the final il-conceutration of the mixed culture was still only 
1 600 million per ml organism A constituting 800 million and organism B 600 
million. The total physical space available had now to be shared between the 
two oigamsms If two orgamsma 1 and C having respective M-conccntrations 
of 1 600 million and 300 miUion per ml were inoculated s multaneously into the 
same tube of broth the final il-concentration was again 1 GOO million per ml 
but this time the whole nablo population consisted of organism A The apparent 
explanation was that A grew more rapidly tianC and so monopobxed the ai a lablc 
spice , 

Bail and his followers were more interested in mafang observations than m 
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aftflE which a progtessiTe fall occumd It must be pointed out, howe\er, that 
this might equally well be explained by assuming that the type of metabolism 
had changed dormg a period of constant growth 

Care must, of cour«e, be exercised in drawing any conclusions on the rate of 
multipbcation from the rate of growth, aicce it has already been pointed ont that, 
owing to vanations in cell size, increase in bacterial numbers may giTe a s-ery 
fallacious idea of the true rate of growth, ond the converse is equally true Further 
observations at frequent intervals on the numerical increase occurring during the 
logarithmic phase made with due attention to multiple small factors that may 
influence the result, are reqmred before concluding that the rate of cell'divuion 
dunng this phase is discontmuons 


StationaiT Phase 

After multiplymg at a maximum rate for a variable length of time during the 
logarithmic phase, the organisms become less active, and divide less frequently, 
till finally their numbers remain prachcally constant What is responsible for 
this decrease in the reproduction rate 1 The natural suggestion is that it results 
from an exhaustion of the food supply Against this view, however, is the fact 
that if a culture that has reached the decline phase is sterilized by boilmg, and 
then reinoculaled with the same organism, growth occurs m the usual way, though 
the actual numbers attained may not be so great as in the prunary culture (Graham 
Smith 1921} The same result is obtained if the culture is sterilired by filtiution 
instead of by boding provided that the organism has not produced some volatde 
substance which would be removed dunog boding, as in the special ca^ of the 
pneumococcus Fenfold (1914) found that if a 21 hours’ culture of 
coil was centrifuged, and the sapeinatant fluid was incubated at 37* C , fresh 
growth took place It is probable, therefore, that some other factor than exhaus- 
tion of the food supply is responsible for the cessation of maximal growth. 

We have already mentioned Chesney’a hypothesis, that toxin sub'^ances am 
produced durmg the phase of multiphcatiou, and that these so injure the bactena 
as to delay their subsequent division when mtroduced into a fresh medium 
Although this explanation may bold good for the pneumococcus, which produces 
HjO] in considerable amount, it does not seem to be of more general applicability 
We may similarly regard as special cases those instances m which the reacboa of 
the medium is rendered aud dunog growth owing to the inclusion of a fermentable 
carbohydrate In such cases neutralization of the acid by the addition of alkali 
often suffices to enable growth to occur (Kojuna 1923) 

Working with the fruit fly Dmophla mcfaiwyosfer Pearl and Parker (1922) 
found that the effective reproduction rate decreased as the population density 
became greater 

Following on these observations Ba3 (1929) carried out a number of expen 
ments on different bactena from the results of which he concluded that in any 
fluid culture there was a limiting population density that could not be exceeded 
This he referred to as the ^-concentratiOB 4. few of his findings may be bnefly 
recorded 

(1) Any given species of bactenum reaches in a flmd medium a particular and 
constant ^I-concentration of bving organisms, the lvalue of which differs with 
different species • 
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(2) ith a large inocnlam the M-conceatiation is reached rapidly, -with a 
small inoculum more slowly 

(3) Linng hactcna intr^uced into fresh broth in 3I-coaccntratioa ate unable 
to multiply 

(4) Living bacteria introduced into fresh broth in a concentration greater 
than M die off until the Jl-conccntration is reached 

(5) If a culture that has reached its il-concentratioa is centrifuged and then 
re-iDcubated, fresh growth will occur in the clear supernatant fluid till the 31-con 
centration is reached If, however, after ccntnfagin?, the deposit is shaken op 
80 that the organisms are distributed once mote throughout the medium, no growth 
will occur This seems to show that renewed growth w dependent not on the total 
number of bacteria m a gtien ^oIame of medium, but on their mode of distribution 
within the medium. 

(6) If a culture that has reached its M-concentration is heated to 55® C for a 
time sufficient to d^strov the majontv but not all of the bving bacteria, and is 
then re incubated, fresh growth will occur till the 3I-conccntration is again reached 
This seems to indicate that heat tailed bacteria do not appreciably interfere with 
the biological space available 

(7) Ordinary meat broth can be diluted 25 times or more without affecting 
the le\el of the M-coucentration, showing that it is not due to eihanstion of the 
medium that growth ceases In the diluted broth the turbidity, * e the total 
connt, 13 much lew, but the number of linng bscteria i e the lI-coDcentratJon 
IS the same as in the undiluted broth 

(8) The addition of an enriching substance, such as glucose, to the broth increases 
the total number of bacteria produced, but the M-concentratioo of viable organisms 
remains unchanged 

(9) Growth does not cease with the attatomest of the M-conccntration , fresh 
organisms continue to be produced, but an equivalent number die off so that 
the hlialue rcmaips constant 

3Iany of these ffodiocs were coaffnned by Futuda (!929) This worker how 
ever, pointed oat that some of them, particularly Nos 5, 7 and 8 held true only 
withtertamorganums Uc found moreoiertbat if broth cultures of Ps pyveyanea 
were stenlixcd bv heat and re-moculated with fre h organisms, growth occurred 
till the original 3I-concentration was reached This expenment could be repeated 
two or three times on the same culture, though with Salm galltnarum only one 
quarter of the Jl-coneentration was reached after the first heating 

von ■\Viladlil (1932) brought further evidence m support ofEail’s hypothesis 
He found that, if two oigamsms A and B, each having the same M-concentration 
of 1,600 milhon per ml , were inoculated eimuitaneously in the same numbers 
into a tube of broth the final Jl-conccntration of the mixed cnJtnre was still onlv 
1,600 million per ml , organism A constituting 600 million and organism B 800 
million The total phj’sical space available had now to be shared between the 
two organisms If two organisms, A and C, having respective Sl-concentrations 
of 1,600 milhon and 300 miUioa per ml , were loocalated aimultaneonsly into the 
same tube of broth the final Si-concentration was again 1 600 million per ml, 
but this tune the whole viable population consisted of organism A The apparent 
explanation was that A grew more rapidly than C, and so monopolised the available 
space 

Baa and his followers were more interested in making ob-servations than in 
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explnjning them The problem still remains why tt is that bactcna. cease UiiidiD" 
at roaximal "speed when a certain popniation density is reached. 

Asaggestion whic^weput fonvBrdial936,Biidwhich has received eome support 
from the ob-ervations of Hershev and Bronfeabrenner (1937) and of Hahn and 
Richardsoa{I912) is that the progressiveietardationingrowthmaroftenbedne toa 
deficiency of oivgen in the culture. There ate certain olwervatioas that •«eni to 
support thu view We have alread) "seen that the addition of 2 per cent glacoac to 
abrothmeditungreatlrincreasesthegTowthofiSafm ii/pht inun i/h Themechanimi 
by which this increase is brought about is ooknown, but it is not unreasonable to 
mppose that the gluccK provide^ & «otifce of cnercy «applv, which the organisms 
are able to utilize m the ab^nce of readflr available oxygen. In ‘upport of this 
we have found that the total number of 0T<^iii«m5 per mL m a pven culture can 
be regulated bv altering the available amoont of oivgen. Thus, in a broth 

culture of 5alm typAi munuinincnbatedanaerobicallr, the total countafter24hour3 
IS about aOO miUion organisms tn a culture incubated aerobically it is about 
2 000 milhon organi-ms , and m a cuUnre through which pure oxvgen is bubbled 
continnou-ly, it is about 8,000 milbon organisma (Wilson, 1930) There seems no 
doubt that a liberal •apply of orvgen enables growth to continue for some time after 
It has ceased m a culture incubated anaerobically or under ordinary aerobic condi 
tiOD*. The •ogge'tioa is that m colmres incubated aerobically, growth continues 
until the incna'ing deu-itT of the ©tgamsms tenders it impossible for each individual 
organism to obtain sufSuent oxygen to iLcet ita re^juirements. Tbe^e findings 
apply, of couT"#, only to aerobic and facultatively anaerobic bactena 

Thia explanation, it will be observed does not fit all of Bail a fa"ts, though 
it explains manv of them. The mam discrepancy u in the effect on the 
Jl-concentration of adding certain substrates Bad found that the addition of 
glucose for example, led to an increase m the total number of bactena, while 
leaving the M'Concentration of viable bactena unaltered Our expenence, both 
with glucose and with increased aeration, entirely falls to support this finding 
The more favourable the conditions for growth are the bgher is the viable popu 
lation that the medium can support It is true that in a ntedium containing a 
fermentable susar the viable populabon mav fall rapidly after having reached 
a height considerablv greater than in the aame medium without sugar (see Kg 18), 
but this appears to be due to the disinfectant action of the acid produced, and not 
to anv «pecific effect of bacterial density That this is so is shown by the effect 
of continuous oxvgen passage in the eipenments quoted above, in enabling a 
broth medium to support four times ita usual il population. 

Broom (1929) and Gddemcister and ^eastat (193o} have brought evidence to 
show that the amount of growth of manv oigam-ffls appears to depend to a con 
sideiable extent on the presence in the medium of eaoly assimilable wiibon com 
pounds, such as gluct«e The addition of the^ to a culture m which growth has 
ceased may rapidly enable a fre«h crop of orga&i:2m3 to be produced. The apparent 
ability of some organisms to inhibit the growth of others in mixed cultures «eeni3 
to be due not only to their more rap d growth but also to their more active fer 
mentative power, which enables them to break down certain compounds more 
readily and so deprive the weaker organisms of their requute nutritive materials 

The fact that mere aeration of a culture mav enable fresh bacterial multiplica 
tion to occur suggests that there are at least two factors leading to ce^sabon of 
growth. One is the exhaustion of easily assimilable food-stnfe, the other is 
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oxygen sUtsation It seems not improbable that, once the simpler food stuJIa 
have been broken down, the attack on the more complex compounds can be «nc 
ceasful only m the presence of abundant oa^en 

It must not be thought that dumg the stationary phase all growth has ceased 
In most ca*C3 multiplication contmuca for some time after the cessation of the 
logarithmic phase, but the rate of diTisicmprogrcssn ely diminishes The time taken 
to reach the maximum number vanes Thfe temperature of incubation is important , 
thus, Graham Smith (1921), working with Siaphylocoeeus aureus found that the 
maximum number of viable organisms was reached on the 2nd day at 37° C , on 
the 6th day at 27'" C , and on the 8th day at 17° 0 Much depends, too on the 
nature of the medium. 

Not only are fre«h organisms being formed during the stationary phase, but 
large numbers are dymg Once the maximum number of organisms has been 
reached, and before the pha^o of deebne, the multiplication rate ]ust suffices to 
balance the death rate, so that the number of living bacteria remains constant. 


Phase ol Decline 

Alter lasting for a variable time— from about an hour to several days— the 
stationary phase paiwes gradually into the phase of decline Tie numbers decrease 
alowly over a period of da) s, weeks, ot months, till all the organisms are dead 
\\ ith some organisms, such as the pneumococcus this phase is short, and the culture 
may bo stcnle in 2 (o 3 days, with other organisms such as Bad coli it 
may last for months It is possible that growth is sot entirely in abeyance dimng 
this stage, for if counts ace performed at ^ily intervals, spasmodic rises are some 
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times noticed, mdicatire of the production of fresh organisms Moreover, there 
IS a gradnal nse m the total eonnt, pomting to the same conclosion (Fig 19) 

This IS the curve obtained for a ctiltnre of a coliform or simitar organism in a 
natnent broth medinm. In a medium containing a fermentable sugar, ench as 
glncose broth, the carve is very difierent Instead of descending slowly and 
irregalaily, it passes rapidly down w an obliqne etiaight line, till it reaches the 
abscissa (Fig 16) 

Thu difference u almost certainly doe to the disinfectant action of the acid 
prodoced in the cnlturc The death of the organisms in Curve B u similar to the 
velocitv of a cmmolecular reaction, and can be represented by the formnla 



where K is the velocity constant, t the interval of time between successive observ- 
ations, Hi the namber o! living bacteria present at the beginning, and sij tbe 
number present at the end ol time t This point will be more fully discussed in 
Chapter 5 For further mformation on the growth phases of bactena, the reader 
u referred to a detailed consideration of thu 8ub]ect by Buchanan and Fulmer 
(1928) 

DormancT ot Bactena. 

G S Barte (1923) inoculated a senes of tubes of glnco«e peptic dJge«t agar 
and of glucose peptic digest broth with Cl hotu/inum, seeding one spo*e into each 
tube. She sealed the tubes to prevent desiccation, incubated them at 37^ C • and 
noted each day in how many tubes growth had occuzzed. In the agar medium the 
majonty developed m 10 day% but occasional spores continued to geminate up 
till the d2Dd day In the broth the majonty developed in 14 days, but one 
or two genmnat^ daily until tbe 33rd dar, and thereafter at intervals till the 
U4th day 

V Burke Sprague and Barnes (1923) obtained similar re«ults with B tuUGis, 
B. TM^aihmvm, and Bart coli, thus showing that the phenomenon is not con- 
fined to anaerobic bactena or the germination of spore* It is clear from these 
experiments that bactena may he dormant for long penods without multiplying 
Superficially, this resembles the phenomenon of lag, but it is posable that donuaucy 
and lag are dependent on different factors. G S Burke (1923) draws attention to 
the similarity m behaviour of dormant «pores and the seeds of certam of the higher 
plant* She «uggest5 that m each instance the cause of the donnanev hes in the 
cell itself, and is connected with the degree of permeability of the walL 

It 13 this dormancy which appears to be responsible for the occaaonal faffure 
of the intermittent process of stenhration. Probably owing to this, too, is the 
fact that a culture may be coutammated with an organism without signs of the 
contamination becommg evident till after three or four subcultures have been 
made 

SCtogeiietic Bays. — The extensive work, of Gurwitseh and his followers (for 
references see Bateman 1933} has suggested that certain plant and antTnal tissues 
under suitable conditions may emit so-called mitogenetic ravs, which are able 
to stimulate growth m tissue cells placed in a position fevourable for their absorp- 
tion- Accordmg to «ome workers, the radiation is of the short ultra violet tvpe, 
but attempts to confirm this bv physical methods have not so fer been succe^ful 
The ray*, if they exist at all, have therefore to be detected by biological means 
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So far aa bactetn ate concerned, the growth rtinmlating effects that have been 
reported have usual!)' been well mthin the lumts of the expenmenta! error of the 
technique AMule not denpng the caatence of this effect, we feel bound to adopt 
a strictly sceptical attitude until quantitative results that will stand the usual 
tests of statistical significance are forthcoming 
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times noticed, mdicatiTc of the prodoetton of fresh organisms Moreover, there 
IS a gradual nse m the total count, pointing to the same conclusion (Fig 19) 

This IS the curve obtamed for a cnltore of a cohform or sumkr organism in a 
nutnent broth medium. In a medium contouung a fermentable sugar, such as 
glucose broth, the curve is very different Instead of descending slowly and 
irregularly, it passes rapidly down m an oblique straight Lne, till it reaches the 
abscissa (Fig 18) 

This difference is almost certainly due to the disinfectant action of the acid 
produced in the culture The death of the organisms in Curve B is similar to the 
velocity of a unimolecular reaction, and can be represented by the formula 

K-llog^ 

whereS is the velocity constant, t the mterrai of time between successive observ* 
ations, n, the number of living bacteria pre<>ent at the beginning, and nj the 
number prc^nt at the end of time t This point will be more fully discussed in 
Chapter 5 For further information on the growth phases of bacteria, the reader 
IS referred to a detailed consideration of this subject by Buchanan and Fulmer 
(1928) 

Dormancy o! Bacteria. 

G S Borhe (1923) inoculated a senes of tubes of glucose peptic digest agar 
and of gluco«e peptic digest broth mth Cl 6otutinum, seeding one spore into each 
tube. She sealed the tubes to prevent desiccation, incubated them at 37” C , and 
noted each day m how many tubes growth had occoired In the agar medium the 
majonty developed m 10 days, bnt occasional spores continued to genmnate up 
till the 92Qd day In the broth the majority developed m H days, but one 
or two germinat^ daily until the 33fd day, and thereafter at intervals till the 
144th day 

y Burke, Sprague and Barnes (192o) obtained <inular results with B euitiTis, 
B vxegalhenum, and Bact colt, thus showing that the phenomenon is sot con 
fined to anaerobic bactena or the germination of spores It is clear from these 
experiments that bactena may lie dormant for long penods without multiplying 
Superficially, this re«emhles the phenomenon of lag hut it is po^ble that dormancy 
and lag are dependent on different hetors G S Burke (1923) draws attention to 
the similarity in behanonr of dormant spores and the see^ of certain of the higher 
plants She suggests that in each instance the cause of the dormancy lies in the 
cell itself and is coimected with the degree of permeability of the wall 

It 13 this dormancy which appears to be responsible for the occasional failure 
of the intermittent process of stenfization. ftobabfy owing to this, too, is the 
fact that a culture may be contaminated with an organism without signs of the 
contamination becoming evident till after three or four subcultures have been 
made 

Mitogenetic Rays — The extensive wort of Gurwit'mh and his followers (for 
references see Bateman 1935) has sn^ested that certain plant and animal tissues 
under suitable conditions may emit so-called mitogenetic rays, which are able 
to stimulate growth in tiaoue cells placed m a position favourable for their absorp- 
tion According to some workers, the radiation is of the short ultra violet type, 
but attempts to confirm this by physical methods have not so far been successful 
The rays, if they enst at all, have therefore to be delected by biological means 
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So far as bacten-t are concerned, the growfh^timolatinz effects that hare been 
reported have nsuallj- been \rell mthm the limits of the eapenmental error of the 
technique ^Vhlle not denving the enstence of this effect, 'we feel bound to adopt 
a stnctlf sceptical attitude nntil qnantitatire results that will stand the usual 
tests of statistical significance are forthcommg 
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CHAPTER 6 


THE RESISTANCE OP BACTERIA TO PHYSICAL AND CHEMICAL 
AGENTS DISINFECTION 

1'n‘RODDCrOBY 

The early inrestigationa of the problem of dlsinfectioo, which may be said to 
have commenced with Pringle's observations in 1750, were largely concerned with 
a stndy of the eflScacy of various substances m hindering putrefaction A centnry 
and a quarter later Bucholt* (1815) using as his medium an infusion of tobacco 
leaves, condncted a scries of investigations on disinfectants , and Baxter (1875) 
working with vaccme lymph and gtandera nodoles, showed the influence of organic 
matter in duntnishjsg the activity of disinfectants 

The next advance, illostrating the importance of technique, was made by 
Koch in IBSl, when he introdoced an exact method of comparing the germicidal 
power of diflerent substances In place of fluids ewsrsiing mtb diflerent organisms 
of varying resistance, he tested the action of disinfectants on pure coltures of 
baetetis of approximately equal resistance By drying anthrax spores on silk 
threads of the same length, launersing them m a solution of the substance to be 
tested, and subsequently transfemng them to a nutrient medium m order to 
ascertain if the bacteria were still alive be collected a considerable quantity of 
information on the relative activity of difTerent disinfectants ffis work was 
cnticized and his methods improved by Ceppert (1689, 1891a 6) In 1897 Eromg 
and Paul published their classical paper, descnbing a new method for the quan 
titative study of disinfection and demonstrating that in a culture submitted to 
the ulfluence of a germicidal agent bacteria die, not simultaneously, but in an 
orderly sequence To Madsen and Nyman (190?) and to Chick (1908, 1910, 1912) 
must be ascribed the merit of analysing the vanoim factors upon which disinfection 
depends, and of showing that the Jaw uoderJ.^g the death of bacteria is similar 
to that underlying a simple unimolecolar chemical reaction 

Starting from empirical observations on tbe preservation of dead human bodies, 
the etudv of disinfection has progressed through the qualitative stage to the qnan 
titative stage, and has now reached a pout when the ultimate solution of the 
problem lies in the domain of the physical chemist 

The subject of disinfection is large, and can be treated from different aspects 
In the present chapter we shall make no attempt to deal with it exhaustively 5 
on the contrary, we shall purposely neglect a considerable part of the subject 
dealing with the nse of germicides in practice, as we consider this to fall within 
the province of the hygienist Onr main endeavour is to discover as far as possible 
the underlying principles of disinfection, to discuss the laws governing the kiUing 
of bacteria, and to point out the importmice of a thorough knowledge of these 
101 
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laws and principles to any one who, wbetber engaged in medicine, hvgiene, dairy- 
farming food preservation, or agncnitnre, u conlronted with the prohlera of 
controlling bactenal activity 


Phytle&l Agencies 

Light — Downes and Blunt in 1877 (1877, 187S) showed that eiposnre of a 
pntre«cib1e fluid to sunlight was sufficient to sterilire it They olteerved that this 
effect was produced only in the pre«ence of air, and were therefore led to regard 
the germicidal proper^ of Lght as depending on oxidation. Duclaui (18S7) in 
1886 showed that in sunhght vegetative bacilli were killed more rapidly than 
'pores The following year Boux (1887) eipo&ed anthrax spores in a nctnent 
medium to the sun &me were contained in glass tubes with plenty of an 
above the level of the liquid, others in glass tnbes containing no free air , the 
former were destroyed in 29 hours, the latter survived longer than 83 hours 
This was a confirmation of the work of Downes and Blunt, bnt Boux went 
further , he found that il nutrient broth was exposed to the sun in a layer 5 ram 
deep for 3 or 4 hours, it became changed in such a way as no longer to permit 
of the germination of anthrax spores, thoagh still remaining suitable for the growth 
of the vegetative bacilU. This antiseptic property was lost after the broth had 
been allowed to stand for a tune m the dark Broth exposed to the tns to a sealed 
glass tube containing no free oxygen was unaffected. It was clear, therefore, 
that not only was flight m the presence of an able to destroy anthrax spore*, 
but that it was able to produce an alteration in a nntnent medinin — an alteration 
which was of a transient nature, suggestive of the actinty of some volatile or 
unstable compound This action of nudisht was reii]ve«tigated by Burnet (193o) , 
working with staphyloceea, he found that ther would net grow on af'sr plates that 
Lad been expo«ed to tbe «unligbt, tboo-^b growu^ quite satisfactorily on control 
plates that had been kept in the dark. He W3« able to 'bow that the reaKin for 
tbi« 15 that under tbe influence of «TUibgbt hvdrof’en peroxide l* produced, and 
that this sub'tance is so powerful that its inhibitory effect is noticeable even m. a 
dilution of 1-40 000 («ee Chapter 3) 

To return to the action of Lght on the bacteria themselves Ward in 1893 
exposed gelatin and agar plates seeded with anthrax spores to the autumn sunlight 
for 6 hours, each plate being shaded id such a way that only part of it received 
the direct rays of the sun. After locubatioo, a growth of anthrax bacilL was 
found to have occurred m tbe protected but not in the exposed portion The 
inhibitory action of the sun was not due to the heat rays, because the temperature 
of the plates at no time ro«e above 18' C , nor was it due to desiccation or other 
alteration of the medium, since exposed plates seeded with fresh spores proved 
quite suitable for growth. Ward therefore concluded that the genniadal effect 
of tbe sun was due to its aciime rays Further work showed that if a spectrum 
was thrown across an agar plate, Hie uihibitozy effect of the light was stronger 
at tbe blue than at the end. This was tbe first demonstration of the selective 
action of violet Lght Some years later Barnard and llo^an (1903), working 
with the arc qiectrum of carbon and of vanous metals, made more extensive 
observations, which led them to conclude that tbe bactericidal action of light was 
almost entirely due to these radiations m the ultra violet region which are mclud^ 
between the wave lengths 32S7 and 2265 A.U , that is, the Lght between the visible 
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violet and the extreme nitra violet Xo other portion of the apectrom 1>«<^ anj 
effect whatever Their work has been confirmed by Browning and Buss (1917), 
who used a quartz spectrometer illominated an arc of pure hing«ten, which is 
very rich in ultra violet rays The spectrum was thrown across a gelatin or agar 
plate seeded with staphvlococa, the plate incnhated after irradiation, and then 
nsed as an ordinary photographic negatise for prodncing positive contact prints. 
An exposure of 6 minutes was sufficient to destroy the organisms in that region 
illumiuated by rays of 23S0 to 2940 Angstrom nmts (An Ang-irom unit is equal 
to 1 X 10 ’ mm,, t e. 1/10,000 000th mm. One m/i is equal to 1 x 10^ wim , j ^ 
1/1 000000th mm , or 1/1 000th ft, or 10 Angstrom nmts.) There 'was a sharp 
line of demarcation at 2900 A.T3 , rays of a longer wave length than this were 
almost devoid of germicidal action It was found that the ravs between 29G0 
and 2100 A U were highly germicidal, hot that the most active were those 
between 2SOO and 2540 A U As the hmit of retinal sensibility is reached when 
the wave length falls to 3970 A U , it follows that the most actively germicidal 
portion of the spectrum is in that part which is invisible to the human eve 
(Fig 20) ilore recent work by Gates (1930), Ehnsmann and Xoethling (1932), 
Bachholzand\ Jenev(193D), Pradhonime(1937) and Bonyerand Servigne (193*), 
has shown that two of the most active wave lengths are 2630 and 2530 A.tJ 
DiiTereat o^tusms appear to vary m their <usceptibilitT to different wave lengths. 

Ultra violet bght is lethal notoniytobactena,battootheriinicellnlarorganisms 
sneh as amcebs (Bart 1923), and to the tissue cells of animals and plants It is, 
m fact a protoplasmic poi<OQ Though the short rays are undoubtedly the most 
active, the other rap of sunlight are not completely devoid of germicidal power , 
they require however, very much longer to prince their lethal effect (Thiele and 
Wolf 1907) laroquctte (1918) found that blue was more active than yellow, and 
yellow than red , greeobghtwasthepoorestofall. The time necessary for destruc* 
tion of micro-orgamsms by ultra nolet bght depends on the intens^ of the hght, 
the distance of the source of illonunstion, and the nature of the me^um m which 
the organisms are exposed In general, the Bunsen Boscoe law holds true , that 
IS, withm given bmits the product of the intensitv.of irradiation and the length 
of exposure is constant The temperature of the organisms at the time of exposure, 
provided that it is within the normal limits of viabihtv, «eem3 to have no effect 
on the action of ultra violet bght (Rentschler rt al 1941) 

The germicidal effect of sunbght under natural conditions vanes greatly Its 
action is complex, due partly to the actinic and partly to the calorific rays, which 
act by dehydration Apart from its action on the organisms themselves, it has 
an action on the medium in which tbey are growing In sonthem lands, the 
combined effect of the ultra violet laya and the heat rays render sunlight highlr 
efficient as a germicidal agent , thus Semple and Greig («ee Hewlett 1909) in India 
found that Salm Ojphi exposed to the son on pieces of white drill cloth were tolled 
m 2 hours , controls kept m the dark were still ahve after 6 days. In the civilized 
smoke-covered towns of the north the ultra nolet rap are often very weak, bang 
largely filtered off by the impnnties in the atmo^heie, thus deprivmg sunlight of 
mo«t of its activity That light under the«e conditions is not entirely without 
effect however has been shown by Gaixod (1914), who found that m hospital wards 
hsmolpic streptocoCTi could be readily demonstrated m dust from tbe darker 
portions of the ward, but not from dust on window sills and other parts exposed 
to diffuse daylight 
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Ultra violet light geiierat<?d by a Cooper Hewitt llercmy vapour lamp has 
beea used for the etenlization of dnnlong water Foulds (1911) found that it 
was quite easy to ensure a 99 per cent reduction in the bacterial count, including 
all Bacl coh, by this method For further information, see Thresh and Beale 
(1910) 

filode ol Action of Ultra-Tiolet Light — Xlltra violet bght is pecuhat in that its 
penetrating power is very low Even a thin layer of gla<!s, such as a cover slip, 
IS able to filter oQ a large propoition of the rays The same power is po«se«sed 
by proteins It follows therefore that its action must be chiefly on the surface 
of the body which it irradiates ^eabrooh (1896), by an mgemous senes of e^en 
ments, showed that when tetanus or cholera cultures were irradiated by the sun 
in the presence of air, a consumption of oxygen took place D’Arcy and Hardy 
(1894) came to the conclusion that under the influence of ultra violet light, some 
oDdmng substance la produced — possibly ozone — ^which is responsible for its 
bactencidal effect This is very doubtful There seems to be no question that 
the destructive action of ultra nolet li^ht is manliest la the absence of atmo 
spheric oxygen (Thiele and Wolf 1906, 1907, Blum 1932 Buchholz and v Jeney 
1935), so that ozone can hardly be responsible Not does it seem likely that 
hydrogen peroxide is generated in suJfficient quantities to prove lethal, since 
Ehnsmann (1930) found that, to produce a destruction of bacteria similat 
to that caused by ultra violet light, a concentration of 30 percent HjOi was 
required 

There is evidence that the ultra violet rays act by inducing some change m 
the piotem molecule 

Thus they are destructive, not only of organized celis, bnt of ceQular products such as 
tetanus toxin (kitasato 1891, Fermi and Fetnoesi 1894, Wesbrook 1896), and serum 
complement (Sdlards 1918, Brooks 1920) DiujeraodEanssenflSOT) workmg with solo 
tioDs of vanous albumins and globulins ezpos^ in very thin layers, found that the rays 
caused a true coagulation of (he proteins which were no longer soluble m weak acids or 
slLahes Conobocation of this new is found id the experiments of Tchahotms (1931) 
Working with the eggs of sea urchins, which are neh m lecithin, he found that if they 
were stained with neutral red and then irradiated with ultra violet light, the colour changed 
after a time to yellow, indieatwg the presence of alkali within the cell Farther work 
seemed to show that the action of the rays was on the superficial membrane of the cell 
which was rendered more permeable to the OH ions of the medium , these, on penetrating 
the cell, were re«pons»ble for the change of the neutral red to yeLow In support of this 
it was found that jf the eggs were irradiated in » neutral solution no change in the colour 
of the dye took place From these and further esperunents he cornea to the conclusion 
that the rays act pnmanly on the superficial layer of the ceU, coagulatmg ita colloids, and 
rendering it more permeable to the ions in the surrounding medium Ffmsuranii (195^) 
exposed saline suspensions of vanous bacteria to ultra violet irradiation for C hours, and 
observed that a decrease in the opacity occoiTcd, accompanied by a fall m the total count 
J>o change in pH, however, was noticed Agencies such as increased acidity, higher 
temperatures fonnol, and mercuric ctdonde, that tended to hasten the coagulation ^ 
protein partly or completely inhibited the deanng effect of the rays Analysis showed 
that the total mtrogen in the suspending flnid was increased though the ammo-nitrogen 
figure remained unaltered 

The concluaon appears to be that the rays produce a colloidal change in the 
protoplasm leading to the solution of certain of its constituents 'Whether true 
antolysis occurs in addition is still doobtfol 
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Bnciholz and v Jeney (1935) sog^st that the reaction may posmblr be of 
photo-chemical nature These wotlers point ont that the highlv lethal waves 
26oO and 2530 A U correspond respectively to energy values of 4 6 and 4 8 
volts and conclude that this amount of energy is required to displace sufficient 
electrons from the bacterial protoplasm to gne rise to irre\ersible photo-chemical 
alterations and thus bnng abont the death of the cell ITycIoff (1932) who 
has studied this aspect of the prohlem m the light of the quantum theory, finds 
that about 4 nalhou quanta of energy are required to loll a smgle cohform bacillus 
showing that death u not due as it appears to be with the cathode ray« to a 
smgle quantum absorption but to some more generalued effect on the bacterial 
protopla«m According to Lea and Haines (1940) about 100 times more ene^ 
13 reqmred to kill a bactenum when administered as ultra violet light than as 
\ rays sugge«tmg that the quantum yields of ultra violet hght are very small 
They conclude with Wycloff that the energy of a smgle ultra \nolet hght quantum 
13 not usually sufficient to cause lomration A similar conclusion has also been 
reached by Rentschler Nagy and Monromseff (1941) 

The mode of action of ultra violet light is stiU obscure, but the work of Gates 
(1930) and Ehrismann and Noethhng (1932) renders it probable that it depends 
on the alteration of certam molecular groupings in the cell havmg high specific 
absorption spectra for these rays The exact nature of the effect produced must 
await further ob«<r%TitioD 

Fhotodynanue SeosiUz&tioa — Webaveseenthat the visible rays of the spectrum 
have only a weak germiadal action on bacteria It has been found however by 
lUah (1900) and by v Tappeiner (1900) that certain floore«cent dm are able to 
sensitize infusoria to the action of these rays so that they become almost as lethal 
as the ultra violet rays Thus it was shown that paramcpcinm suspended in a solo 
tion of scndin or eosm was killed very much more rapidly when exposed to diffuse 
sunhght which was itself harmless than when kept in the darL Examining this 
phenomenon more closely, v Tappemer projected a spectrum across a table and 
placed a coltnie of parammemm suspended in 1-SOO solution of eosm in tbe red, 
green violet and ultra violet parts. The culture exposed to the green rays was 
killed m 2 to 4 hour« whereas the cnltures exposed to the other rays appeared 
to be unharmed. This is of double mterest firstly because the green rajs by 
themselves are the least active in germicidal power and secondly, because it is 
m green light that eosin fluoresces most strongly Similarly with aendm, death 
was most rapid when the suspension was exposed to the violet rays, the«e being tbe 
rays which canse aendm to finoivsee For the sensitization to occur it was essential 
for the paramcecinm to be m close contact with the fluorescing particles When 
tie enJfures were exposed fo Irgit that was simply filtered tiroirgi eosin tiey 
remained unharmed , the eosm had to be dissolved in the actual culture before 
Its senatizmg action became apparent 

Later v Tappemer and Jodlbsner (1904) and Jodlbaner and v Tappemer 
(1904) demonstrated that the photodynanuc action of dyes is manifest not only 
in relation to infusoria hut m relation to bactena toxins and to a less extent 
antitoxins while more recently the bactenophage (Chfton 1931) andfiltroble viruses 
(Perdrau and Todd 19336) ^ve been found susceptible 

Bu^ and Neill (1915) erposmg vanons micro-organisms to ultra violet hght 
found that the non fluorescent were kiHed more rapidly than the fluorescent bac- 
teria their supposition is that the tatter iwotect themselves from the coagulating 
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eSect of ultra violet light by converting the ebort wave lengths into longer v&ves, 
and thus disposing of the energy of the absorbed short waves that would otherwise 
be spent m coagnktmg them The non fluorescent bacteria are unable to do this, 
and hence succumb In this connection, it is interestmg to note that fluorescent 
bacteria may themselves exercise a sensitizing action on infusoria, thus taking the 
place of complex dyes Jodlbauerandr Tappoaer(1804)foundthatpftramceciain 
suspended in a killed broth culture of Ps pyocj/nnea, was killed m an hour if 
exposed to diS'use daylight, while surviving for 24 hours in the dark Gram- 
negative orgamsma appear to be more resistant than Gram positive ones 
especially to the longer wave lengths (see T’nng 1935, Dreyer and Campbell 
Renton 1936) 

Later work by Schmidt and Norman (1920) suggests that the photodynamic 
effect of certain dyes is not dependent simply on their power of fluorescence 

They shov ed that red blood cells mixed with eosia and exposed to sunhght were h®mo 
l3sed, even if the rnya that cause eosm to fluoresce were filtered off before reechmg the 
solution Again, in a mixture of red cells, eosm, and n protective substance, such as 
tyroame, exposed to annhght, there was no bicisolysis even though the solution was 
fluorescuig strongly Chfton (IMl) found that a staphylococcal bactenophage suspended 
in 0 01-0 1 per cent methylene blue solution was inactivated by exposure to sunlight for 
6 mmutes or more The reaction did not occur in coevo, or in the presence of on active 
reducing agent such as cysteine hydrochlonde (0 01 per cent ) Ferdrau and Todd (1933a}, 
besides confirming theso observations and finding that the optunal concentration of dye 
was about 1-100,000, showed that the mterposition of a green screen prevented the reaction 
while a red screen did nob 

The mode of action of dyes, in cansing eensitixation to light that is not itself 
markedly getnucidal is not very dear, but it would appear that as the dye must 
be adsorbed on to the surface of the cell, and as oxygen la necessary for the effect 
to take place, the process is probably due to an activation of oxygen, or to an 
oxidation product of the dye (Baybss 1924) (For a review of the whole subject 
see Bias: 2933 ) 

Electricity — (1) Direct Currents Little work has been done Procbownick 
and Spaeth (1890) passed a galvanic current through simple saline suspensions 
of B an/iracts, B suUdis, and staphylococci without much effect after 2 hours 
B subtilis had lost its motility, but was quite capable of growth In another 
experiment the electrodes were coated with agar, seeded with organisms, immersed 
in saUne, and a current passed through No effect was noticeable at the cathode, 
hut around the anode the organisms were killed Thus a 60 ttulhamp current 
destroyed Staphylococcus aureus in 15 minutes, and a 230 JI-A current destroyed 
B anlhracts m 30 minutes Hiey concluded that the effect was due not to 
the electricity per se, hut to the nascent chlonnc which was evolved at the anode 
from the electrolytically dissociated saline Similar results were obtained m the 
same year by Apostoli and Laquerrijre (1890) They employed a constant galvanic 
current, which was passed through a Imfli culture of B anihrocu into which the 
electrodes, situated a short distance apart, had been mserted A current of 300 
M A was fatal in 5 minutes , one of 200-260 M A failed to sterilize the culture 
m this time They found that the action of the constant galvanic current was 
m direct relation to the intensity of tiie current, measured m milhamp^s , that 
It depended far more on the intensity of the current than on the time for which it 
acted , and that the lethal effect was confined to the positive pole They excluded 
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the effect of heat and were able to show that the «tenlmng acton of the constant 
current was due to the liberation of acids and of nascent oivgen at the anode 

{2)Lot^FTrqvencj Currents Beatte and L<*wis (1920) were able to kiflcrre” ®9-9 
pet cent, of oigamsms m Tnill be ezptsnre for 4 nimu*es to an e]‘“^c current^ 
with a terminal voltage of abont 4 000 and an amperage of about 2. Meet of 
the steribnng acton appeared to be due to heat as the temperature rose to 
between 60 and 64® C , bnt the authors considered that this alone was insufnaent 
to account entirely for the effect. 

(3) Htgh Frtquencj Currents 4part from the earlveipenin**nts ofB \i«onval 
and hi3 colleagues m 1S93 to 1^6 (for references see Fa^an and Graham 1933) 
little worL has beencamedout til recently on the acton of hi'^h fieqnency currents. 
Dunng the past few years however a number of wo lers have made obsi*rvatons 
on the effect of the»e currents on bactena, bactenophage toxins and antibodies 
(Szymanowski and Hicks 1932, Hicks and Sznnanowski 1932 Leetze 1®3’, Fab.an 
and Graham 1933 Ha^he and Lenni» 193a Gale and inHer I'JSo) Th* results 
are not easy to summarize ance the conditons of exposure Used by different 
workers were often very different In Fabian and Graham s experiments a gradual 
destruction of Bad eoh was brought about bv expoaure to a high 6e<juencv dis- 
placement current of 10 megacvcles per second and an intenatv of 0-8 amps, bub 
even after 8 honrs the suspenaon was not sterile The higher frequencies used 
by most of the other workers appeared to be less harmful Whether the cerrent 
acts nuialr by generation of heat m the medium, or by «etting np intense electronic 
and ioniQ Imear agitation withm the celL, ts doubtfriL The ob«erv8t]ons of Besse- 
mans and van Me.rhaeehe (193*) Ozzano and Be (193~) and Easche and Loch 
(193*) all suggest that hnzh frequency carrents havehttle effect on bactena apart 
from the heat generated. [I megacvcle — 1 000 lolocrrles — 1 000000 al emahBg 
cycles. Since V = rt>, when b = velocity of travel (15^ 000 miles per second) 
n = frequency or number of vibrations of the wave per second and > = the wave 
length It can be calculated that a frequency of 10 megacvcles corresponds approzi 
mately to a wave lensth of 30 metres.^ Short wave thempv using radiahons of 
3 to 30 metTM in wave lensth, is now on trial m clinical medif^me ftr the treatment 
of certain inSammatory processes. 

Cathode Eajs.— Wyckoff and Riveo (1930) wodang with Bad cofi SaJm 
lypfii munum and Slapk, aureus bombarded arngl* bactena on the surface of an 
agar plate with a known number of cathode lara. The proportion of surviving 
oiganisms was estimated from colony counts made after mcubation of the plates. 
The cathode ravs were generated in a CooLdge type election tube working at a 
voltage of appreixmiately 15o kilovolt Destinctioa of the organisms occurred in 
the usual semi-loganthmic fashion (see p 15*) After 20 seconds 83 1 93 9 per 
cent of the organisms were dead. QuantHabve analysis rendered it evident that 
the absorption of a «ingle electron was generally suf^ent to cause death. 

The action of cathode ravs seems to depend on the release of large numbers 
of ions consequent on the absorption of an electron. A single 150-k3oTo1t electron 
will liberate about 10* ions within less than 0-001 c.tntn. The effect of snch an 
ionic shower on organisms as small u those mentioned seems to be almost invanablv 
l»thal though with yeast cells injurv and not death mar result (Wvekoff and 
Lujet 1931) 

Bontgea Bays. — ^According to Eieder (1*H)2) the cholera nbno when expo^ 
on an agar plate at a distance of 10-12 cm. from the anti-cath de is hj 
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Bontgen rays in 20 to 30 musutea Feistmantel (1902) found that imdia 
tion for 50 minutes of Actinomyces faretnica, exposed 10 cm away from the 
anti-cathode, had apparently no effect Wychoff {1930a, 6) exposed Bart coU 
and Salm trjph munum on the surface of agar plates to soft S rays, obtained 
either from a tungsten tube operated at low voltage, or by the characteristic 
K radiation of copper Destruction oceorred setm loganthnucaUy, but less rapidly 
than with cathode rays (see above) Thus after 20 seconds’ exposure to filtered 
copper radiation only 19 6-33 3 per cent of organisms were dead Analysis showed 
that only about one in twenty of the absorbed qnanta of these radiations proied 
lethal 

According to yckoff, the X rays incident upon a cell either pass through 
without altenag it, or else gii'e tip one or more quanta whose energy content is 
connected with the ware length } of the rays through the relation 

E = = 

where h is Planck’s constant, i is the frequency of the rays, and c is the velocity 
of light 

As the result of such an absorption a highAelocity electron is liberated This 
electron gives nse to a chain of ions m the matter through which it passes and 
to X. rays which, is their torn, bberate more ions of less and less energy The 
changes caused by X rays in protoplasm ore naturally identified witb the physico 
chemical changes induced by this looic shower The fact that only one in twenty 
of the ahsoched quanta proves fatal suggests that the vital elements capable of 
being destroyed by a direct quantum hit occupy only about one twentieth of the 
cell rolome The harder the X cays are, the nearer do they approach in their 
kilhag effect to the cathode rays hlore recent work with &rt by Pug>ley, 
Oddie, and Eddie {1935) yielded results which seemed to show that, provided a 
correction factor was introduced for lack of umfomuty of the X ray beam, the 
organisms died in an exponential manner Discussing these results, the authors 
came to the conclusion that the one quantum hit to kill explanation, first put 
forward by Crowther (1926), appeared to account most satisfactorily for the type 
of curve obtained 

This explanation is sopported by the observations of Lea, Haines and Bretscber (1941) 
Campanag the bactericidal action of X rays, neutrons, and radioactive radiations, these 
woibers found that the effect of a given dose was independent of the temperature and o 
the rate at which the radiation was applied, and that the mean lethal dose was correlated 
with the ionization density of the radiation, being greatest for those radiations which 
produced their ionizations closest together These findings are explained on the ossump 
t«iiitha4.'ianla‘2K%«iiani.‘»5nrajria.a.viteh«‘i£«nsihSJ»‘* tar^efx.’ and. that the destruction 
ofany one target IS sufficient to impair the viability of the organisJB Bact ro/ns estimated 
to OTntatn about 1,000 targets, each ofadiameter of S 6m/i,eqaivalentin9ize toamoleculo 
having a molecular weight of 2 X 10* 

Sub lethal doses of X rays may bnog about changes in the morphology and 
growth characteristics of bacteria {see Levin and Lommski 1935, Forfotaandllamon 
1937) It may be noted that bactenojdiages and filtrable viruses Lave been shown 
to be susceptible to soft X rays (Wnght and Kersten 1937, llooie and Kersten 1937) 

Radium — Bruynoghe and Dubois (1925) found that exposure of Leptospira 
tcterohamorrhagia for 26 hours to 8 mgm of ndinm, enclosed in a platinum cell-f mm 
in thickness, rendered the organism incspaMe of growing in vtlra or of giving rise 
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to disease m the guinea pig, but did not mterfere intb its motility Bruynoghe 
and Le Fevre de Amc (1925) stated that they were able to deprive tie viruses 
of rabies and of herpes of their virulence for rabbits by exposure m fairly high 
dilution to radon, m a dose of 5 miUicnnes for 48 hours. Danysr (1906) 
failed to produce any attenuation of the rabic virus by exposure for 20 hours 
to the ^-and y-emanations from 20 ingm of radium bromide Biscegho (1925) 
claims to have lowered the virulence for guinea pigs of a human strain of tubercle 
bacillus by exposure of three successive generations to 5 mgm. of radium bromide, 
the exposure being maiutauied for 5 days. Morphologically the baoUi of the 
third generation had lost their acid fast properties to a considerable degree , thread 
forms, occasionally showing branching, were numerous, and large numbers of 
Gram positive Much granules were visible Aecording to Suess (1908), exposure 
oi tubercle bacilli to highly active radium emanations for 2 days had apparently 
no efiect on their morphology, growth, or pathogenicity von Schroetter (1927; 
finds that bacilli and cocco-bacilh expo<ed to radon, in a dose varying for diderent 
organisms from 0-S to 400 millicnnes of an intensity of &-250 microcimes, tend to 
elongate and become filamentous , cocci, on the other hand, swell, increasing more 
or less equally m me in all diameters. Spirochetes do not change them me , 
they are eventually killed by the rays, but they remain motile for a considerable 
tune Spencer (1904 1903) implanted radium needles m tubes of broth moctdated 
with Sdlm. ti/ph Proieus -Y19, or Str jyogtnea and mcnbated at 37® C There 
was at first a ahght retardation of growth, but after 24 hours the growth was 
similar to that in control tubes. After 8-10 dailr transfers the irradiated organums 
sometimes grew more Inxunantlv and tended to develop filamentous foims or, 
with streptococci to grow m long chains. On the other hand imdiation at 
0®C proved fatal withm a few days. Lea, Barnes, and Coulson (1936) hare 
recently studied the effect of a and ^ rajrs on Bact eoh, Staph, avteua, and B 
tnesmitnau expo«ed m very thin gelatin films Death of the organisms occuired 
exponentially The rate of disinfection was found to be independent of the tern 
perature, and proportionsl to the intensi^ of the radiation All three organisms 
were equally sensitive to a rays, but towards p rays B mesentencua differed from 
the other two organisms The authors conclude that the action of the radiation 
can be ezplamed best on the “ target ” hypotbesu. In a later paper Lea, Haines 
and Coulson (1937) record that the death rate of Bact cole and B tnea^ntcncus 
exposed to y radiation was of the exponential type, and that the mean lethal 
ionization do«es were approximately the same as those previously observed for 
p ravs. 

Some and Supersomc Waves — Starting with the experiments of Wood and 
Loomis m 1927, several ob«en-ations have been made of recent years on the 
destruction of oigamzed cells by high frequency sound waves (for references up 
to 1932 see Chambers and Gmnes 1932) Sonic waves, i e waves of audible 
frequenej, of about 8,900 cycles per second, produced by a nickel tube vubrating 
in a strong electromagnetic field in resonance with a 2 OOO-volt O'CDating power 
circuit, are said to be able to bring about a considerable destruction of coliform 
and certam other bactena exposed to them for suffinent lengths of time. 

Tbe method has been used bv Cbsmben and Flosdorf (1936) for the liberatioa of 
antigenie constituents from Salm tifpht and hsmdytic streptococci. Death was found to 
occur Ic^anthmically, the slope of the survival c uiie being a function of the sound intensity, 
I e of the amphtnde when the frequent was constant The snspenaons were not com 
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pletfly Btenle at the ecd of an hour, but filtrates ahoaed the presence of the typhoid Vi 
antigen and the streptococcal labile antigen respectively Rivers Smsdel and Chambers 
(1037) were successful m bringing about » crawdersbla degree of destruction of vaccinia 
vinis m the form of washed elementarj bodies but not m ordinary tissue suspensions 
The presence of protein in the suspension mterferes with the effect of the waves , this 
may explain wh) attempts to destroy bactem m mill, hactenophigo m cultures, and 
viruses m tissue suspensions have oRen proved a &ilure (Beckwith and Weaver 1930, 
Scherp and Chambers 1936) 

Supersonic waves, i e waves above audible frequency, of 200 000 to 1,500,000 
cycles per second, produced by connecting a piezo-elcctiic crystal with a kioh- 
frequency oscillator, are also credited with bactencidal power The observations 
of Beckwith and Olson (1932), Yen and Liu (1931) and Takahashi and Chnstensen 
(1934) suggest that a considerable destructiou of bacteria, and e%en of filtrablc 
viruses, may be brought about by exposure to these waves for an hour or so 
Paic and his colleagues (1935u, 6), however, found that ultrasonic wa%e 3 of a 
frequency of 280,000 cycles per second had no destructive action in 2 hours on 
certain toxins, a coh bactenophage, the herpes virus, or a number of diiferent 
micro organisms, while completely steubzing a culture of PaTamacium m 5 
minutes 

Too little work has yet been earned out to jostify a cnticsl discussion of the 
results It IS generally behaved that the action of the waves, which are of course 
molecular and not electro magnetic, is due to the disruption of the cell as a result 
of the violent agitation set up in its contents According to Liu and Yen (1934) 
no elTect la produced on cells exposed in t'ocuo, suggesting that cantatios of dis 
solved gases plays an important part in the disruption of the bactena Probably 
a telationsbip exists between the wa\e length and the size of the organism or 
molecule exposed Agamst the simple disruption explanation may be set the 
observations of Hirers, Smadel and Cambers (1937) on the effect of sonic nai ea 
on washed vaceme vizus Though the infective litre of the suspension fell from 
10“* to less than 10 *, no microscopical endence of disintegration of the elementary 
bodies could be obtained, nor was there any mcrease in the opacity of the suspension 
The authors, therefore, suggest that the destructive effect may be dae to the forma 
tion of some oxidizing substance from the water 

Desiccation — If dried on silk threads or glass slips, the proportion of orgamamB 
surviving for any given length of time vanes with a great number of factors, such 
as the species of bactenum, the initi J numbers pr^nt, the nature of the suspend- 
ing medium, the rapidity of drying, and the temperature and gaseous nature of 
the environment (see Ticker 189S) Anthrax apores dried on silk threads may 
survive for o%et 20 years, while many of the pathogenic non spoting bacteria 
die in a few hours Paul, Birstein, end Reusz (1910a), working with staphylococci 
dried on gameta, found that the velocaty of dwmfectioa was equal to square 
root of the oxygen concentration The lower the temperature at which the 
organisms were kept after being dried in this way, the smaller was the proportion 
that succumbed (Paul 1909) 

3Iore recent work (see Otten 1930, 1932, Elser, Thomas, and Steffen 1935, 
Plosdorf and Mudd 1935) has shown that even non sporing pathogenic organisms 
are able to survive drying indefinitely, provided that desiccation is complete and 
that the dned organisms are maintained in a high vacunm (0 01 mm Hg or Jess) 
Even such sensitive organisms as the meningococcus and the gonococcus remain 
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alive and Tirulcnt for years under these conditions The dried oi^msms are 
resistant to quite high temperatures Typhoid bacilli, for ciample, dried and 
scaled in vactio, arc said to survive exposure to a tempeiatuie of 115* C for over 
30 minutes. Serum and complement can aUo be preserved satisfactorily by drying 
from the frozen state («ee Hartley 1936, Floedorf and lludd 193S) 

The method is now being used extenavcly for the preservation of stock cultures 
In practice 0-5-1O ml quantities of a thick enspenjon of the organisms in broth 
are distnbuted into suitable tubes Drying is earned out as rapidly as pcfcable 
m tacuo m a desiccator oierphosphoms pentonde The tubes are then evacuated 
individually with an effiaent pump, and scaled off in the flame To recover tie 
organisms, an optimal medium is desirable for pnmarv cultivation. 

Cold. — Very much less attention has been paid to the effect o£ cold on bacteria 
than to the effect of heat This may nndoabtedJy be attributed to tie fact that, 
altiongh cold is an excellent means of preventing putrefaction it has very 
httle germicidal action Macfadyen (1900) exposed cultures of Bad. edt, Salm. 
typhr, B anthmeu, F choiera, Proteus ndjane, and Slaph'jloaxau atjreus for 
20 hours to bquid air at a temperature of— lfi2®to — 190* C After exposure 
the organisms grew well on subcultcre, and manifested their usual biochemical 
activities He noticed that photogenic bactena, when frozen, became son lumm 
QUs, but, when re-thawed, their Intmnosity returned with unimpaired vigour In 
another ezpenment he exposed the same OTgaaisms in broth suspensions enclosed 
in fine qoiU tubing foe 7 days to liquid air , 8ob«equently no atmctnral altera 
tioQ could be detected in the bactena, and all grew well on subcslture. llae- 
{adyeo and Rowland (1900) found that the same organisms in sealed glass tubes 
jnthstoodunmenicni lor 10 hour* in bquid hydrogen at a temperature of — 2o2* C , 
Imeroscopieally and culturally the bactena appeared to be unaltered. Paul and 
Frail (1907) exposed staphylococci, which h^ been dned on garnets, to liquid 
air, and found that nndet these conditions they retained their viability for several 
months, and showed no appreciable alteration is their resistance to disinfectant 
agencies 

Haines (1933) found that rapid freezing with »ohd carbon dioxide at — 70* C 
killed a high proportion of some organisms, bnt had little effect on others. If 
the frozen organisms were subsequently stored at — 20* C., thev died off very 
slowly, but if they were stored at — I* or —2’ C they died rapidly Evidence was 
brought to suggest that at the latter teinperatnies denaturation and subsequent 
flocculatioQ of the bacieual protem occurred similar to the changes that have been 
ob<erved in muscle In practice, a temperatuie of — 70* C is verv useful for tL<» 
presenation of many bactem and filtrable viruses. 

Dry Heat. — ^^e have seen that dismfectioD by drying is mffuenced by nmnerons 
email factors , in dismfection by heat, though numerous «mall factors may play 
a part, the one factor, beat, is so important that it overshadows them. TVe can 
therefore he more precise in our figures ivgardiog this method of disinfection 
Koch and Wolffhugel (ISSl) were the first to maie exact measurements of the 
effect of heat on micro-oigaiusms They found that vegetative bactena were 
killed by a temperature of just over 100* C mil hours , many, of conr-e, 'uc 
combed well withm this interval, hut this was the time necessary for complete 
eteriluation. Spores, on the other hand, were much more resistant, teqmnng a 
temperatnre of 140“ C for 3 horns for destruction On what this supenor 
power of resistance of spores depends is not known Probably it is related to their 
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lowr water content, since there is endence to shotr that desiccation can raise 
the time temperature limit necessary to canse coagulation of proteins (see Hewlett 
1909 Cameron 1930) The resistance of botii vegetatu'e bactena and of spores varies 
considerably with the different species some bemg killed much more rapidly than 
others The spores of moulds are intennediate in resistance between the vegeta 
tive and spotmg bacteria they requite a temperature of 110-U5® C for IJ hours 
for their destruction 

As with desiccation the higher the temperature the shorter is the sumial 
time Thus if the temperature is raised from to 160* C spores are killed 
in 1 to hours At 400* C they are killed m 20-30 seconds (Oag 1940) 

Eoch did not regard dry heat as an efficient method of disinfection Though 
satisfactory when dealing with naked bactena it is quite ineffectual within the 
times usually employed when the bactena are protected by textile or other reK 
tively non conducting material this is due to the low power of penetration of 
hot air Thus when a bundle of tow measuring 55 x 50 cm was exposed to a 
temperature of 14(1-150* C the mterior after 3 hours had only reached the 
temperature of 74 5* C — a temperatore qmte inadequate to kill the spores enclosed 
in the bundle Moreover a temperature of 140* 0 w sufficient in a short time 
to rum most cloth fabnes 

Flaming is a useful method of surface di<iiifectioQ for non inBaiumBble sub 
stances its efficacy appears to depend on the temperature to which the expo«ed 
surface is raised (Msyser 1925} 

Moist Heat — Eoch (Eoch el al 1881} lo conjunction with Gaffky and Loeffier 
was the first to make a quantitative study of the germicidal action of moist heat 
He found that the temperature required for stenluation of spores was much lower 
than with dry heat Thus anthrax spores were killed in 10 minutes at 9n* C 
and spores present in garden earth in less than 10 minutes at 105* C He also 
showed that steam under pressure is mote efficient than steam at atmosphenc 
pressure For the disinfection of clothes too he found moist heat to be preferable 
to dry beat as it has a greater penetratmg power Thus after 4 Lours dry 
heat at 140-160® C the temperature inside a roll of flannel was only 83* C 
and the contained spores germinated freely whereas after H hours of moist heat 
at 120“ C the temperature inside was J17® C and all the spores were dead Koch 
was greatly impressed by the value of boiling water from numerous experiments 
he concluded that even spores seldom survive its action for more than a few minutes 
H^e now know that Koch rather overestimated its efficscy for there are certain 
bacteria the spores of which will resist the action of boilmg water for hours This 
is especially marked with the thennophjbc bacteria thus Bigelow and Esty 
(1920) exposed the spores of thermophilic organisms suspended in a nutrent 
medium of pH 6 1 in sealed glass tubes to vanous temperatures in oil baths with 
the following results 
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Thus at a teroperstnre of 100® C they lemamed viable for neatly a day 
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''lundel (193") has found Ihst the addition of ** per rent sraJung soda (NsjCOj gieatlp 
increases the dianferting poirer of bcnhug water as wril as reducing the tendency of metal 
mstnnneats to ra.t Thus, spores m a t>-3o per cent- su.p«i_jDa of earth m aater rtsuled 
boiling for about 10 houre, but wens UQed in a 2 per cent, solution of soda at 9s® C. in 
10 to 30 minutes. 

It IS on account of th« resistance of «poit3 to boiJing icater that the antodaye 
has largely displaced the «teanie. m laborato'y practice Steam is still employed 
at atmospheric prcssrire for the sterilixatiozi of certain media tt* phy5.cal or 
chemical composition o! nhich would he altered by steam nndet pre_iire hot 
where this is necessary we take advantage of Tyndall s ohsercation, and submit 
the medium to »teaming for SO minutes on 3 «uccenTe days any sponng 
organisms that have not been killed on the first day germinate and thus bWoiae 
susceptible to eipo«tire on the second day It must be rtaliied that tyndaHiiation 
can be successful onlr if the nature of the medium and the conditions to which 
It IS subjected between succesnre heatin''» are «uch as to enable all the spores 
to ger mina te It IS quite inapplicable for inr*ance to the steriliration of bacteml 
suspensions in a non nutrient fimd. Sunilatlr it m unsuitable for the destruction 
of anaerobic spore bearing bactem the spores of wLch are unable to germinate 
aerobically or of tbermophilic sport-beanng c’ganinns which f^ to grow at a 
temperature below 50-5o C 

Steam under pressure ou the other hand u so eSeebee that a single steiiLm 
tion usually *ufices In the autoelare the steam, while being submitted to pres- 
sure still remains saturated with moisture u most ucpo*tant Sceam 

which 15 superheated behares hie a gas, and condenses Terr slowly on objects 
cooler than itself. Steam that remains saturated with moisnire is much more 
eSectire as it rapidly condenses on objects cooler than itself and hy giving op 
Its latent heat quickly nise« them to its own temperature All air mn*t bo expelled 
from theautoclaye before the pre^sure is allowed to rx-e otherwise the temperature 
developed be a given p*wcure of ®®eam will be le-s than that reached bv saturated 
<team (*ee Buhworth 193. Spooner and Torubull 194'’) Though the’^ are a few 
eicepbons itis^fetosay that *aturaled «teaiiiiinder8p»essureofl5lh5. per square 
inch, %jf with a temperature of about 120 C is suEcient to sterdire any medium 
in 30 mmntes. This is there*'ore the eiposure to which the usual m'“di3 are 
submitted 

The higher the temperature provided the steam remains saturated, tie more 
rapid 13 the stenbiabon. This is cleat from the results of B ge’ow and Estv 
But thera are certain factors other than temperature that a£ect the time cece'sarv 
for sterilirabon by steam One of the most important is the H ion concentraticm 
of the medium. 

It will be remembeied that Fas^eor la liu expenmests on Kpos^aneous geaeratKai (see 
Chapter 1) foond that IfoQiag was more letha! m an d than la an alkaLne Taednnn. 
This has since been confirmed repeatedly Bigelow and Estv fcycisiiJfA> working 

WTth the speses of thermophilic orgaoisms found that when suspended in an and medium 
of pH 4 C they were destroyed by a temperature of I“0 C m *’ minutes, whereas in a less 
acid tned um of pH. 6-1 jt tequiied 9 inuinfes to dc^rov them Chick (1910) likewise 
found that nuEUte quant Ues of aad or alkali, too email of themselres to p*odaee any 
genmndal action, had a very marked influence on the power of disinfection by hot water 
ttith these substances therateofdinnfectioowasuicjtased, but much m«e with the acid 
iS,rt snth the Thus woifcng with Salm lyjAi suspended la dis*ilkd wata- she 
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found that the addition of sufficient olkab toreafo' the solution N/7,000 alkaline increased 
the mean rate of disinfection at fi-t’ C about 1 6 to 2 fold , a auuikr addition of acid 
increased It 5 to 7 fold Further addition of alkali influenced the rate of disinfection but 
little, •whereas further addition of acid rendered it too rapid for study 

Other factors ate the ago of the culture and the nature of the saspending 
medium Young orgamsms are generally more susceptible to the action of heat 
and of chenucal disinfectants than old, while the presence of protem m the sus 
pension, or of sugar m considerable concentration {Fay 1934) tends to protect 
the organisms to some extent (For general information on stenliration by steam 
see Underwood 1934, Konrich 193S, and on the stenlization and testing of dressings, 
m particular, see Hayes 1937, Savage 1940, Chisholm 1941, Report 1942 ) 

Thermal Death Point of Bacteria. — The mode of action of heat on bacteria 
appears to be one of protem coagulation Chick and Martm (1910) showed that 
heat coagulation of proteins is an orderly process, the rate of which vanes with 
the alteration of temperature, reaction of the medium, and other conditions The 
actual process of coagulation consists of two stages m the first, known as denatura 
tion, the water reacts with the protem , m the second, known as agglutination, 
the altered protem separates out in a particulate form In the case of hiemoglohin 
the coagulation occnis logaiithmicaity, the rate at any moment being proportional 
to the concentration of uocoagulated protein Very much the same law appears 
to be applicable to bacteria * The higher the temperature to which they are sub 
mitted, the more rapidly is theu cellular protein coagulated Between dilleie&t 
organisms there ate considerable variations , thus some vegetative bacteria, such 
as the gonococens, are destroyed by heat at 47*^ C in a few mmutes , others such 
as the enterococcus, withstand a temperature of 60* C for nearly an hour It 
must not, however, be supposed that these temperatures are to be regarded ae 
specific thermal death points, irrespective of the time of exposure Chick (1910) 
has shown that the death of bacteria under the influence of heat is due to a protem 
coagulation , that this phenomenon occurs not at one definite point on the tern 
perature scale, but over a considerable range of temperature , and that therefore 
the death of bacteria withm a given range is mainly a function of tune To take 
for example Salm typhx the thermal death pomt of this organism is usually 
given as 65* C In expefiments osmed out between 49® and 69® 0 the tempera- 
ture coefficient, t e the rise m the veloci^ of disinfection, was found to be 1 635 
for 1*0 Gnea a lalue for A (see p 137) of 0111 at 49* C, it can be calculated 
that a suspension contaimng 100,000 bac^ per ml would be sterilized m about 
2 hours at 47* 0 , in 48 minutes at 49* C , in 18 minutes at 61® C , in 7 mmutes 
si 53’’ 0, IS 2^ mssiss si € , and sa 53 rwmMJ? at 69* 0 If therefore a suspen 

Sion was gradually heated, death might apparently take place suddenly at 55 G 
But it IS clear that this cannot be regarded as a pomt possessed of any special 
significance , it is merely a pomt near the upper end of a senes of temperatures, 
each of which m it«elf can legitimately be regarded as a thermal death point It 
foUows that for purposes of comparBon of the heat susceptibility of organisms of 
different species, it is essential to use suspensions of equal numbers of bacteria, and 
to ascertam at what temperature complete stenlization is produced within a given 
time Even with these precautions, as we shall see later, there is a certmn mac 
curacy, due to the apparent vanation m susceptibility of organi«m3 of the same 
species m the same suspension, resulting in the survival of some long after the 
majonty have been lolled 
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Effect of Heat oq Subsequent Holtiplicaiion — In bia studies on disinfection, 
Koch noticed that spores *Khich had been heated but not quite killed required 
longer to germinate than unbeated spores Similar observations hare been recorded 
by numerous workers both with spores and with vegetative hactena The ton 
cIusioQ usually drawn is that danng the process of heating the organisms are 
damaged in some way, so that their ability to multiply when subsequently trans 
ferred to suitable conditions is intexiered with Certain figures of Eijkman (190SJ 
lend support to this new , he heated a suspension of Bact coZi m saline at 52® C 
and after rarymg intervals he made duplicate plates to ascertain the number of 
organisms remaining alive One set ol plates was counted after 3 days’ incu 
bation, and the other set after 15 days' incubation The results are shown 
ID Table 4 

TABLE 4 


t*Drtb al b««UBt 4t It* c 

1 Wa.t<iiTe»Bl>iDtdrveSoiilogaSlC7lBralatk«iDt — 

ad.yi. 1 

1 ]5d«n. 

0 muiaUe | 

336000000 

336 000 000 


U4 000 000 

1 144 000 000 

1 

115 200000 

l‘»8 000 000 

2 

51 *00000 

1 65 600 000 

3 

4 000000 

1 33600000 

6 

800000 

2 -20.000 

6 

, 0 

610000 

10 

' 0 

3 750 

16 

0 

' 1000 

36 

0 

1 


It wdl be noticed that during tbe first 30 seconds the heat though killing 
over 60 per cent of the orgaai<ms does not interfere with the reproduction of 
the lemaioder Subsequently, the longer the organisms are exposed the greater 
IS the difference between the results of the two series of plates This suggests 
that a certain proportion of the remaimng viable organisms are injured, and that 
the longer they are subjected to beat, the greater is the interference with their 
reproductive power ' 

Similar results have been obtained by Allen (1923), who, working with milk, 
found that the generation time of non sponng organisms which had been pas- 
teunzed was longer than that of tbe untreated organisms indicating an attenuatioo 
of the pasteurized organisms 

A different interpretation has however, been proposed Eckelmann (1917) 
suggests that the reason why a certain proportion of heated organisms require a 
long tune to germinate is not because they are suffering from the effects of beat 
but because they are provided with a more resistant ccU membrane, which while 
allowing them to withstand temperatuiea that prove lethal to their fellows, inter 
feres with their rap d reproduction. According to her, heat would act as a selec 
tive agency, kilhng off all the bacteria with thm cell membranes and a power of 
rapid reproduction, and leaviug mtact the bacteria with thick, relatively iinper 
meahle cell membranes and a restricted power of reproduction Burke (1923) 
adheres to the same view She fonnd that the spores of Cl hotuUnum frequently 
took several days to germinate even when placed under optimum conditions 
When the spores were heated the gennination period was increased generally 
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m proportion to the length of exposure , she lonnd that tbep might Its dormant 
for as long as 426 days Her conelnaions ate that the reason why the spores 
xssist heat is because they are ckaisct&aed by tie posessfon of an imperme 
able membrane, which is also the cause of their delayed germination The 
thicker the membrane, tho more resistant is it to heat, and the longer does the 
organism take to develop 

The evidence m favour of the second view does not appear to us to be as con- 
vincing as that m favour of the first Hijkman’s figures, given in Table 4, are 
very stnkmg, and, assuming their general validity, it is difficult to avoid con 
cludmg that the eflect of heat is to increase the lag period oi such organisms as 
remain viable That the escape of the few is dependent on the possession of a 
relatively impermeable cell membrane is quite possible, but ifc fails to explain 
why in Eijkman’a experiments before heating all organisms developed in 3 
days, whereas after heating some ^led to develop for 15 days 

Though sub lethal heat may delay germination df spores, the opposite effect has been 
recorded by some workers Clhnstian (193ia, ft), for example, working with an aerobic 
spore bearing bacillus isolated from tainted nulk, found that germination appeared to be 
stimulated by heating the spores to 100“ C for 30 minutes at the tune of inoculation 
Evans and Curran (1913) also observed that healing spores of some species of aerobic 
spore bearing bacilli for 10 minutes at 85“ C often stimulated germination In genera! 
nidd heating followed by 3 hours’ mcabation led to about the same degree of germination 
as 24 hours incubation without pre heating 

Chetnical Agencies 

Distilled Water — The evidence concenung the action of distilled water on the 
viability of bacteria is most confiictmg Spores are undoubtedly able to survive 
for a long time , thus Koch found that spores of the anthrax bacillus remamed 
alive for more than 90 days But with vegetative organisms it is otherwise 
Some workers have found that they will soivive for weeks, others that they are 
destroyed in a few hours Such confusion can be esplatncd only by diSeiences 
m techmque One such difference of prunary importance is the nature of the 
vessel from which the water i$ distilled When a metallic still is used, traces of 
the metal are carried over into the distillate and undoubtedly exercise a deleterious 
effect on the bacteria Fickcr (1898) found for instance, that water containing 
copper sulphate in a dilution of 1/50,000000 was sufficient to kill cholera vibrios 
m 1 hour, wbile Hoder (1932) found that distilled water containing 1 part of copper 
m 10 nulhon sterilized a suspension of Ps pyocyonca in 2 hours 

But even those who state that they used glass distilled water have obtained 
varied results One reason for this discrepancy may he m the number of bacteria 
inoculated In this connection some stnkmg figures arc reported by Ficker (1898) 
In one experiment he seeded pure glass-distilled water with 60,000,000 cholera 
vibnos per ml , and found that they remamed viable for several months In 
another experiment, m which he reduced his inoculum to 10,000 pet ml , the 
organisms were nearly all dead m 2 hours He explains such a difference on the 
assumption that the inoculation ol Is^ nmabers of orgamsmsinto distilled water 
converts this into a dilute nutrient medium, no longer possessing the essential 
purity of the initial menstmom The H icm concentration of the water may also 
be an important factor Thus Winslow and Falk (1923) give the followmg figures, 
compiled from no fewer than seventy mne tests . 
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Vusnjrr ot Bo«l {o(> a Bistsixd Watts aitts 9 Hocsa at 37* C.* 


1 

SO 

1 ee 

66 ' 


1 

84 

I'ercentage o( orgamams enmnng j 

> 

82 

1 loer 



12 


* pH was adjust^ by miaate additions of actd nr alkali 

f This figure suggests that a alight locmMin tbo numbers of snmriiig organisms may bare 
occurred 


The mamnum viability occurs at pll 6 0 Cohen (1922) has likewise ehown 
that when the pH of water is stabilized by the addition of buffer salts, the results 
ata much more tegular 

Other factors that may inffuence the action of distilled water on hactenal 
viability are traces of alkali absorbed from the glass, tbe amount of COj absorbed 
from the air, the quantity of dissolved oxygen, and the temperature at which the 
suspension is maintained Whipple and Mayer (1906) studying the length of 
hfe of Snhn li/phi in sterile tap water showed that it remain^ viable for nearly 
2 months when the water was exposed to the air, but died oat m 4 days 
when the water was kept oodet anaerobic conditions Houston (1914) likewise 
working with Salm li/phi, found that when suspended in water kept at 0‘’C, 
It Used for 8 weeks, at 1S*C for 3 weeks, and at 3T*C for only 1 week 

Ra mmi ng up we may say that the length of hfe of vegetative bactena m dis 
tilled water is influenced by a large numWt ol factors When tbe«e iactem are 
all favourable the organisms may remain viable for considerable penoda , when 
unfavourable, they may die out to a reiy short tune , further, the effect vanes 
greatly with different species of organisms. There is no evidence that disfQled 
water acts by causing disruption of bacteria, as it does of manr cnicellalar 
organisms bacteria arc too resistant to changes in osmotic pressure for thu to 
be probable 

Axais — Ksouig aud ?aal (1891) were the first to shew that the disinfectant 
action of acids in general is proportional to their degree of electrolytic dissociation, 
I e to the H loa concentration of thw solutions. Borne figures of 'ffinalow and 
Lochridge (1906) wib make this clear Comparing the strengths of HCI and 
HjSO* necessary to produce a 99 per cent and a 100 per cent reduction m the 
numbers of Sac( cofi in 40 minutes, they observed that the disinfectant action 
of these two acids was in proportion to their degree of dissociation Their results 
are given in Table 6 


TABLE 6 

Showko PxaciarTAaE Beovcttov or Bij«f «o/» ix 40 Slavrzs bt iews or Dittxbzst 
Stseuctbs 



Mpereent 

BedostloB. 

100 per ernt- EeSnctlon, 


na 

H,S 0 . 

HCI 

B,SO« 

Nona»Lty 

Degree of dissocistjoa 

Parts per miDion of dissocuted 
hydrogea 

041077 

97»„ 

749 

0-0099 

80 % 

763 

04)123 

964 % 

12 8 

04)166 

78 ®o 

12 6 
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It will be noticed that to cause a 99 per cent, redaction, tie strength of HCl 
requued was 0 0077 normal, whereas that of HiSO* was rather greater, 0 0096 
normal But as the degree of dissociafaon wm greater with HCI than with H,SO„ 
the final concentration of H ions in the two solutions was practically identical 
Prom this experiment we may, therefore, conclude that the disinfectant action 
of mineral acids m high dilution is a function of their degree of dissociation, and 
hence of their resulting H ion concentration Incidentally, we may notice that 
a considerably higher concentration of acid is necessary to stenlire a bacterial 
suspension completely than to reduce its numbers by 99 per cent This pomt 
will be dealt with under the section dealmg xnth the physical factore concerned 
in disinfection 

The eSect of the H ion concentration of the medium on bacteria suspended in 
it IS rather complex There is, first of all, an optimum concentration for growth , 
for Bad coh this is about pH 7 6 There is, secondly, an optimum concentration 
for survival , for Bad eoh this is about pH 6 0 Thirty, there is a point at which 
the acid tolerance of the organism fails , timloTBact eoltis&houtpTliS During 
growth m a medium contaimng a fermentable carbohydrate, Bad eoh produces 
acid, which raises the H ion concentration of the medium to about pH 5 0 This 
degree of acidity can be well tolerated, but if the acidity is increased beyond this 
point, instead of continuing to grow, the organisms cease multiplying and rapidly 
die And lastly, there is evidence that the H ion concentration most suitable 
for certain fermentative processes is different firom the optimnni pH for growth 
(Cohen and Claih 1919, Gale 1910) 

Here, however, we are deabng with the acid tolerance of micro orgsmsms 
and this bmit vanes with different species In Winslow and Lochitdge’s expert 
xnents, already referred to, the parts per million of dissociated hydrogen necessary 
to sterilize a suspension of Bad e^i lo 40 minutes were 12 80 to stenhze a 
suspension of Salm typln only 4 85 were required 

Apart, however, from the action of their free H ions certain acids have another 
disinfectant action on bacteria, which appears to be dependent on the nature of 
the molecule To produce a 99 pet cent reduction m the number of Bad eoh 
m 40 mmutes, Winslow and Lochndge (1906) found that a 0 0812 N solution 
of acetic acid, or an 0 0097 N solution of ^nzoic acid was required The degree 
of dissociation of each acid at its respective concentration is only about 1 per cent , 
so that the amount of dissociated hydrogen in the acetic acid was 1 2 parts per 
million, and m the benzoic aad 0 1 parts pet milhon It will be remembered, 
however, that when HCl was used, 7 49 parts pet millioa were necessary From 
this it 13 evident that the toxic action of acetic and of benzoic acid depends on 
some other factor than their H ion concentration This other factor mast be 
either the anion or the undissociated molecule There is some evidence that the 
bactericidal activity of the monobasic aenea of organic acids increases with increase 
in molecolar weight aad decrease in surface tension, while with the dibasic organic 
acids the reverse holds true (Reid 1932) Halogenation of the fatty acids is sai 
to increase their germicidal power (Tetsnmoto 1937) The subject, however, « 
complex, and no general statement can yet be made , it will be discussed further 
m the section dealing with salt action 

SciniARy —(1) The disinfectant action of mmeral acids is proportional, not 
to their normal strength but to the nmnber of free H ions per unit volume 
(2) The organic acids are only cb^Uy disociated. so that their H ion con- 
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centration is relatively low As, however, tliey tave a maiVrfly gertmodal tSect, 
itmn't be concinded that this isa proper^ of the whole molecnJeorof theaaioa 
and IS specific for each acid , acetic acid bas, for exataple, only 10-20 per cent 
of the toncitj of benzoic acid, 

(3) Certain other acids, sneb as Baonc acid and nitne acid, hare a specific 
action, which is probably dne to the atuon. 

Alkalies — By simEar eipemnents to those desenbed m the section oa aads, 
Kronig and Paul (1897) showed that the disinfectant action of alkalies was dependent 
on their degree of dissociation and hence on their concentration of OH ions. 

Thus of the bases KOH NaOH LiOH, and XH4OH, EOH shows the highest 
degree of dissociation and is hence the most activelv gemucidal , UH^OH i« 
dissociated (he least and is the least actively germicidal (Table 6) 


TABLE «. {KfAtugaadEfcolier) 

DisTmcnov or Armrax Spoxes bv Atxittrs Icitul noteber of spores m aboot 6 SOO 



1 EtmigUi, 

rmeaUP* 
l><-zn« (4 
Doaoditlink. 

\ Vo taiililai aftrr | 


abvSocuBk 

ISfca. 

EOH 


77 

SS5 

31 

SbOH 

1 M/1 


619 

33 1 

LiOQ 

! SI/I 

64 

778 

44 

NH,(0H) 

SI/I 

OA 

0 

1 

" 1 


H hen we tom to other base^ we find exceptions Thus, Ba(0H)i ts Ie<s dis 
sociated than KOH bat is very much more tone , similarly with the hydroxides 
of the other alkabne earths The reason for this, as we shall see in the section 
on salts, IS that the metallic ion is freqaently highly tone, and assists the hydroiyl- 
lon in its germicidal actintiea. 

cSumjn<in"i»i5, we may say that unless a tone metallic ion is present, the dis- 
infectant action of an alkali is proportional to its degree of dissociation, and hence 
to its concentration of hydroxyl ions. 

Jn'st as bacteria possess a limi t of acid tolerance, so thev pcesess a limit of 
alkali tolerance, Cohen (1922) found that for Safm typti this was about pH 8 7 
It IS of interest to note that H ions appear to be more tone than OH 10ns m simtlat 
concentration. 

Salt Achon, — ^Thongh this chapter prunarily concerns the bactericidal action 
of vanous physical and chemical agenoes it is convenient to mtrodnee here the 
sabject of salt action in general 

We have seen that distilled water cannot be considered a satisfactory men 
stmum for bacteria. Many of the Tentative organisms die rap dly in it, and 
few survive for long Ficler (1895) was the first to make direct ob^rvations on 
the action of physiological saline on bacteria His results showed that instead 
of beinf' harmless it was actively bactencidal. Subsequent workers have con 
firmed his observations and have demonstrated that the bactencidal effect is 
doe to the toxicity of the sodinm ion 

Delepine and Greenwood (1914) working with a nnmbet of heavy metals — 
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copper. Sliver, zinc, cadnuum, mercarj— found that, though in certain concentrations 
they had a strong inhibitory action on bacterial growth m lower concentrations 
they bad the re^etse effect, actually atunalating growth Winslow and Hotcli 
bss (1922) found that the same held true for some of the 1 ghter metals (Tabic 7) 


TABLE 7 

Eiwect or DiFPEnE'jT CoNcrNMiTTONS or Sants ov Gsowth or Bad eolt rv 1 per cevt 
Tamrts Water 



SUaaUtloe 

1 tnhlblUa; 

CaCl, 

OOIM 


JIgCl. 

003 »I 


NU.Cl 




01 M 


^ACl 

OSM 



OSU 

40U 


A further point of interest was brought out by Sherman and Holm (1922) who 
showed not only that NaCl stimulated growth in a concentration of 0 1 to 0 3 
but that it widened the range of H ion concentration within which Sad cob would 
grow .Taking just visible turbidity of the culture as the sign of growth, they 
obtained results set out in Table 8 

TABLE 8 

Oaowrn up Bad tolt cf Meou op DemaasT pH is Tns Paisitcs atu Absikob op NuCI 


Utdlan 

pB 

TuiMdtt; 

PW 1 

53 

36 boars 

PW02MNaC1 ' 

63 

4 . 

PW 1 

S3 

7 . 

P W 0 2 M ^»C1 ' 

83 

3i , 

PW 1 

48 


PW 02MNftCl I 

48 

1 SOhoojs 1 


Thus the addition of 0 2 M KaCl to a 1 per cent solution of peptone m distilled 
water increased the rate of growth at unfavourable pH concentrations and actually 
enabled the organisms to grow at pH 4 8 — a concentration at which in plain pep 
tone water they refused to grow at all 

It must be pomted out that a salt which is bactericidal in an aqueous solution 
may exert a stimulating effect when added m the same concentration to a nutrient 
me^um 

Having referred to the favouraWe acboo of many weak solutions of salts on 
the growth and on the euivml of bacteria, we must now pass on to consider their 
tn-nff action This is the action which appealed particularly to the early workers 
Koch in 1881 drew attention to the toxic action of salts, especially to the salts 
of the heavy metals such as merciuy and silver There is no doubt that Koch 
overestimated the germicidal efi'ect of these substances Geppert (I8S9) pointed 
out that if the excess mercury or silver was removed at the end of the test by 
bubbling HjS through the suspension, conadwobly higher concentrations of the 
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heaT 7 metal -wcie leqtuied to destroy tbe oigamsms than had been fonnd by Koch. 
Geppert showed that minute concentrations of heavy metals were sufficient to 
inhibit growth, but were nnable to kdl the organisms Observations by Fildes 
(1940) have shown that mercnty is even less bactencidal than it was thought to be 
by Geppert Fildes has brought some evidence to suggest that mercury acts by 
combining with the — SH groups of the bacterial cell, which are essential for meta ' 
holism If the mercury is neutrahaed by the addition of — SH compounds, like 
glutathione c}stemo or thioglycoUate, bacteria arc able to grow after treatment 
with strong raercniy Eolations which previous workers have regarded as being 
actively germicidal It Beema possible, therefore, that mercury, and perhaps other 
of the heaiy metals, act b) interfenng with essential metabohtes of the cell In 
viTtuc of this properly its bacteno'^atio power is high, but its bactencidal effect 
13 comparatively low In estimating the bactencidal effect m practice, it « neces 
sary to remove the excess of mercniy from the snspension at the end of the test 
period by treatment with H,S or ammonium sulphide, and then to cultivate the 
organisms m a hquid medium containing I per cent thioglycollate in order to 
provide an adequate coDcentrattoQ of — SH groups Records of the germicidal 
effect of mercury solutions not based on the use of this method must be regarded 
as unreliable The same cnticism apphes to the o^mc salts of roercory, such as 
phenyl metcunc nitrate and several proprietary preparations If thioglycollate is 
added to the broth used foe aubcnUnre, none of these sobstances is able to destroy 
Staph aureiii ot Bad co/t in a l/l,0Q0diIutioa in 10 minutes at room temperstnro 
(Hoyt Fisk and Borde 1942) 

Eromg and Paul ( 1897), and Later Paol and PraU (1907), made the very important 
discoveiy that the toxicity of solutions of HgCl, depends not ©n the molecnlai 
concentration of the salt but on the concentration of free Hg ions m the solution 
Thus the halogen salts of oetcoty were fonnd to be active m propottiepti to their 
degree of electrolytTc dissociation, 

HgCl, > HgBr,> HgT, 

Solutions of salts in which the mercory was combined with a complex anion, and 
m which the degree of dissociation was poor, such as mercury acetate or cyanide, 
were found to be much weaker m germicidal power The behaviour of the salts 
of the heavy metals is therefore aualogons to that of the mineral acids, the toxicity 
being in proportion to the concentration of free metallic lous and of free H ions 
respectively 

The mode of action of heavy metab tfaemselrea. na apart fiom their salts, is not clear 
Tbeir toxicity may be demonstrated either by adding them to distilled water, or by pbcing 
them, in the form of a bar or com, on tbe surface of an inoculated agar plate Kliiig(1932) 
believes that the pure metal goes into actual solution On the other hand the expenmmts 
of Hofmann ( 1929) and Filod and CodveDe (1932). both of whom found that oxygen was 
necessary for the manifestation of ioxiatr^ suggest that an onde of the jnetal is formed 
which then undergoes ionization. Pure loetal^ of course, cannot ionize, and their failure, 
whether in aqueous or colloidal solution, to prove toxic under anaerobic conditions, points 
strongly to the necessity of prehnunaiy salt formation followed by their ionic dissociation 

A vast amount of work has been done on the effect of different salts on bacteria. 
As the salts of mineral acids are electndytically dissociated, it is cleat that their 
action may be due cither to the undissociated molecule, to the anion, to the cation, 
or to all three in combination To assess the importance of each of these factors, 
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comparative tests Lave been made -with salts of one metal combined vntL different 
anions, and of one anion combined with drSeient metals These tests ha\e been 
conducted not only on various bacteria but on protozoa, and on the eggs of certain 
fish On the whole the results have been, reasonably concordant, as may be seen 
from Table 9, m which the enttous are arranged in order of ascending tovicitj 
It most be understood tbit strict compaasou of the action of different salts can 
be undertaken only m media of the same H ion concentration 


TABLE 9 (modified from Falk 19‘’3) 
Catichs nt Szmss ov IhcKEAsura Toxicnr 


Ebcdbrrg (laiS) 

Hactrila 

Wlnatowuid 
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fart colt 

Woodraff an] 
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K 

K 

Sr 

X 

.Na 

Ca 

Mg 

NH, 

NH, 

Za 

Ba 

Li 

Li 

Sr 

K 
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Sr 

Mg 

NH, 

Sr 

Mg 

?l!n 

AI 

Ca 
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Co 

C* 

Ba 

Ba 

Ni 

N» 

£In 

Mo 

Cd 

Mo 

C« 

T» 

Co 

li 

Th 

Sn 


Fe 

re 

Ni 

P6 

N« 

Tt 

Tl 

Pe 

Co 

Or 

Zn 

Hg 

Zn 

U 

Co 


Au 

Zn 

Fe 


Cd 

Fe 

Fe 


Oa 

Ti 

Co 


Fe 

Be 

Pb 



A! 

A1 



Ne 

Ce 



Pb 

Cd 



Cm 

Hg 



Tl 




Zr 




Ni 




Cd 




Co 




Aa 




Pt 




Hg 




M 





From this table it will be Been that on the whole those metals of low atomic 
weight ate less tome than those of high atomic weight, though there are many 
exceptions 

To give some idea of the actual stxcngths necessary to cause inhibition of 
growth of colt soma results of Hotchkiss (1923) are given in Table 10 She 
divides her salts into two groups, the mote toxic ones comprising those of the 
heavy metals, and the less toxic composing those of the alkali metab and of 
the alkaline earth metals The salts of Group I give neutral eolutions , those 
of Group 11, owing to hydrolysis yield eoIatioDS with an acid reaction 
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Silt CoxcB’^tbatioss tiut umit Gbotth or Baet cjrfi is 1 per cest Pzptoke WiTsa 
locnbation penod. 3 daja. Slolar concentration. 
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Salt. 

Xo Growtli 

Cmrth 

Salt. 

>0 CrowUl. 
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MnCl, 

005 

0(05 

HgO, . 

0-00001 

0000003 

Baa, 

025 

0-1 

cda, . . 

OOOOl 

000005 


_ 

_ 

CeCI, 

0-0005 

00001 

C*C», . 

05 

0-25 

Aia, . . 

00005 

OOOOl 

Mga, 

05 

025 

PbCI, . . 

00005 

OOOI 

SrCl, . 

1-0 

0-25 

Coa, . . 

00003 

00001 


_ 


FeCI. . . 

OOOI 

00005 

Lia 

0-75 

05 

F«0, . . 

0001 

00005 

NH,a 

1-0 

0-75 

Cua, . . 

0 00! 

00005 

Nad . 

20 

1-0 

ZnCI, . . 

0(X)1 

00005 

Ka 

SO 

1-0 

NiCI, . 

0D05 

OOOI 




SuO, . . 

0003 

OOOI 




TiCi . . . 

(K)03 

OOOI 



~ 

TiCI, . . 

OOl 

00025 


A farther point may be noted from this table, namely, that the biralent cations 
tend to be more toxic than the moaoralcnt cations 

Very much less worV. has been done on the eOect of onions on the growth of 
bacteria Falk (1923) pomta out that the anions play an essentially different 
part in metabolism from the cations The former are intimately related to the 
nutritive mctabolism'—particularly the anions that contam carbon, sulphur, 
mtrogen or oxygen — whereas the latter are concerned with the regulative meta* 
bolism of the organism. Nevertheless, the anions in certain concentrations do 
undoubtedly possess a toxic action on bacteria Some figures of Holm and Sher* 
man’s (1921) will exemplify this pomt They grew Had coli in 1 per cent peptone 
water, to which were added various sodium salts, the H ion concentration being 
kept practically constant, and compared the rate ot growth in the diGercnt tubes 
(Table 11) 
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ANTAQONISTIO EFFECT OF BALT3 

Viom this It tvill be seen that the Q job iras the least, and the F Jon the roost 
toxic 

One of the most extensive studies is that of Eiscnberg (1919), who arranges 
the anions in order of toxicity thus SO, <S,0, •< Tartrate < II,POj < MoO* < 
Cl < Br , NO, < SO, < Fe(CN)," " < Acetate <; CIO, < Citrate < HPO, < 
Oxalate <Formate < C^S < CIO, < BtO, < I < H,PO, < Benxoate < Nitro- 
prusside < HAsO, < CrO, < P,0,< NO, < F < BF, < HF, < BO, < B,0,< 

Fe(CN),"'<Salicylate<HSeO,<;lO,<:^,O,<S,0,<TeO4<SbS.<0s0.<r 

r04<Cr,0,<TeO, 

The action of salts depends to a large extent on the medium in which they 
are dissolved , thus they are more active when dissolved in distilled water than 
when dissolved m a medium containing protein This is an observation that has 
been made frequently (Behring 1890, Kionig and Paul 1897, Chick and Martin 
1908) Probably jt la due to the fact that many cations combine with proteins 
to form an insoluble albiumnate, hence the concentration of free ions in the 
medium is diminished 

Another important observation is that different bactena vary in susceptibihtv 
to the same salt v Euler (1909) found that S subtilts was killed by N/10 LiCl 
whereas the El Tor vibrio was unharmed by N/5 liCJ Eisenberg (1919) found 
that B anihrac\s possesses mote than the average resistance to fiuondes, todates 
and oxalates 0 diphtheria to telluiates telluntes, Ni and Cu Salm tjphi 
to Sr salts , the pueumococcus to femcyanides and telluntes , and T cholera 
to chlorates and perchlorates Certain organisms may be grouped together as 
having a similar suscepttbibty to the action of salts , thus, Slophplocoecua pt/ogenes 
and Staphylococcus candioans , C diphtheria and the diphtheroid bacilh Sahn 
typhi and Bad coU , Chromo prodigiosum and Chromo kielense ate grouped in 
pairs each member of the pan exhibiting a sunilai eusceptibihty to different «alts 

As well as tlus relationsbp, however, there is a difference to resistance exhibited 
between members of the Oram positive and the Gnm negative group of organisms 
Eisenberg found that many salts are more toxic to the Gram positive than to the 
Gram negative bacteria This bolds not merely for particular salts, but for tbeir 
s. constituent amons and cations On the other hand, some salts, such as potassium 
tellurite (Fleming 1932, Fleming and Young 19f0) and sodium axide (Snyder and 
Lichstein 1940, Mallmann d al 1941), are mote toxic to Gram negative than to 
Gram positive bactena This property is now made u«e of m the preparation of 
selective media 

The difference m susceptibility to sodium chloride has been suggested by Seboop (1Q35) 
as a criterion for bactenal classification He divides bactena into throe classes (1) those 
thatgrowin ordinary media but not in media cootaioing 10 per cent NaCl — non halophiles , 
(2) those that grow in both media — facnltativo halophilca , (3) those that grow only m 
media containmg 10 per cent NaCl — obbgatory halophiles The last group of otganisms 
are found mainly in sea water, and in sand and. mud adjacent to the sea. 

Aotagonistic Effect of Salts — Hitherto we have been considering the effect on 
bactena of solutions containing one salt , we must now examine the effect of 
solutions containing more than one salt 

Flexnct (1907) found that an OK per cent solution of NaCl cfla*ed rapid 
disintegration of the meoingococcus but that when a calcium salt was added 
to the solution, this dismtegration no longer occurred The conclusion he drew 
was that NaCl by itself is toxic to the meningococcus, but that its tone action 
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can be neutralized by a salt of caleiom Students of physiology will recall the 
similar observations made by Ringer on heart muscle m 18S0 Shearer (1919) 
found that tiling bactena offered a considerable resistance to the passage of an 
electric cunent, depending apparenUy on the relative impermeabibty of the cell 
membrane Usmg, therefore, electrical conductivity as his entenon of viability, 
he obtamed evidence suggesting that a 0 85 per cent solution of NaCl was toxic 
to the meningococcus, but that this toxic action could be neutrebzed by the addi 
tion of a trace of CaCl, or other bivalent salt On the other hand, it appeared 
doubtful whether the toxic action of a bivalent could be neutralized by the addition 
of a monoialent salt 

Similar results have been obtained by other workers v Eisler (1909) found 
that the inhibitory action of laCl on B suhtiTiS could be counteracted by the 
addition of a divalent, but not of a monovalent salt Thus, N/10 LiCl was 
counteracted by N/20 CaCl, by N/200 Bad, or by 2C/200 iigSO, Further, 
be showed that the inhibitory effect of a divalent salt could be counteracted by 
either a mono or a divalent salt Thus, N/750 MnSO, was counteracted by 
N/200 Ca(N0,), and by N/lOO Kd This latter conclusion differs from Shearer’s. 

It must not be thought that the mete addition of a divalent to a monovalent 
salt will render the solution favourable , the two salts must be present in definite 
proportions If not instead of being harmless to the organism, the solution may 
be actively toxic Thus Winslow and Falk (1925) found that 0*115 H solution 
of CaCl, mixed with a solution of bad of two or three tunes this strength was 
highly toxic to Ract eofi As the proportion of bad was increased -to four times 
the strength of the CaCl, solution the toocity of the solution diminished very 
markedly That is, a solution of 0*145 M Cad, + 0*290 M KaCl was toxic , a 
eolation of 0 145 hi CaCl, + 0 6S0 M bad was non toxic. A farther increase of 
bad rendered the solution again toxic 

This antagonistic effect of salts brings us to the conception of a balanced 
eolation A balanced solution is one m which the proportion of the different 
salts IS 80 ordered that their individually toxic effects are neutralized In such 
a eolutiOD bactena are able to sorvive very much longer than in a solution of 
any one of the constituent salts Rmget’a solution is of this type, and has the 
following composition 


Nad 

Rd 

CaCl, 

banco, 

Glasa-distilled water 


0 9 gm. 
0042 gm 
0-04S gm. 
0*02 gm. 
100-000 mb 


Wmslow and Dolloff (1923) hare, however, drawn attention to a posable fallacy m the 
interpretation of the antagonistic effect of salts According to them, all cations appear 
to stimulate growth in a certain low conemtration and to inhibit it in a certain higher 
concentration So far as nabibtv is concerned, therefore they would postubtean optimum 
ionic concentration for each organism, depending probable upon an alteration m the 
permcabibty of the cell walk They would expl^ the apparentlr antagonistic effects of 
monovalent and divalent salts as being due not to a qualitative antagonism between the 
two cations, but to the production in the soqiension of a more favonrable lomc concentra 
tion for the aumval of the bactena In support of this they quote experiments in which 
the toxic action of a given salt in dilute solution has been annulled by increasing the con 
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centration of the same salt How far tins ejqdanation is of general applicability, it is as 
yet impossible to say 

The interaction of ranous salts is of considerable importance in disinfection 
The germicidal action of any one salt may be increased or diminished by the 
addition of any other For example the additioh of NaCl is said to lower the 
toxicity of HgCI, but to increase the toxicity of metcuric mtrate, sulphate, or 
acetate In estimating, therefore the toxicity of a salt, the saline content of the 
solution m which it is acting must be de£n^ Norton and Hsu (1916) showed 
thst eafts were able Co modify the gurmicidaf power of acids IFhen ammonium 
formate was added to formic acid, the H ion concentration of the solution decreased 
as a result of an increase in the concentration of undissociited acid molecnles 
and its disinfectant power was lowered , when sodiam nitrate and sodiom chloridi 
were added in very small quantities to formic acid the degree of dissociation of the 
acid was hardly affected, but its dismfectant powerwasconsiderably increa«ed Tbev 
conclude therefore that the addition to an acid of a salt containing an anion common 
to this acid diminishes its dismfectant power , the addition of a salt which does 
not have an} appreciable effect on the dissociation of the acid greatly increases its 
dismfectant power 

Not only do salts assist ot antagonize the action of each other , they have a similar 
effect on disinfectants of quite different cbenucal constitution Scheuilen (1895) 
showed, forinatance that the addition of sodium chloride in a concentration of 21 
per cent to asolution of phenol increased its disinfectant power Sechman (1596) 
confirmed this, and found that with staphylococci the edition of even 1 per i.ent 
NaCl to 1 per cent phenol apparently increased its activity IVitb anthrax spores 
the addition of 6 per cent. NaCl to 1 per cent phenol Lad no effect 12 per cent 
NaCl increased its activity slightly, and 24 per cent NaCl increased its activity 
very greatly Thus 1 per cent phenol alone f^ed to LiU a suspension of 24 800 000 
spores in 8 days , 1 pet cent phenol + 24 p^t cent NsCl killed them completely 
in between 5 and 24 hours Romer (1898) confirmed the work of Beckman, 
showing that the greater the amount of salt added, the greater was the increase 
m disinfectant power As a rule, the more toxic a salt is in itself, the more does 
It supplement the action of the dismfectant (Eisenfaerg and OkoJsLa 1913) 

Mode of Action of Salts — In endeavouring to explain the notion of salte on 
bactena, we must remember that we are dealmg with a complex problem of which 
there is no simple solution Many factors are concerned, and the most we can do 
here is to discuss the most important m turn 

(1) X7ie Osmotic Effect —It is doubtful whether salts, except in high coucen- 
tratioBS, exert any ladaence oa bacteaa hy vjrtae oS their osmotic pressure 
Bactena differ in this way from practically all other living cells Thus Fischer 
(1900) observed that B svbtihs grew well in an infusion contaming 9 per cent 
NaCl, 11 per cent KCJ, or 10 per cent KNO,, and Knaysi (1930b) found that 
to demonstrate plasmolysis m this organism a 25 per cent solution of ^aCl was 
required Though salts have little direct osmotic action on bactena, they may 
exert an indirect action by causing a dehydration of the proteins on wtoh t e 
oigamsms are growing It is this dehydrating action of salts which is relic on in 
many processes of food preservation 

(2) Oiidotion —Salts and certam allied bodies that contain a high proportion 
of oxygen, or that are able to liberate o^gea from other compounds, have long 
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been known to be highly germiadal Krfiaig and Paul (1897) compared the dis- 
infectant activity of certain ondiang agents with their ondative capacity, as 
measured by the method of electrical oxidation chains According to this method, 
oxidizing agents are arranged in order of decreasing oxidizing capacity thns 
HKOj dichromic acid, chlonp acid, O, HjStOi, and permangamc acid. Thu 
order was, with the exception of chlorine, the same as that of the germiadal action 
of these substances Chlorine, bromine and lodme were found to be germiadal 
in inTer«e order to Ibcii atomic weight Their action appears to depend on the 
liberation of nascent oxygen Ozone is another powerful oudinng agent , hie 
wise HiOt a 3 per cent solution of which tills anthrax spores in an hour One 
of the most commonly used of this group of chemical substances is E,MnjO| , 
like (NH 4 ]^jOi ita action is increased by the presence of Hd Eromg and Pan! 
prepared a mixture containing 1 pet cent and 1 1 per cent HQ dis- 

solved m water, and fonnd that it would kill anthrax spores in 30 seconds A 
similar mixture containing 3 7 per cent (Nn,)jS|0| and 1 1 per cent HCI was 
found by Andrewes and Orton (I9(M) to exercue an effect very nearly as power- 
ful Both these are extremely potent, bnt even more potent is HOCl, which in 
a concentration of 0-01 per cent kills anthrax spores in 30 seconds So Car as 
activitv 18 concerned, thu u one of the most powerful germiades we know 
Bleaching powder acts by virtue of its abihty, when acted upon by weak acids 
such as H,C0, to yield nascent oxygen, wbch then combmea to form HOCl 
nOCI combines with organic substances contaimog the sKH group, to form 
chlora mines 

>jrH + HOCl >N Cl -I- H,0 

B, R, 

It u found that all bodies containing the KQ groop are strongly antiseptic (Dakin 
1915) 

(3) Redvetton — Certain salts, such as the sulphites and the ferrous compounds, 
appear to act by virtue of their reducing power Apart from such Ealts there are 
other substances that act mainly as reduaog agents — snlphnrons acid and form 
aldehyde A 6 per cent solution of formaldehyde, tea 1-8 dilation of the 
commercial formahn, kills anthrax spores in between I and 2 hour* 

(4) ilolfcular Actum — In a previous section we saw that certam acids, such 
as acetic and bcnioic, and in feet most of the organic acids, act not by virtue 
of their n ion concentration but by virtue of the undissociated molecule Benzoic 
acid IS dissociated very slightly, and ife strong disinfectant power must therefore 
be attnbnted to the ^nzoate emon or to tie undissoaated molecule Bnibably 
the same explanation will account for the action of the salts of the o^nic aads 
The combmation of mercury salts with the — SH componnds of bacteria desenbed 
by Fildes (»ce p 122) is regarded by Albert (1942) as an example of molecular 
action 

(5) Ionic Action — It is clear that salts which are fredy dissociated m solution 
owe their germicidal power to the action of the ions into which they are dis- 
sociated The way in which these ions act is a matter for specnlation Bayhss 
(1924) pomts out that there are three wajs in which electrolytes may exert their 
influence on livmg matter (o) They may produce effects through the electneal 
chavgea that they beat , this is specially marled with ions with valenaes above 
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one, bears no relation to the chenucal nature of the ions Thus the effect 
of Ca • cannot be distinguished irom Ba These effects, especiaUj- la the case 
of the multivalent ions, are manifest e\en in %ery dilute solutions (6) The) 
may affect the nature of the solvent m which they are dissolved— the so called 
lyotropic effect This action has been studied I»y several workers, prominent 
among whom are Hoffneister {18SS, 1889) and Frcundbeh (1903) Hofmeister, 
working with a number of neutral salts, found that these could be arranged in a 
definite order relative to then action on the coagulation of colloids, and on other 
physical properties of proteins Fretindlich, studying the effect of e]ectroJ)-te 3 on 
the compressibfljty, surface tension, solubility, visco'itv, and other properties of 
proteins, was likewise able to arrange them m a definite order He concluded 
that the main effect was eierted not on the proteins directl) but upon the sol 
vent , modifications m the solvent thus affected the proteins For this reason 
he spoke of the •'alt effects as ' lyotropic ” effects , bis senes of 'alts hence bear* 
the name “lyotropic series’* in disbnction to the ‘Hofmeister sene' Both 
senes, however, are similar in many respects Holm and Sherman (1921) aud 
numerous other workers have found a general concordance between the lomc 
series of Hofmeister or of Fteundlich and the stimulative or toxic action of the 
salts of these senes (c) They may operate through a specific influence which 
IS more intimately connected Vith the chemical properties of the ions Thus 
sodium and potassium, though hanog the same electneal charge and exercisiRo 
Very similar lyotropic effects, are yet totally different in their action on heart 
muscle As this action is shown by solutions so dilute that undis'ociated mole 
cules are nearly absent, we know that this difference must be attnbuted to '<.nie 
specific or chemical property of the ions 

Other explanations of ionic action have been put forward, some of them 
modifications of the ones already giten Amongst these may be mentioned 
Loeb’s (1899, 1900) hypothesis of ion protein combination, Mathews’ (1901a, b, 
1905, 1906) conception of lomc potenbal, and Zwaardemaker's (1918, 1919-20) 
radioactivity hypothesis For these and for further information on this subject 
the reader is referred to an admirable summary by Falk (1923) — a summary 
which has been freely drawn on in this section. 

There is one further point TVe have treated the action of anions and of 
cations separately , whether both are sometimes required simultaneously for the 
production of the bactericidal effect is not at all clear It 'cems probable that 
m a salt such as HgClj, in which a toxic cabon is umted to a weakly toxic anion, 
almost the entire action of the salt must be referred to the Hg loii in a salt such 
as EjMnjO* on the other hand, in which a wealiy toxic cation is united to a power 
ful amon, the action must be referred to the permanganate ion 
SumiAPY OF Balt Aonov 

(1) There is a certam concentisbon for nearly all salts which stimulates bac 
tenal growth , this concentration >s generally very low 

(2) There is, for nearly all salts, a limit beyond which the stimulating action 
passes over into a toxic action , on the whole, the higher the concentration, t e 
more evident does the toxic action become 

(3) The toxic effect of univalent salts can be neutralized by the addition m 
suitable proportions of a divalent salt In most instances, too it if 

a umvalcnt salt to neutrabze the tone action of a bivalent salt Tins action 
known as the antagonistic action of salts ^ 
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(4) Electroljtea with bivalent cations are generaUy more toxic than those 
with nmvalent cations Thus Ba is more powerful than I«a 

(5) On the whole the salts of the heavier metals are more toxic than those 
of the lighter metals thus HgCl, is more toxic than CaCl, But there is no 
strict quantitative relation between the atomic weight of a metal and its toncitj 

(6) On the other hand there is a fairly do«e relationship between the lyotropic 
and the toxic ejects of a aalt 

(7) The toxic action of salts is less marled m prote n sointions than m dis 
tilled water Thus the activity of HgG, is decrca«ed markedly in the presence 
of blood serum 

(8) Tbe more favourable the nntnent qualities of the medium in which the 
bacteria are suspended the less mamfest is the tone effect of salts and of 
germicidal agents in general npon them 

(9) DiSeient organistna vary in their susceptibilily to tbe disinfectant action 
of the same aalt Gosely allied organisms respond m much the same way to 
the same salts 

(10) There is evidence that the Gram positive organisms with a few exceptions 

arc more susceptible to the d s nfectant action of salts than the Gram negative 
organisms , 

(11) The addition of a salt to a solution of a genniade-^whether itself a salt 
or not^-may increase or decrea«e tbe action of tbe latter This action may be 
due partly to the effect on the electrolytic dissociation of tbe germicide p^ly 
iQ a colloidal aolution to an effect on the dispersion coefficient of the disinfectant, 
and partly perhaps to the dis nfectant action of the salt itself 

(12) There IS little evidence that salts except in high concentrations owe their 
germicidal action to tbe osmotic pressure that they exert since bacteria are strongly 
resistant to variations of osmotic pressure but they may act by dehydratiog the 
proteins of the medium in which they are suspended 

(13) The action of salts is complex It may be referred to an oxidation effect 
a reduction effect a molecolac effect or an ionic effect Other effects namely 
the sensitization of organisms to COt and their interference with proteolytic 
enzymes have not been considered in this chapter for details of these the reader 
IS referred to an article by BocLweD and Ebertz (1924) 

Soaps and Synthetic Detergents — Several workers have studied the germicidal 
effect of soaps with results that have been at timeo contradictory JIany of the 
discrepancies can be ascribed to the use of different test organisms since certain 
goap» are highly bactencidal to some organisms and comparatively inert to others. 
For example pneumococci are very scnsitiie to tbe soaps of tbe unsaturated fatty 
acids — oleic linole c linolemo — but much Je«3 bo to soaps of the saturated fatty 
acids — steanc palmitic myiistic laoric Accordmg to Lamar (1911) virulent 
pneumococci are killed by a 05 per cent solution of sodium oleate m 15-30 mmutes 
Bajhss (1935) found that to kill pneumoeocci m 10 mmutes a 01 per cent, oolution 
of sodium pilmitate was rcquir^ but only a 0004 per cent solution of sodium 
oleate Lamar (1911) also noticed that ■^lum oleate even in high dilution such 
as 1 20 000 greatly accelerated tbe antoly'O of pneumococci and fai cured their 
lysis by normal or immune serum Hamolytio streptococci meningococci 
gonococci and diphtheria bicilli resemble pneumococci in their greater sensitivity 
to soaps of the unsaturated fatty acids On the contrary the Gram negative 
bacilli of the coll tjphoid group are fairly susceptible to soaps of the saturated fatty 
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acicb, but ate resistant to soaps of the nnsatnisted fatty acid senes (Be)cbenbici 
1903, ^\alker 1924, 1925, 192C, Seim and Hipert 1937) Staphjlococci are resistant 
to all the common soaps in neutral and alkalme solution (\\alker 1921, Ba^li «3 
1936), but according to Eggerth (1926) they are susceptible at pll 5 The mo«t 
generally useful soap in practice is sodium laurate, since it acts ou pneumococci, 
streptococci, and typhoid bacilh, though not on staphylococci (Walker 1924) 
There is a suggestion that the germicidal activity of soaps increases nith increase 
m molecular weight in the saturated fatty acid senes but decreases lu the un 
saturated fatty acid senes (Walker 1924, Bayhas 1936) Of commercial soaps 
Nichols (1920) found yellow or brown bar soap, such as is used m washing dishes to 
be effective lo a 1 200 concentration m iilhng pneumococci and streptococci 
(see also Colebrook and JIaited 1933) Soip prepared from coconut oif such as 
salt water soap, is more germicidal than any other soap to the typhoid bacillus 
(Hamilton 1917, Walker 1925, 1926) If n stiff lather is made on the hands c» ci 
Bact colt 13 killed within a mmute The germicidal effect of soaps is increased bi 
rise m temperature (Walker 1924) 

The mode of action of soaps in destroying bacteria is fir from clear It j 
certainly not due entirely tofr^alkah, since this may be present in much too small 
an amount to ha\e any deleterious effect at all 

Beicheobach (190S), hoiierer, thought that alkali might pJay a part in some sraf* 
He observed, for example, that with ailta of the higher fatty acids the germicidal effect 
decreased much more slowly on progressive dilution Uian with salts of the lower fatti 
acids, aud explained this by the greater hjdiolysia of tbe former group with the comu r|uent 
liberation of free alkali Eggerth (1936) found that generally speaking soapsof the loner 
members of the fatty acid senes were more active in acid solution, tbe higher memhen in 
alkaline , the point of transition vaned with the test organism He explained this r suit 
la terms of the effect of the pH on the dissociation residue and on the soluhiLti of tJ c 
soap Lamar (1911) is of the opinion that tbe soap acts on the hpoidal moiety of tht 
cells tendeimg them more permeable to gemiieidal substances in the solution Ihis 
would explain tbe adjuvant effect of soap on bacterial lysis by scrum or by sub-itanceK 
such as aromatic oils which are often added to commercial soap and uould presuppose 
a germicidal effect of the soap itselL 

Suninianii g, we may say that soaps show a strongly selectii e action towards 
bacteria, most of the pathogenic respiratory organisms being killed more readily 
by soaps of tbe unsaturated fatty acids, and most of the pathogenic intestinal 
orgamsms more readily by soaps of the saturated fatty acids In practice, thorough 
washing of the hands in a stiff lather with a minimum amount of hot water, preferably 
Using yellow bat household soip, can be relied upon to kill a high proportion of 
pathogenic orgamsms on the hands, with the exception of Staphjlococcvt aura/* 

It IS possible, as Noguchi (1907) svgf^sts, that soaps ui blood and lymj.h are 
respoiisible for some part of the natural defence mechanism of the bodv, since, in 
his exjienence, mixtures of soap and iiiactiiated serum resembled complement m 
many respects Burtenshaw (1912) hkewisc suggests that soaps and long-chain 
fatty acids are mainly concerned ui tbe auto-di^infecting action of the skin (For 
a study of soap dernativcs, see Eggerth 1929rt, 6, 1931, and for a reiicw o 
“germicidal” soaps, see Morton and Klaudec 19U) 

During recent years a hrge group of synthetic detergents hue lieen used m 
industry Some of these sub-tances are highly bactencidil ami arc J 

place m surgery for the cleansing of and other surfaces T ey are c -I'si 
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mto citionio and amonic detergents, according to whether the location of the long 
chain hydrophobic group is in the c&tumic o* anionic portion of the molecule 
Cetylttunethjlammoniura bromide, for example is a cationic detergent, sodinm 
cetyl sulphate an amomc detergent Generally speaking these substances are good 
wetting and cleaning agent*, are relatirely non irritant to raw surfaces and destroy 
tegetatne bacteria in dilutions from 1 100 to 1 16 000orso Some are 

tone to leucocytes and others precipitate proteins Their bactericidal action is 
often greatly diminished by the presence of orgamc matter and of pho«pholjpins , 
their penetrating power is usually low, and some organisms like Ps p^ocyanea, 
maj prove very re«istant to them On the whole, the cationic group appears to 
be more germicidal than the anionic group, and Gram positive are more affected 
than Gramnegatiic bactena (see MiUer and Baker 1910, Baker et al 19Ua, b, 
Barnes 1912, Hoyt e< al 1942 Wilbams et at 1943, Hand 1944) 

Alcohols and Ethers — Epstem (1897) found that absolute ethyl alcohol was 
not a germicide, but that when diluted it became germicidal Minervini (189S) 
confirmed this, and showed in addition that alcohol bad httle or no action on spores 
For the destruction of vegetative bactena the optimal strength depends on the 
degree of moistnre preeent A final concentration of 50-70 per cent appears to 
bo most effective Thns, an equal amoont of absolute alcohol shonld be added 
to an aqueous suspension of bactena, whereas for dry bactena a solntion of alcohol 
alread) diluted to 50-60 per cent ehtmid be nsed For the disinfection of moist 
hands 80-90 per cent alcohol is recommended , for the disinfection of dry hands 
70-80 per cent alcohol is better Dry vegetatiie bactena are destroyed less 
rapidly than moist — prc«QmabIv because the penetration of alcohol takes longer 
(Table 12} 


TABLE IS 


Tuit B\ IhrreErsv SrBrsoma of Enm. ALConot ’«> ossraot D&v *■« 

ilOlSr STiTBTKlCOCCl 

(After Raw 1904 ) 



40 

30 


20 


Snuns 
10 . 
60 . 
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>60 

>60 

>60 


Jkolt. The diy staphylococci were dned on silL Ihirsds, the mout rtsphjtococci were in 

aqneous *(upension« 


The presence of protein increa<>es the disinfection time of alcohol but not to 
any considerable extent The addition of a dilute mineral acid or alkab greatly 
increa«es its actii ity, enabling alcohol to kfll spores. Thus Coulthard and Sykes 
(193G) found that a solution of 70 per cent alcohol containing 1 per cent, snlphonc 
acid destroied spores of B suUHu in less than 24 hours, and a solution of 70 per 
cent alcohol containing 1 per cent, aodinm hydroxide m 24-48 hours. Alcohol 
lowers the germicidal effect of some substance*, like the lieaiy metal salts, phenol 
and formaldehyde that are dissolved m it (Eoch 1881, Eronig and Paul 1697) 
but IS said to raise the germiadal effect of others, such as lodme In fact, a strong 
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tincture of iodine— i 5 percent lodme in TO per cent alcohol, together with2p<T 
cent potassium iodide to stabilize the iodine — 13 one of the best skm di mfectants 
known Though the b ictericidal acfinty of alcohol is neghgible below 10--20 jicr 
cent , it may prove bactenostatic to many organisms in concentrations as low as 
1 per cent {Wirgin 1902) As an antiseptic for the preseriation of \accines 
25 per cent alcohol has been found to be rather more potent than 0 5 per cent 
phenol (see Cmickshank ei al 1942) Commeicial alcohol as a rale contains spores 
BO that for surgical or biological use it should be filtered thioughaBerkefeld or «imilar 
nndle (not a Seitz, which is effective only la the presence of water) or distilled 

Eitchie (1899) showed that the germicidal action of different alcohols increased 
with their molecular weight, ethyl alcohol being mote potent than meth} 1 propi 1 
than ethyl, and butyl than propyl alcohol This has been confirmed by subsequent 
workers (Wirgin 1901, TiUey and Schaffer 1926, TiUey 1939, Lockemann, Bar an J 
Totzeck 1941) rordismfectionofthe skin SOpercent propjl alcohol is particu 
larly useful , it is more bactericidal than ethyl alcohol, it is a better fat «oK eiu 
and it 13 not so volatile (For a detailed rev «ew of the disinfectant action of alcoii 1 
see Sobernheim 1913, and for ita value as a hand disinfectant see Ahlfell ami 
Vahle 1896, Neufeld and Schiemann 1913) 

The ethers are possessed of some degree of germicidal activity Cultures of 
non spormg bacteria incubated m an atmosphere saturated with the vapour of 
diethyl ether — CtH|0C}H|— exhibited so growth , subcultures showed that the 
organisms bad been killed in a period varying from about 1 to 48 hours (Topley 
1915) Direct immersion of Bact coh in 60 per cent ether proved fatal in about 
3 minutes at room temperature On the other hand, exposure of Cl septicum to 
pure ether faded to destroy the spores in 24 hours According to Eronig and 
Paul (1897) ethereal solutions of disinfectants are almost without effect on anthrax 
spores 

Phenols and Cresols — Under this beading we shall consider the action of those 
bodies that are obtained from the destructive distillation of coal, and that pass 
over between the temperatures of ITO" and 270® C Phenol itself in certain pro 
portionsisable to pass into solution m water, but most of the bodies m this group 
do not do BO ; when mixed with water they form emulsions of varying degrees of 
fineness Their mode of action is therefore different from the action of the germi 
cides which we hare eo far considered The phenols and cresols have a fairly 
high germicidal activity when employed in solutions above a given concentration , 
but it requires quite a low degree of dilution to deprive them entirely of this 
activity In this respect they differ markedly from the ealine disinfectants (see 
P 143) 

It has been supposed that phenol acts by its formation in contact with pro 
terns of an. insoluble albummate and of other chemical compounds Reichel 
(1909), however, who studied the dispersion phases of phenol between oil and 
water, brought evidence to suggest that the action is not so much chemical os 
physical, the phenol bemg capable of passing into solution m such suhstances as 
coagulated albumin certain lipms, and the cytoplasm of bacteria He suggests 
therefore, that its disinfectant action results from its penetration into the bacterial 
cell m the form of a colloidal solntion 

The emulsified disinfectants, such os the cresols. probably act in much the same 
way as phenol, but their germicidal activity is usually somewhat higher iJy 
virtue of their emulsoid state, th«r particlw are adsorbed on to the surface ol 
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auspended matter, and hence their c<mcentiatio& is increased in the immediate 
neighbonihood of the bacteria This action is interfered with by the presence 
of other suspended organic matter which serves to adsorb the germicide and 
thus lower its effective concentration around the bacteria Emnlsoids of the 
cresol group are generally most active when £te«hly made np in solution , after 
a day or two probably because of an alteration in their colloidal state their 
activity diminishes Some of the cresola can be employed in true solution but their 
solubility in water is very low Para-chlor meta-cresol for example has a soIabHity 
of about 1 300 towards naked bactena it is approxunatelv ten times as active 
as phenol (eee WithcU I9l2u) 

According to Klannaim Shternov and Cates fI934<z h) the germicidal activity of 
phenol dmvatirea is increased by halt^n suhst totion and u still further intensified by 
the mtroduction of aliphatic or aromatic groupa into the nucleus of these compounds 
Their general formula are 


OH OH 



pora-ChJoropheaol Denrstire ortAo-Chlorcphenol Denratire 

where R IS an al pbatic or aromatic group. Someofthecompounds tested by the«e workers, 
•nch as pira-chlorophenol or ort^o cUort^henol dcnvativw with w butvl to u-©ctyl sub* 
stjtuents. proved highly destructire to bActena while being compoTsUvtJy non toaao to 
mice on subcutaneous injection. 

The cJ loronjlenoU many of which form a clear solntion in water have come 
into prominence of late year* maiolv forsbn disinfection. Thevare comparatively 
non imtant but their bactericidal power on the whole, is comiderablv less than 
that of phenol tinier employed in 30 50 or even 100 per cent concentration 
they cannot be relied upon to de troy staphylocom on the skin («ee Colebrook 
1941) (For useful information on the Use of tar denvatives in practice seeBeport 
1942 1944 ) 

Dyes — Though a few desultory ob«ervations had been made at various tunes 
on the effects of anilme dyes on bactena Churchman (1912) was the first to 
investigate them thoroughly Vorlang with gentian violet, he found that if 5 
drops of a saturated aqueous solution of this dye were added to broth cultures 
of Afferent organisms the mixtnres allowed to remam for an hour and transplants 
then made on to agar the Gram negative organisms grew satisfactorily, but the 
Gram positive organisms failed to develop A similar "elective property could be 
demonstrated by seeding the fresh unstamed organisms on to plates one-half of 
which contained plain nutrient agar, and the other half nutrient agar containing 
a dilution of about 1 100 000 gentian violet A large number of different bactena 
were te«ted to ascertam if there was a perfect correlabon between Gram positive 
ness and inability to grow in media containmg gentian violet This was found not 
to be the case about 90 per cent of the Gram positive organisms were killed by 
gentian violet and failed to grow on media containing it, but the remaining 
10 per cent , comprising the acid fast group in particnlar, were not affected. 
Similarly though about 90 per cent of the Gram negative organisms were resistant, 
the remaining 10 per cent were susceptible 



DYES 


I3o 

The difference hetvreen the Grampositno and the Grnranegatnc organisnia 
18 merely one of degree There is moreover, a considerable \anation m the sna 
ceptibihty of different epeciea of Gtampositne bacteria Garrod (I933(i) Las 
shown, for example that staphylococci are much less resistant to the violet dyes— 
crystal violet, methyl violet, Hofmann violet, gentian violet Dahlia— than strepto 
COCCI The presence of 1/1 000 000 gentian violet in nutrient broth or in 5 per 
cent setnm broth la sufficient to inhibit the growth of staphylococci while strepto- 
cocci can grow m the presence of 1/250000, and sometimes even stronger con 
centrations of this dye 

Churchman (1923a) stated that, just as gentian violet had a bacteriostatic 
effect on most Gram positive organisms, so acid fuchsm had a similar effect on 
Gram negative organisms Oariod (19336) has recently examined this statement 
and conclnded that it is untrue He Sods that aniline dyes generally whether 
of the basic or acid type destroy Gram positive more readily than Gram negative 
bacteria On the other hand Churchmans results gam some support from the 
work of Stearn and Stearn (1926, 1928) From a study of the reactions of different 
bactena to different stains, these workers conclude that Gram positive bacteria 
have a lower isoelectric point than Gram negative bacteria Hence Gram positive 
bacteria combine more actively with basic, and Gram negative with acid cljes 
The subject clearly needs further investigation 

The aniline dyes have, on account of their marked germicidal effect on bacteria 
been used (or the treatment o! wounds Browning and his colleagues (1017) 
recommended flavine — dianuno methyl actidmium chloride Though they found 
that brilliant green sulphate malachite green crystal violet and flavine strongly 
inhibited the growth of staphylococci and Boef c^t flavine was the only one that 
was mote active in the presence of eerum (Table IS) Cbuichman (19236) used 
a mixture of gentian violet and acnflavioe 


TABLE 13 (modified from Browumg tt al 1017) 

Snowiiia CoucExnu'no’ts or DurEaEwr Svbstaiccss arexssAST to ismuir the Gbowtb 
or Slophyheoects anreut Ajn> BatX tot\ 


SntaUscs 

SUfA avrtiu 

£t<t reii. 


Si- 

Cooe Ifi 

pw 

reoe la 
SoMm, 

Chtoramme T 

Cl, water 

Phenol 

ngci, 

BnUtant green sulphate 
hlalaebite green 

Crystal violet 

FJsnne 

1 3000 

1 *’600 

1 250 

1 lOODOOO 

1 10000000 
i-iooooooo 

1-4000000 

1 <VOOO 

1 220 
>1-1 000 • 

I 2SO 

1 10000 
1-30000 
1-40000 
1^00 000 

1 200 000 

1-eOOO 

1 2SOO 
1-600 

1 1000 000 
1-130 000 
1-20000 

1-8 000 
l-UOO 

1 "50 
>1 1000" 
tsoo 

1 10000 
1-3.500 
l-IOOO 

1-8 000 

1 100 000 


• These conceatretions were insufficient to prevent growth 


Table 13 is of mtercst in showing not only that flavine is much stronger in 
Its inhibiting action m ox serum than in peptone water, but that llgO, and the 
chlonno croup of germicides ate markedly diminished m activity in the presence 
of serum whereas phenol remains unaffected Tins diminution of activity in the 
presence'of organic matter will be referred to later 
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Hitherto the dye treatment of rounds lias not fulfilled the expectations of its 
advocates probably because the dyes can seldom be present contiauonsly m 
euEGcient concentration in every part of the wound to inhibit bacterial powth 
completelv As Browning (1^33) points ont the destruction of organisms id 
the centre of masses of necrotic tissue or blood clot is probably hevond the power 
of any disinfectant Jloreoser manv of the dyes inhibit leucocytic activity and 
cause damage to the tissues (see Flenimi! 19(0 Russell and Falconer 19(1 1943 
Mamfold 1941 Rubbo ti at 1912 Rn^ll and Bech 1914) They may however 
have «!ome value in the temporary prevention or control of infection (see Jlcintosh 
and Selbie 1912 Browning 19(3) 

l^ential Oils — Chamberlacd (18S7) tested the disinfectant action of a large 
number of essential oils by exposing anthrax spores and anthrax bacilli to their 
vapours m closed tubes After 4 days exposure at 37* C onJv one oil was «uc 
ccsshil m killing the spores — namelv oil of Ceylon cinnamon. Anthrax bacilli, 
contamed in blood were killed by oil of ve«pctTO in 18 hours at 37® C m 40 hours 
by oil of angelica and m 65 hours by oil of Ceylou emnamou. Other oils the 
vapours of which were germicidal though less actively so were oil of geranium 
and oil of mar]oram 

He then tested the effect of the oib m a solution of alcohol and saponin Bv 
this method ho found the most active in killing anthrax bacilli were oils of mar 
jonm, cinnamoQ sandal wood clove jumper and Arlmet^a annua He draws 
attention to the fact that cinnamon and marjoram oib are strongly active both 
in the gaseous and in the liquid state Similat obsemtions -wm made hr Cadeae 
and hlenmcr (1869) They worked with Salm typh and P/ innllet which were 
allowed to remam m contact with the pure oil for a given time and then seeded on 
to agar Table 14 «hows some of their ie«ult« 


T4BLE U 

Tnrc xtcxssiar to jdll Salm lypKt, 


Ceylon emnamoQ o I 
Clove oil 
W lid thyme oil 
O I of gemuam 


1** min atf 
25 

35 .. 

50 


ilany other oib did not kill for 24 to 46 hours some not for 4 to 10 davs and 
«ome not eten m 10 days. Garbc vapour has quite a strong bactenO'tabc and 
even a moderately germicidal, effect ('=ee Bockec 19^) 

It will be seen that certain of the essential oDs if apphed pure are fairly active 
germicides The majority however are more valued for their antiseptic than 
for their disinfectant action For this purpose they were used extensively by 
the ancient Egyptians in the process of embalming, with results which can be 
=een at the present day («ee Risler 1936) 

\ egetable oib that have no germicidal action themselves depnve other germi 
cides which are dissohed m them of most of their activitv, in this respect they 
re«emble alcohol Eoch for example found that phenol disrolved in vegetable 
oib such as obve or cottou-<»eed was only tbgbtly active Jlcilastet (1919) 
has smee confirmed this but has pomted out that mineral oils do not have this 
effect Phenol dissolved in paraffin oil for example is near’y as active as wl en 
dissolved m water 
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Vi itt regard to ammal oils Hama, Bunker, and Milas (1932) find that some, 
such as seal oil and tuna oil, gi\c off aapours winch are germicidal, while others, 
such as cod Iirer oil and sardine oil, become germicidal only after exposure to 
sunhght or ultra violet light It Is possible that HtO| is given off by the animal 
oils, and that its rate of evolution is accelerated by irradiation 

Sulphonamidcs and Slould Products — ^The«e two groups of sub-stances, who'-e 
chief interest lies in their ability to control infection m the 1 wly wifi bo more 
conveniently discussed in Chapter 6 


The Dynamics ot Disiulechon 

EeacUon Velocity — The figures obtained by Ktomg and Paul 11&97) \n their 
work on the disinfection of anthrax spores by HgCl* were submitted by Madsen 
and Nyman (1907) to a mathematical analysis, with the result that the reaction 
velocity of disinfection was found to be eimilat to that obtaining in a unimolecular 
reaction jiadsen and Nyman themselves made fresh experiments using the 
garnet method, and were able to confirm the findings of Kronig and Paul In 
the following year Chick (1908), working independently, reached the same 
conclusions with regard to the analogy 
between disinfection and a unimolecular 
reaction (Fig 21) 

la a unimolecular reactian only one 
of the reactmg suhstaacea need be re 
garded as uodergoteg change, the rate of 
change being proportional to the con 
eentration of this substsBce Examples 
m cheoustry ate the inversion of cane 
sugar by acids, the decomposition of 
mto As and H, and the disintegration 
of radioactive substances Mhen only 
one of the reacting substances is under* 
going change, the velocity of this change 
according to the Law of Mass Action 
will depend Upon the concentration of 
this substance at any given moment, ' y,/ne n Hours 

the temperature and other conditions Pio 21 

remaimng constant This statement may pKintcctioa of anthra* gporw with 5 per 
b, expressed bj the reUto SL'ShSEb* 

V = C k polaU the ciicles leprescnt the eipen 

, mental obserTations 

in which V represents the velocity 01 (,lfter Cluck ) 

the reaction, C the concentration of the 

substance, and k a constant depending on the nature of the substance The 
Tclocty mar be ezpressed by J m rticb t mpmeems the emoimt o! .tib- 

etonce ebaeged m time 1 , d tie oigmd .meuet ol .ubsWnce deeignalrf by e 
then a-x mil repteseot the amount lenmmms allot time I The equation may 
DOW be written 
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which, on integration, l>e- 


^ equation reprc- 

^ sentiog the Telocity o{ & um- 

^ molecular reaction and u 

^ often spoken of as the loga- 

nthmiclaw. Iflogfo— x)Le 

plotted against time in this 

0 o$ 125 20 JO 41 SO equation, th* rcsultmg graph 

T,mt n Hours Will be a straight line (Fig 

FlO S3. <y>^ 

Duiafectjon ot aollirai tpons with 5 ref tent, pbenolat ' vc.. «... 

33 3’ C He enrre « drawn though a eeni of t.3 

ciliated points tbe circles represent ttio experuncnUl molecular reaction definition 
obserratioaa. Hu eurre u eerartructed from tbe Mine process of disinfection 

obserrations at those osed for fig Jl hot tbe oiun , ^ .t. x a a 

her* of erganwma are eipresrfd logititbimcanjr that at any moment 

(After Cbict) the reaction rdocity is pro- 

poT^iona] to the number of 
sumring Lactena per unit volume. For example, let ns suppose that there are 
100,000 orgatusms being submitted to disinfection, and that the rate is one at 
which fO per cent of the organisms are killed m each minute Then . 

Tto» ToaSsTtrlBS. 

After 0 minotcs iOOOOO 

„ I .. I/IO X lOOWOor 10,(XO 

,.2 „ 1/lOX J0«O orJWW 

3 » 1/lOxl.OCO or 100 

..4 1/10 X JOO or 10 

SoppoBing that B represents the luitial number of hting organisms, and 6 the 
final number, then the reaction Tclocitj- may be eipitssed by the equation : 

.. I 1 B 

Chick, using the drop method, made experiments on the disinfection of anthrax 
spores by 5 per cent, phenol Her re»idts are given m Table 15 and Figs 21 
and 22 

TABLE 15 

AsTEa&x Sroaa 5 feb ccct Fnasot. 33 S’ C. 




JtEACTJOJt VELOCITY 


It will bo Been from Table 15 that h lias a mean value of 0 44 , from Fig 2l 
that the velocity of the rcactiOB becomes sloirer and eloircr, tfU it is almost neg- 
ligible (m theory the reaction nmer reaches completion) and from Fig 22 that the 
loganthms of the numbers of aur- 
nnog organisms plotted against 
time m hours fall along a descend 
iDg straight line 

In the case of vegetative bac 
teria, she (CSucl. 1903, 1910) found 
that though the disinfection of 
some orgamsms such as Salm 
(ypht and Bact coh conformed 
to the uaimolecular reaction 
formula, with others there was a 
sbght departure from it Thus 
with Slaphtflococcua aureus exposed 
to 0 6 pet cent phenol at 20® C , 
there was invariably a lag period, 
lasting about 4 minutes before the 
rate became stnctly proportional 
to the number of bacteria (Fig 23) 

Faratyphoid bacilli behaved in the 
opposite way Instead of there 
being a lag phase, there was a prehminaiy rush during which the rate of dis- 
infection proceeded faster than it should have done according to the equation 
(Fig 21) 



pb«Qol At S0®C The numben of organiSDiA 
«r« espmeed fogerithjoicsQy 
* {After Chick ) 



typhoid bACilliwith 06prreent phwwIetSi 
(After CJuck) 


^ick confirmed her Rori on d« 
infection by phenol by showing (1) 
that the death of Bact colt under 
the infuence of a bactencidaf Bcmm 
conforms to the unimolecular reaction 
law (Chick 1912) , and (2) that the , 
same law holds m the process of dis- 
infection by iot water (Chick J9I0), 
she pointed out the close parallel that 
exists between disinfection by hot 
water and the heat coagulation of 
proteins Paul, Birstem and Rcusr 
(ISlOd) found that the killing of 
StaphyUxoccits oureus by drying pro- 
ceeds in accordance with the law of 
a luutnoleculat reaction Tic reiulLs 
obtained by Clark and Gage (1903) in 
the stud} of disinfection by snnbght 
Diaj also bo interpreted in the same 
way Robertson (1914) has adduced 


mathematical endence m favour of this view 

It does not. of course, follow from such results as those that a unimolecular 
reaction, in tbe cbcnucal .cniai, la actoally loVtng place . the recorded observation. 
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merely show that a logarithmic curve dcacrilics the death of bacteria under the 
action of a disinfectant, just as it describes a chemical reaction whoso rate is 
governed bj the concentration at anj moment of one of the reacting substance# 
Two alternative explanations have lieen offered to account for the form of the 
curves which Chick, has described The first of these suggests that the Tarymg 
re#i«tanco of the bacteria m anj given auspcnsiou can be described m the form 
of a frcqucnc} curv o, as is almost certainly the case, and that the survival curves 
described by Chick are simply an expression of this difference m resistance 
The obvious objection to this hypothesis, as Chick has pointed out, is that the 
form of the frequency curve describing the distribution of resistance must be 
supposed to be of the extreme skew form, if it is to account for the experimental 
result# \\ithcll (19123), however, has shown that the distribution of bactenal 
rcMstauco is normal if the survival times arc plotteil on a logarithmic instead of 
ail aTithtnetic »cale Such a logarithmic divlnlmtion of a charactcnslic has been 
noted in pharmacological ami zooli^cal work («ce Gaddum 1933, Hemming'en, 
1931), and its occurrence in bactena nceil not therefore occasion surpn«e 

Vn nltcrnativc cvplination (Chick 1910) is that the death or survival of 
any given bacterium during anj interval of time is determined by a multi 
tude of small and independent causes— by “chance” in the statistical sense — 
the presence of the diainfectant weighting the chance of sumvsl against each 
bacterium to a constant degree, for any given concentration of the disinfectant, 
and with other controllable, conditions held constant If the chance o! each 

bacterium dying duringanyunitof time isr,andrcinajnsiover the whole penod of 
the experiment, then the death rate will be tbo same dnnng each nnit of tune, 
the aurviTora at the end of any one time interval will suffer the oame propor- 
tionate decrease in their numbers donng (be time interval wbch follows, and a 
logarithmic curve of decrease will result This explanation does not, of course, 
mean that variations in reM«tanee of individual bacteria play no part in dis 
infection With vegetative bacteria, the rate of death is often tepre«ented bv a 
sigmoid curv e rather than bv o straight line, sut^esting that differences m rcsi-tance 
dependent on the age of the individual organisms arc responsible for the deviation. 
The real question i» whether in the disinfection of spores tLat do not differ matensUv 
in age the exponential tvpe of curve is due to chance m the statistical sense, or to 
a frequence distribution of resistance of the logarithmic type .\s Irwin (1912) 
points out, it would require very accurate data to distinguish between the two. 
(For a further discu-aion of this subject isee Eijkman 19(^, Hewlett 1909, Reichel 
1909 licicbcnbach 1911, Locb and Xorthrop 1917, Brooks 1919, Cohen 1922, 
Knavsi 1930(7 Knar&i and Gordon 1930, Bancroft and Richter 1®31, Jordan and 
Jacobs 1944 ) 

Concentration ol Dismlectant — Chick (190S) found that the relationship between 
the concentration of a disinfectant and iLe time taken fet disinfection is not a 
simple but an exponential one, the exponent of the concentration being a factor 
varyinc with each disinfectant That is to «av, doubling the coocentration of 
phenol does not halve the time necessary for the complebon of the reac*ion as 
migbt be expected, but diminishes it to a lar greater extent. Watson (l®OS),wo!i 
ing on Chick’s figures, found that (he Telation could be expressed by the formula 
a constant 

where C is the concentration, n a ctmstsnt Tarying with each disinfectant, and t 
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the time necessary for dtsinfechon This cquatiou reprc'ents tLe relation w hen 
one molecule of one sutstancc reacts with an excess of molecules of n sctotul 
For purposes of calculation it may fae wntteu 

»ilog C -f- Jog / = a constant, 

that IS, the relation between log C and log < is a linear one 
An example will make this clear (Tablo IC) 


PaSHOt AT SO°0 

SSIogC + logi 

6 62 
669 
6 67 
6 53 
6 64 
6 71 
6 68 

lu this table the value of n is taken as 5 5 , tbo method of calculating this we 
shall co&sider presently It will he seen that the xalucs of the constant are clo<el/ 
similar If the logarithms of the coDcentratioos arc plotted against the l0(,arithnis 
of time, fhe resulting cuixe is found to be fioear (Fig 2o| 



Fio 25 

Dumfcctioii of naratxpho d bacilli with xaryuig coaccatntions ot phenol Both tbo number* 
of the bactena and tiiDo are exptoued loganthnumtljr 
(After Wataoo from ohscrratioos hr Chick ) 

For dealing with the salts of the heavy metals a slight modification of the 
formula is required, due to the fact 'that these salts arc di««ociated in solution, 
and their action depends not on their molecular hut on their ionic concentration 
If the concentration of llg tons « 8ub«titutcd for concentration of IlgCl, for 
example then the formula holds good free Table 17; 
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Paol BirstemaiidPeiisi(l91(A)fotuidtliattlje Ta^ue ol the velocjtr constant ik 
for aqneotis solutions of HCl waa approximately proportional to the square root of 
Its concentration. 


TABLE 1 


DistXTEcnox or PaaiTmioiD Baam bt IIgCI| at **0 C. 


Coer ol I Ttsw bt n for 

D2 (ant. I 


l-O 

0 -? 

O-I 

04 \» 

CH)l 

(WKX> 


63<t 
5 5 
4*5 
3 -0 
23-0 
le-o 


1 (H) 

130 „ 

&>-0 

2300 „ 


5 a»osC+ WL 


754 

31 

090 
6 0 s 


Calculation ot Exponent n — The exponent n may regarded a* a concentration 
coeffic out varying mth each disinfectant. To calculate tU value vrc os* the 
formula 


>K(?< = Iog| 

itj IS determined for concentration C| and X, for concentration C| m a given 
expenoent Then 



TaVug the figures in Table 1C 

let 7*0 parts of phenol per 1000 sCf and 4ss lOo 
let 5 0 parts of phenol per 1000 — Cj and t s Cdt/ 



B ID this eipenmcDt was oOOCOCCO h can "be talen as 1 Then 
Iog30000000 
= (K)712 


690 ° 

-OOlOo 
, i, , C, 

-Iog--log- 

a W Jog 

'’OOIOS ‘*5 
* log 65 — It^ 1 4 
* 5-5 


For HgCli, when the concentratioa of Hg ions onlvwas con., dered the valoe of n 
was found to be 3 S for the Ag ions of Ag^Oj 086 If the molecular eoncentra 
tion of HgOi IS cons dered then n is eq^ to aboni 1 

The value of n for any given dismfectmit is very important because it gives us 
• K 19 the true v?!ocitv ecnsUol ot the d»smfeetant leing indep»ndfnt of tie coBfco- 
tration« and tio9 diffeting (rom t wiicb u constant onlj* at a g ren coacentration. 
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information that is not conveyed by the simple reaction velocity For phenol let 
ua tahe n = G, and for HgCl* n= 1 Hen a doubling of the concentration of 
IlgCl, t c O or 2^, -will halve the time taVen for completion of the reaction , 
doubling the concentration of phenol» » e C" or 2‘, wdl diminish it C4 times 
Conversely, halving the concentration of HgCI* doubles the time of the reaction . 
halving the concentration of phenol increases jt 64 tunes 

A substance with a high value of n is actively germicidal abo\c a given con 
centration , it requires, however, but a lowdegrce of dilution to aboh«Ii its germi 
cidal activity entirely In contrast, a substance with a low value of n w! ile 
being actively germicidal in solutions abo\e a gisen concentration, exerci‘'ca an 
inhibitmg eSect on the growth of bacteria even when employed m high dilution 
One further point may be dealt with here, namely the question of whether the 
numbers of bacteria present in a suspension affect the react ion velocity It orkiog 
With HgCl, and anthrax spores, Ma^en and Nyman (1907) found the numbers f 
spores to he of no importance , a suspension containing 124 SOO was sterilize I 1 = 
rapidly as one containing only 7,750 Eisenberg and OLolska (1913) 1 iiNeser 
divided the disinfectants into 3 classes in the first, compnsing alcohol pheni 1 
and formaldehyde, the numbers of bacteria had but littlo effect, i e a concentrali n 
of disinfectant that would destroy a given number of bacteria would ol«o desiro\ 
100 tunes that number In a second group, compiisisg acetone, HgCl^ and 
Ei^lDtO« the numbers of bactena proved to be of importance thus a con 
centration that destroyed a given number failed to destroy 10 times that number 
A third group comprising HCl, H|SO| oxalic acid KOH, and other bodies occupied 
an intermechate position between the first two classes 

Temperature Coefficient — As the temperature inwa'es m anti metical pro 
gtes'ton, the velocity of the reaction mcieascs m geometrical progression or matliO' ' 
matiCfiUy expressed 

-TI 

m which K' and arc the velocity constants of the reaction at temperatures T' 
and T respectively, and 0 is the temperature coefficient 

In the disinfection of paratyphoid bacUU by 06 per cent pLenil at 20* and 
at 30“ C , Chick (1908) obtained tbe following figures (Table IS) 


TABLE 18 

raaiTYPHOiD Bicitu Phekol 6 ter 1 000 



The mean valae of X- at 20* C = 0'27. 
The mean %alac of X' at 30* C s= 0-7 
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Pan] Birstc naD(lRen<z(1910&) found tliatthe value of the velocitv constant i 
for aqneoua solutions of HCl was spproxiinatelj proportional to the square root of 
Its coEcenlration 

TABLE I 


DisctTEcnos or PasATrnioiP BaaUJ *r HgCJ, at "0® C 


PuAa c>I 


Cone. cS I time taVni 

Og Ion*. j mslalfctloii. 


l-O 

0-^ 

0-1 

0415 

fX>\ 

OOOo 


63-0 
S“5 
4"5 
3 -0 
a-0 

lC-5 


130 

2300 „ 


ln$(. 


-■ 0 " 

7« 

"31 

60.> 

&-W 

O'*? 


Calculation of Exponent n — The exponent n may bd regarded as a concentrat on 
coefficient vamng with each dis nfectant To calculate its value we cse the 
formula 


• KC-i_1os2 


li IS detenn ned for concentrstiOD C| and I, for coscestraUon Cs m a given 
expenment. Then 



Taking the figures m Table IG 

let "-0 parts of phenol pet 1000 — C, and t b lOo 
let 5-0 parts of phenol per 1000 b Cj and ( b 600 



B m this expenment was 30000000 b can be taken as 1 Then 

log 30000 000 
Ito 

=*0O 12 

i. = ^ logSOOOOOOO 


1 I c, 

” = Jog — log ^ 

, WWl** , 7 

= los log 

° 00103 

= log6-5 — logl 4 
= S5 


For HgQjjwhen the concentration of Hg ions onlvwas considered the value of n 
was found to be 3 S for the Ag ions ol AgNO, 0-3^ If the mcdecular concentia 
tion of HgCI, 13 cons dered, then n is «qiial to about 1 

The value of n for any given drsmfectant is very important because it gives us 
* K IS the true rrioc tr constant ol the di-iOicctaBt being independent of the eoncen- 
tratjon and thos diffexin^ from t wh^ is ctmstast oslr at a given concentration. 



To find the value of 0 
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07 
027 
= 2592 
^= 2592 ®-* 


0=11 for l*C 
= 1 1“ or 26 for lO’C 


A similar experiment la shown diagrammatically in Fig 20 



Tio 20. 

Disinfection of s 21 Lours cultura of paratjl^oid bscilL 
with 0 6 per rent phenol at different temperatures 
Oontinuous curre 1 1’ C 
Interrupted curre =« 21® C 
(liter Chick J 


Jlost obsert era ba' e obtained 
higher aalues of 0 for phenol — 
generall} about 7 or 8 for each 
nse in temperature of 10“ C 
For HgClt the temperature eo 
efficient is lower, gcncrallj 2 to 
4 for 10“ C 

Ad alternative method of 
estimating the value of 0 is to 
start with a suspensioa of organ 
isms the number of which need 
not be estimated, and detenmae 
how long It takes for complete 
stcrilixatioD at two or more 
different tempcaturcs Since 
the time taken for the com 
pletioD of a reaction may be 
considered as inversely proper 
tional to the velocity, there is 
no need to estimate the value 
of L Thus 


Phenot 6 per 1 000 

U“C 

2rc 


Paratyphoid btctUi 
Umo elapsing in ininatea. 


The. 0 = 11 


22 for 10“C, or 22®*=103 for I'C 


In disinfection by hot water a very much higher value is obtamed for 0 Thus 
Cluck (1910) working with Sttlm typht at tempentures of 49“ C and 54 1“C, 
found that the velocity constant of the reaction was increased 13 1 tunes for the 
5“ C nse in temperature, i c 0 = 1 67 for 1® C , or about 170 for 10“ C 

The consistent effect of nse of temperature on the velocity of disinfection 
pomts to a close analogy with an ordina^ chemical reaction Arrhenius elabor 
ated a formula, which has been found to be appbcable to many chemical re 
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actions and it is interesting therefore to ascertain whetLer it applies a!«o to tl e 
reaction of disinfection The formula is 


T, T, , Ke 
=sr~-ir 


where Kg and K„ are the Telacltj eonstants of the n-action in cjuvstion corre 
sponding to the absolnte temptratnres Tg and respectuelj and A is a i r 
fitant As the tune taken lot the completioa of a reaction nia\ he con»iJcre i 
as imersely proportional to the rc)o«tj* of the reaction this equation maj L>t 
re-WTittea thus 
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fertcd to & sol d medium in oidet to asceitnm ^tether all t!se spores had Iten k31ed 
This methcKl is open to certain fallaciea to which attention was fim drawn hr 
Geppcrt 116S9 1891o 1) Geppett found that if after a short tune in mercuric 
chloride solution the spores were tTansferied to a culture medium thej fe3»d 
to grow but. that if they were inncolated into a guinea p g they garc rue to 
anthrax. The reason for this appeared to be that ^ufScient HgCl* was earned over 
bj the thread into the broth to prerent germination of the spores occumng 
in the tissues of th<* guinea pig howexer this quantity was neutralized and th** 
spores that were et 11 alive were able to develop The truth of this explanation 
was shown by the fact that cult \ation of the «pores proved “uccessful provided 
the threads were treated with anuconinm snlphide to nentralize the merenrv 
before being inoculated into the broth The thread methoch therefore yielded 
higher values than the disinfectant actually possessed Geppcrt s worh was of 
considerable importance particularly id relation to disinfection bv salts of tie 
heavy metals The«e substances have a low concentration exponent and there 
fore act as antiseptics even in high dilul on Since it is imposable by this method 
to remove all traces of the di_mfectant from the inter=;t ces of the thread Kronig 
and Paul (1890 replaced the threads by garnets thev introduced a further 
iiaprovemeot which rendered the test quantitative he plating out the washings 
from the gainets and counting the number of colonies that d<»veloped The 
two te ts that are chieSr u>ed at the pre«eDt time cither in their ongi^ or in a 
modified form ate the R deal Waliet and the Chiel ^lartin methods 

The Rideal Walker Drop Method (R deal and 11 aider 1903) — In this method 
eimtlar quant ties o! orgamams are submitted to the action of varying concentra 
t oiu of phenol and of the germiade to be tested. Subcultures are made uto 
broth every 21 minutes up to 15 miaotes and the tnhes incubated a* 3*‘C 
lor 3 day* That dilation of disinfectant X which sterilizes the suspension in 
a given tune u divided by that dSution of phenol which sterilms the suspension 
m the same tune and a phenol coefficient obtained. Thus 

T&BLE ^ 


Salm iyjA *4 Hocas Bboth CcxTm* ar 3"*C TmrEaiTTM ai whics Ttsr was 
COVOCCIED W F 



(For a full discussion of the Rideal Waliec method see Lancet 1909 u» 1516 ) 



TUE caiCK:aAPTi\ test 

nie Cluck-Marfjn Test — In the Rdeal Wallet method the dL«mfectant act^ 
to. pure solution But, in practice, draifectants have usnally to act m solutiocs 
contatnmg oigamc mattet As the jiie*ence td orgomc matter scnoii5l^ }e'°er'? 
the activity of most disinfectants, OucL and Martin (lOO**) 8ug£;estet.l that the 
disinfectant should be tested on the organisms not m distilled water but in water 
containing a suspension of 3 per cent dned human {tccs Further instea 1 of 
allowing tbe time to vary, as in the Ilideal Walter method they fix a time hmit 
of 30 minutes for the action of the disinfectant, making subcultures at the end 
of this tune The phenol coefficient of disinfectants, especially those of the emul 
sified disinfectants is distinctly lower by this method Thus whereas the tciuiiN 
of phenol was reduced about 10 per cent in the presence of 3 per cent fxce that 
of tbe commercial cresols was reduced 30-^0- pet cent 
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of til le Nor Joes it ^n^e us anr information about tbe toiicitr of tie dLinfecfant 
to the tissues its anti leucocjlic power its activity m the presence of protein or 
lipins or Its ^elective action on JifTeient bacteru Anv attempt to espreas bj 
a sinMe index a number of dissociated properties is clearly illogical The phenol 
coefScient as given bv the Rideal Wallet method isatbc«-tagTONJvoTet-^plified 
answer to a lery difficult problem and at won't little short of bactenolo<ncal 
prostitution. To scientific worlers and to lho«e interested m human and animal 
therapy the result is meaningless Were it not for the big financial interests 
concerned in tbe commercial production of di_infectanf«, the te^t would doubtless 
die of duuse 

WTiat IS the remedy » Several have l>eeB proposed but none is altogether 
satisfactory PI elps (1911) supwests that a method of standardization should 
comprise the detemihiation of 1 n and 0 for each dunfectant Bp the formula 

Ktn=iog2 

O 

we can calculate the reaction velocity at any concentration and ly the formula 
Kt = X 6<^ 

where K-j represeuta the velocity to be calculated at the Icmperatore desired 
and the velocity actually deteimioed at n temperature of 20* C (or any 
other convenient temperature) we can determine the value of the temperatare 
coefficient G 

One objection to this method is that tbe reaction velocity often vanes donne 
the progress of disitifecUou To meet this difficulty Hobbs and WHsou 
suggest^ that the value of I *hou)d be tohen in the middle stai'e of the reaction 
W ithell (19420 h) has improved on tbu bv proposing that the bme (aUn to destroy 
oO per cent of the organ in« — Lt oO — sho^d be selected as a coffipatative measure 
of bactericidal efficiency and has pomted out that this v-alue can be mo»t easily 
determined by the use of probit logaitbm of tune graphs (see JJh-sj 1933 1941) 

W ithell (1942i) has al-^ drawn attention to tbe danger of attempting to compare 
two bactenadal agents that yield different lvpe» of time-sumvor curve, ^fanr of 
these are at yansnee with that yielded by phcuol and a phenol coefficient is therefore 
inapplicable 

If Phelps method is adopted then it is advuabte to test the dionfectant a'^mst 
two or three different organisms ase0'^e«tedbyEiJ«nbeig(l‘*19) since it is known 
that some gernundal agents have a strongly selective action on certain bacteria 
The information demed from the u«e of this method is considerably greater and 
more valuable than that «upphed by the Rideal Walker coefficient. Nevertheless, 
It still leaves us ignorant of a number of important properti<^ of the disinfectant 
particularly its toucity to body tiroes and it« activuty m the pre-^ce of ccDolar 
material. For this reason the behanour of the dkinfectant in tissue suspensions 
or cultures can be studied (see Bronfenbrenner et oJ 1939 Salle ct oJ 1939 Welch 
and Brewer 1942) 

In conclusion we luav sav that work of recent rean> particularly on the 
sulphonamides, has «hown how inadequate anv laboratory test of gertmcidla 
activity 13 to indicate the l>ehaviour of a given substance in the animal bodv 
Attention in the future is therefore likely to be devoted far more than m the pa«t 
to a study of disinfectant agents ui the presence of hnng tissnea. 
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Practical Application of Germieiies — We sbnH not give more than a lnc{ 
account ol the use of ^rmicidesin |jractjcc, and sbalJ confine our^ehes to general 
remarks, illustrating the application of the pniici|lcs that we haie already con 
sidered 

Gaseous Disinfectants — The gaseous disinfectants most commonly employed 
are sulphur dionde, chlorine, and fornuMehyde The fiKt two are active only 
m a moist atmosphere Thus sulphur dioxide combines with water to form sul 
phurous acid, and chlorine to form hypoeWorous acid To bo succe«sful m the 
destruction of vegetative bacteria, sulphur dioxide should bo present m a cob 
centration of 2-3 per cent., chlorine of ) per cent ,and formaldehyde 1 2 per cent 
of the atmosphere Ozone is sometimes used for the sterilization of water and f r 
tueat preservation Heisc (1917) found that concentrations bj \olume of al it 
1/1000 destroyed Oo per cent of coliform organisms on the surfaie of an a„ar 
plate in 1 minute, concentrations of about 1/'270 000 m 1 hour and conccntruii i 
of about 1/720,000 m 3— t hours The gas has little penetrating power ant it 
of value only for the destruction of organisms unprotected bj colloulsl i r it! r 
znatenal (see Elford and ran den Ende 1912) The use of aerosols and »a(« irz J 
disinfectants for sterilization of the air — as apart from fumigation— is eoiiii 1 r 1 
m Chapter 01 

Liquid Disiafectants — In actual practice it is inevitable that disinfectants 
should be employed more or less empirically, it is impossible, from knowledge 
gained in the laboratory, to predict exactly the length of time requisite for the 
complete steiilization of any material Realizing this, we err on the safe side 
and anange our conditions so as to obtain sterilization in a time much shorter 
than that which is actually allowed To do thi« however, it is nece*sar} to take 
into consideration the principles that we have already considered so far as they 
are known and pay particular attention to such variables as the nature of the 
organism, the material m which it is contamed, the II ion concentration, the salt 
content, and the temperature at which the reaction is to proceed Having con 
sidered these, the disinfectant to be chosen the concentration m which it shall 
be allowed to act, and the time for which its action shall continue may be defer 
mmed For general purposes, we may lay down a few simple rules 

(1) Spores are mote resistant than vegetative bacteria 

(2) Bacteria possessing a high content of lipins, such as the acid fast I aciUi 
are very resistant to liquid disinfectants Tubercle latilti in sputum may «ith 
stand 5 per cent phenol for 24 hours, but they are killed by boding m 1 minute 

(3) For the destruction of spores and acid fast bacilli heat h prcferalle to 
chemical disiufectanti 

(4) Bacteria suspended in a protein medium are more resistant thm those in 
a non protein medium 

(6) If the protein medium is also a good nutrient medium the orgam-ms arc 
even more resistant 

(6) Disinfection by nearly all germicides proceeds more qaicHy m an acid 
than in an alkaline medium There » evidence that a given conorntration of 
II ions IS more bactericidal than of OH ions 

(7) The cflect of salts in the medium depends on their nature and on their con 
centration In general, salts increase the action of phenol and of the emubifrei 
disinfectants, but dimmish that of ITgClg 
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(8) The higher the temperature at which a disinfectant is allovred to act the 

more rapid is the proce'is of stenluation ® 

(9) Some germicides div^olccd in alcohol or in vegetable oils ate deprived of 
the greater part of their power hut an alcoholic <olation of iodine is a potent 
skin dicinfectant. 

(10) Dooblmg the concentration otBgCl, halves the time tahenforsterihiation, 
doubling the concentration of phenol diminishes it about 64 tunes. 

(11) For nse in a protein medium the acid disinfectants, such as hypochlorous 
acid bleaching powder, and the disinfectants that can be employed combined 
with acids, are most e&ective The alkalies are also lehahle 

(12) In the presence of organic matter, whether in solution or in susperuion, 
the actii itv of certam disinfectants is markedly lowered, especially with the emul 
6i6ed disinfectants, with oziduing agents, and with the salts of the heavy metals 
Phenol is much le^s ailected and likewise certain dyes, such as flavine 

(13) Salt-* of the heavy metals — meicniy, «ilver, and copper — are mainly of 
value for their bacteriostatic effect , their abihty to kill bactena has been gnksly 
overestimated in the pa«t and is m reahty comparatively low 

(14) For the di infection of varnished or greasv surfaces, an cmnLified dis 
infectant or a I actcncidal wettmg agent is to be lecominended , nqueons solutions 
are of little v alne 

(lo) For the dumfection of metal instruments, all «nb«taBCcs that act on the 
metal causing rust or other change, most be avonled 

(16) For references to dinufection of the hands and skm, the following popet^ 
may be con-ultcd \hlfeld aud \aUc (1^96) Colebrook (1930 1941), Colebrook 
and “Mavtcd (1933) Neufeld and Schiemann (1943) 

(17) For instructions in the U'e of hqmd disinfectants in hcepitals, see Report 

( 1911 ) 

Solid Disinfectants — Tfae'e are generally made up in the form of powders, with 
a basis of lime silicious matter, or vegetable fibre Phenol is the conunosest dis 
infectant incorporated To destroy bactena they must pass into solution , m 
the dry state they act merely as deodorants. 
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to a faulj constant pattern, the ratio is a valnable index of therapentic efficiency 
For example, nsing rats suffering &om an experimental trypanosomiasis, the 
ratio of the minimal lethal dose to the minimal curing do«e is umty for aremc 
acid and 4 for atoxjL Arsenic acid is clearly u-^less, and atoxyl not rery satis- 
factory Under the same conditions, arsphenanime has a ratio of 37 

Uthongh a great deal of precise chemical mrestigsbon accompanied the search 
for chemotherapeutic agents, rre have to-day little knowledge that mil enable us 
to predict what type of substance is likely to prove effective against a given parasite 
The successful dLiovenes have been largely the result of trial and error "Widely 
different substances prove to be si mila r m their efficacy on one type of infection, 
though once a type of substance has proved efficaaons jt is usually posable to 
relate its molecular structure to its chemotherapeutic activity For example, 
tnialent arsemc attached to a benxene nng is most effective again-t trypanommes 
•when there is an ammo group in the pore position, and against spuochstes -when 
there is a hydroxyl group in the para position and an ammo group in the ortho 
position. Thus, arsphenamme has the formola 

HQ< ( ^ A»=Aa< ^^ ^ OH 

Another general pomt of importance is that the drug does not necessarily 
act in the form in which it u administered Atoxyl, E,\< ^ AxOj HXa, for 
example, is a pentavaleot atsemcal, but is reduced to the act.ve tnralent fona in 
the body 

It is supposed that chemotherapeutic drugs act either by weakening the para<ite 
<0 that It 13 easily eUmioated by the defence raechanums of the tissues or by 
Inihng the parasite outright Experience with expenniental tzypasosomiasia 
shows that, if small do«es o' the drug are gii en, the “ weakemng ” process may 
not only be meffectire, but that subsequent generations of the parasite may 
develop immumty to the drug and become “ drug fast.” 

CSEMOTHEBAPEUTIC AGE^TS ACTITE AGAINST BACTERIA 

The development of chemotherapy in ^irochstal and protozoal mfeebons 
m the early years of the century had no parallel in bacterial infections In 1911 
lloigenroth and Levy were able in a certain pioporhon of cases to protect 

mice against pneumococcal infection ethyl dihydrocupreine, hut apart from 
this there is httle to note until 1930, when ^magk (193(M, b) repotted that the 
compound en]phonanudo-cry«oidm (Pronto«il) vrould cure streptococcal mfeebon 
m mice The curing do^e was between one-tenth and one-fifbeth of the tolerated 
do«e for the acute mfeebon that followed the mtraperitoneal mjeebon of ten 
lethal doses of Str pyogenet, and between one hnndredth and one five-hundredth 
for a le“s acute mfeebon. The interval between infection and the start of suc- 
cessful therapy was m some C3«es as long as three days. Domagk’s ohservabons 
were quickly confirmed by French and Bntish workers (see Levaib and k aisman 
1935a 6 NitbandBovetl93o, Buttle ISSo.Golebrook and Kenny 1936) Sulphon 
amido-crysoidm, however, was acbve onfy m the animal body, and had no effect 
on streptococci tn vitro Trefouel and his cofleagues (193a) Euppo=ed that the 
in nro action was due to a breakdown product of the drug, and showed that the 
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solpliOHSMude lialf of the molecale was acU%e toth in the test tul>c anJ tlic jnrcctcil 
mouse (see also Goisyeicict et al 1936, BuUle, Grav and Stcplieason 1936) Tbit 
Bulpbonamido-ctj'Boidm ms Woken down to yjrid the actirc enlpbonarmle m 
tbebod^ was demonstrated bj FoHcf{1937) andjwrc Bmmolnntenosolphoinjinde 
was thereby established as the ac(»\e principle of prontosiL 
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to be proved active, and was snceesaful in the treatment of pncnmococcal, meningo- 
coccal and gonococcal infections. SnlphAthiazole and snlphadiaane were improve- 
ments particularly m respect of StajA aureus infection, and as an example of 
the aelectinty that a drug may display jt is interesting to note that stJphadiazme 
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proved to be effective against Fnedlandei's baciUns, which had hitherto proved 
insusceptible to sulphonamidea 

Solphaguanidine is mclnded as an example of a modiffcation designed to be 
antibactena! soluble and yet absorbed with difficulty from the alimentaiy tract , 
emtahle, that is, for the treatment of infections of the intestinal tract 
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SeQmtioa of Some Terms 

The terminology of nntihictcnal effects produced al) bmds of cocjpounls 
js confused The failure of «n inocotum of bictens to groR" after exposnro to 
« given compound la referred to Bometimw as a bacteriostatic effect sonictitnes 
as a bactcncid&l effect Tiie agent producing this effect may lie callwi \anou»!r 
an antiseptic, a bactcnostatie, a bacteml autagoniier, an inhibitor o»a eup{>rc*«or 
of growth, and so forth Agents whicH protect the b^ctcnvlm fto«\ the antv 
bacterial action may bo referred to as a debating substance an nntagonirer a 
rever’tng substance or an inbibitmg substance 
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The bacteriostatic action rancs direct]/ as the ccncentrafaon of the dru'’ 
and inver«elj' as the coneentratioa of the bactena. This latter relation cannot 
be simply explained in terms of the amonnt of snlphonamideavailablepei bactennm, 
for in anr given test only a small fraction of the dmg is taken np bv the bactena 
(Sfclntosh and IVhitby 1939, Eohn and Hams 1911, Ro«* and Fox 1912, Pike 
and Acton 1942) Tiith. organisms that grow optimally at 37’ C a nse in tern 
peratnie above this level greatly increases the snlphonamide activity AVhite 
(1939) found that only 1/IOOlh of the amoont active at 37’ d rras required at 
39® C The degree of bacteriostatic action is greatly influenced by the medium 
n«ed for the te«t. In general, the richer the medium the leas effective the drug 
From the pomt of new of precision work in bacterial metabolism the vanabilitv 
of common ingredients of rontine media like 2 >eptone, tts«ne extracts and blood 
fluid® Is enormous, Nevertheless, in carefnllypreparcdtontme media, comparahve 
tests of sulphouanude inhibition ate vahd, thongh absolute measures are unreliable, 
owing to the variable amounts of substances that antagomre the action of the 
drug («ee for example MacLeod 1940, Lewis and Snvder 1940, JIacLeod and 
Jlmck 1942) Antagonizcrs are present in peptone (Lockwood 1938, Weld and 
MitcheD 1939) in temm, and in extracts and hydrolysates of a nima l tissne (Landj 
and Dicken 1942 Lewis 1942) Reliable remits art possible only m definod media 
where the antagouL-tic effect of each ingredient may be dcteimmed with certainty 
It IS generally believed that in low concentration the sulphonanude dregs exert 
only a bacteriostatic effect but the careful ob*crvations of Wolff and Jnlius (1939) 
suggest that they are lethal to actively dividing orgam<ms, and that at other 
stages of the culture cycle bacteoal growth is merely inhibited The analogy 
to pemciUin is very striking (see p 163) 

The tn I itro Besutance ol Bactena to Snlpbonamides. 

The resistance of bactena to s vulphonamide is measured in terms of the 
miniTnnm concentration of the drug that prevents the growth m a defined medinm 
of a standard inoculum of the strain under te«t Without cartful stacdaidizahon 
of the medium and condibons of test (®ee, for example, Strans e4 al 1941) the®e 
measnres serve onlv as rooah indications. Comparative te^ts, however 'how that, 
although bactena as a whole are generaUy susceptible to the action of one or 
other of the sulphonamides there ate wide variations in "U5ceptib3itr, both from 
one species to another, and from stiam to stiam within a species. Thus althoogh 
the speaes Sir jn/ogertes is relabvelv susceptible to sulphanHamide, and Staph 
aureus relatively resistant yet in an exammabon of a large number of strains 
of both species, there would be a wide overlap of suscepbble strains of Staph, 
aureus and resistant strains of Sir pycgeites Stiam vanabons in natural resistance 
have been noted by a number of ob-ervers (see for example. Green 1940, Green 
and Bielschowsky 1942, Poston and Orgam 1912 Felsenfeld 1943) and mnst be 
taken mto account in the therapy of infecbons by snlphonamides, smee clearly 
the assumpbon of a general level of «nscepUbihty for a given species may have 
®enons consequences if applied consistently to the treatment of all infecbons by 
that speaes. 

Of even greater importance is the demonstration that resistance to sulphon 
amides can be acquired in the tc«t tube. Racfena may be tiamed by serial sub- 
culture m media containing non bacteno«tabc concentrabons of the sulphonamide 
(Green 1940, iIacL«)d 1940, Strauss et at 1941, Schmidt ct ol 1942, Kirby and 
Rants 1943, Kirby 1943, Lankford et aL 1943, Ham o and Kohn 1943 McIntosh 
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and Selbic 1913^) The degree of rcastance acquired uppciri to drprnl naml\ 
upon the strain, but partly upon the culture medium in which the training talrs 
place The conecntntion of drug required to induce nsutanre m propiittjonrl 
to the bacteriostatic potency of the drug ««e»l, and the resistance, once acquiml. 
IS sufEciently established as a character of the atnim to withstand serial subculture 
in media free from the sulpbooamide. 

Resistance can also be induced m nto (MftcLean d al 1939, Schmidt and 
HiUcs 1910, Frisch and Price ISilfATMUoandSpinL 1912) For exampl**, Schnii It 
Seeler and Dcttweiler (1912) infected BulphapyTidine-trcatei] nuce with iiruJcnt 
pDCutnococcj, pooled the cuitiircs from the heart Wood of the mice which died 
and with the pooled cultures infected another group of sulphapyndinc treate<l 
twee Two to three repetitions of this process c«ti«ed an appreciable incri%»<. 
of tn tilro resistance, and three to mne repetitions produce*! a maximal degree 
of resistance The acquired resistance was Bufficicntly established to withstand 
215 passages through normal mice Tho effect of the drug does not *pj>ear to l« 
one of sclectiie breeding oat of Dstarally resistant lanants, but « dittvt adi i 

Ori nil rhfl njeMbftlinnir *n r)»» 
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an aiomatic aniino impound led \Voods (1940) to t£»t tte antagoninng action 
of p-arainobenzoic acid It proved to be a powerful antagonizer, in a defined 
basal medium containing streptococci, one tnolecole of tlie acid antagonized the 
bactenostatic action of 26 000 molecules ofsnlpbamlamide The probable presence 
of p-aminobenzoic acid in yeast was later established by Hubbo and Gillespie 
(1940) Blanchard (1941) and McBwsm (19126) (See also Batner et af 1944} 
Subsequent observers confirmed Woods’ findings (see Green and BieUchowsty 
1942 Knbbo and GiUespie 1942, Wood 1942} and showed that the ratio of molar 
bactenostatic concentrations of sulpbanilamide to the antagonmng concentration 
of p-aminobenzoic acid vaned between 26 000 1 and 1000 1 The amd antag 
omzes all the snlpboDanudes and Mood (1942) observed that the greater the 
bactenostatic activity of the sulpbonamide, the smaller is the laho, % c the greater 
Its ability, molecule per molecule, to eonnteract the antagonizing effect of ^i-anuno- 
benzoic acid. 

The Woods-Ffides Hypothesis 

The stmctural eunSanty of salpbanilamide and p-anunobenzoic acid led Woods 
(1940) and Fildes (1940a) to propound an hypothesis of sulpbonamide action that 
baa proved exceedingly fruitful in the mvestigatioa of a&tibacteml substances 
The M ooda FUdes hypothesis made precise the prettously held nobon that sulphon 
amides meome way mtetfered with an essential metabolic function of the baetennm. 
Woods and Fildes codtend that p-anuoobenzoic acid u an essential metabolite 
for susceptible bacteria wbo«e growth is inhibited when sulpbonanudes by reason 
of their stmctonl sinulanty to the natural metabolite, block tbe enzyme system 
concerned with this parbcolar part of the essential metabolism of tbe organism. 
Inhibitor and antagoni-t compete for tbe enzyme system, and baetenostasu 
results when the inhibitor is successful in tbe competition 

The degree of competition in a gi^en organism may be expressed by tbe ratio 
Cj/C){ Cl being the molar concentrsbon of inhibitor that is ]ast bactenostabc 
in the pte ence of a molar concentration Cy of the corresponding metabobte 
(HcHwain 19426) Thus the ratio, for which JIcBwain proposrf the name ** anti 
bacterial index, wasfoundby Woodstobc26000for S(r pyogenes, colphanilamide 
and p-ammobenzoic acid Among other things, it can ^ nsed to predict tbe 
chemotherapeutic efficiency of a drug, if tbe concentrabon of the metabolite 
(t e the antagonist) in the tissues of tbe animal is known (see below, p 164) 
Tbe facts of p-ammobenzoic aad antagonism to the snlphonamides have been 
amply confirmed both in vtlro and in the bving animal. The Woods Fildes hypo- 
thesis of Its action is widely accepted. However, it is not consHtent with all 
the phenomena of sulpbonamide acboo, and for this reason we shall examine both 
the corroborative evidence and the mconsistencies in some detaQ. 
paro-amlnobenzoic Aeld as Essential tfetabolite 

In two species of bactena there is do doubt that p-aminobenzoic acid is an essential 
metabobte for it is demonstrably an essential natnent Both Cl. aetiobutyheam (Rubbo 
tl al 1941 Bubbo and GiUespie 1942 lampen and I^teison 1941) and Attlobaeftr nib~ 
ox]fdan» (I^ampen ti al 1942) require the acid for growth and both ate susceptible to 
an inhibiting action of sulpbonanudes that is reversed by excess of the acid (see abo 
Eubn and Schwartz 1941 IVIedlusg 1941 Zsbell 19^ l^ndy and Ihckcn 1942) In 
one other species a soil badHus isolated bv 3Imck (1943) an enzyme system capable 
of oxidizing p^anunobenzoic aad has bem demonstrated , the growth of the organism 
was inhibited by eulpbapyndine 
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and panto\ltaanne in which the — COOH gionp ts replaced by — SO,TI were found to 
be similarly related (see also Barnett and Itol inaon 1012) Becentlv Alcllwain (1913d) 
has further elucidated the action of panti^ltaonoe bj compatuig the metabolism of 
resistant and susceptible strains of C dtjA&trut and Str pyogenes Pantoliiemc aad 
13 an essential nutrient for susceptible strains of both species Pesistance coidd be induced 
in C dxj^ihtna bv senal subculture either m media containing sub inhibiting amoonts 
of pantoyltannne ormmedialackingpantothenate, andallresistantstrainswereshownto 
have developed the power to nse ^alanine which they presumably synthesized mto 
pantothenic acid Resistant SIt pyogenu had developed no abilitv to synthesize panto* 
thenate They were however sosceptible to salicylate and pantoyltaunne snggestmg 
that resistance to pantoyltannne alone is doe to the possession of an alternative metabobc 
process which in turn is sasceptihle to eaheylate (see also Ivanovics 1942) Ztlcllwain 
and Hughes (1944) hare also ehown that pantothenate is metabolized bv Str pyog*nia 
during glrcolysis but that neith>T absence of pantothenate nor its antagoiuzation b^ 
pantoi Itaunne affects the glycolrsis On the other hand either the absence of panto- 
thenate or the addition of pantoyltannne or the inhibition of glycolysis will inhibit 
growth Ihcse facts are most convementlr explained by assuming that both glvcolyeis 
and pantothenate are necessary for the formation of an essential growth metabobte in 
the cell. 

FaDtoyltaonne ts of particular interest <ince McDwain (1942a) was able to 
collect data from which he predicted its in nco action The antibactenal index 
for Str pi/ogena was as low as 500, the moUr coocentratioQ of paatothemc scid 
likely to be found m ammal tissues lay between 10 * and 10 * , and the molar 
concentration of pantoyltannoe required to inhibit the streptococci m the pre«enee 
of this amount of pantothenic acid was well below the maximum tolerated con 
centration The prediction that pantoyltannne would be chemotherapeutic in nro 
was amply confirmed by Mdlwam and Hawking (1943) Hats were protected 
against 10 000 lethal do«es of Sir pyogenes, and the protect ire effect was abolished 
by artificially raismg the pantothenate concentration of the blood The drug 
was ineffective in mice in who^e tissues the natural pantothenate content is 
higher 

Woolley and 4Vhit« (1943) hare also demonstrated a resistance to an antibacterial 
substance of the Woods Slides type which. Iite that of^tr pjog^u to pantoylta nnne , 
does not depend on an abQity to synthesize increased amounts of the essential metabolite 
Pynlbiamuie the pyndme analogue of tKtatnm miubited the growth of ye&st and bactena 
m direct proportion to their natural ihiiitniii requirrmenta. But the resistant strains 
produced neither thiamin nor any other pynthianune antagonist in detectable amoimts. 
Failure to demonstrate increased synthesis of the essential metaboLte by dmg resistant 
organisms does not however invalidate the Woods-Fildes hypothesis The resistant 
organism may develop a different unrelated path along wlucli to carry ita essential metabolic 
processes. 

Further examples of antagonism are described m connection with other antibacterial 
agents We mav note here for example that polvamines like tnethylcDetetramine 
and tetraethylenepentamine antagonize the bactenostatic effect of mepaenne on Bad ecti 
(Silverman and Evans 1943] and of pre^iamidine on L ea»e\ and Str ladi4 (Snell 1944) 
MeUwam (19116) has applied the Woods Fildes hypothesis to the antagimism of nucleic 
acid and related substances to acnflavine As in the snlphonamides, there was a constant 
ratio between inhibitor and antagonist Asuno-acid oonoentiatea, especially in the 
presence of artificial hydrogen earners like methylene blue were also antagonistic, but 
with increasing concentrations of inhibitrw, uoeasing concentrations of antagonists 
became ineffective hfcHwam condudea that the acnfiavme competes with imcleic acid 
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and like euWanwa for an csvnlial erwjnic a^-stem ami that the amino acM eonmnintr* 
arc cfr«tin3 bociuv! thfy arc suliStraUa or prodocU of the t^vntUl cniamc. iihifh to 
eome extent enn be rcpbicod bj artiftcwl hjdropri\ enmm. 

Other Solpbonamide AnUtsonists 

There 13 a large group of eulxUiicea captMe of antagonizing sulpljonaniulM. 
For example, antagomzera are found in necrotic tLvuc and (J^ockwool 

tl ol 1933), in pus (MacLeod 19I0X and, as we have alreadj* no{«l in the c<tn 
plex organic jngredionta of routine culture media (*ee Strauss and Finhnd 1*^11) 
In pome of these the active principle may he p amtriohenzoic sejj (hoiigh it is 
unproven Among other eubstancca structunlly unrelated to p-aminnhcnzoic 
add that arc reported as antagonists ato tnethionitie (Kohn and Hirris I*'!!) 
CO enzyme I (tVest and Cohum 1910) nicotinio acid and nicotinamide (Dorfinm 
ef al 1910), urethmc (Johnson 1912), punne bases (Martin and Fisher 1912 Snill 
and Mitchell 19 12) and certain amino acids 
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and pantovlutinne, m which the — COOH group u replaced by — SO,H were found to 
be similarlv related (see abo Barnett and Bdbioscm 1942) Becrntle McBa'am (1945a) 
has further elucidated the action of pantovltaonne by companng the mctabc^m of 
resistant and susceptible strains of C and Sir pyo^enet Pastotbeuc aad 

13 an essential nutrient for susceptible strains of both species. Resistance could be induced 
in C dtphOiertte by serial subculture either in media containing snb-inhibiting amounta 
of pantoyltaurme, or in media lacking pantothenate , and all leeistant strains were shown to 
have developed the power to me ^•alanine, which they presumahiv synthesized into 
pantothenic acid. Pesistant Sir pyogtnes had developed no abOity to svntheaze panto- 
thenate. They were, however, susceptible to salicvlate and pantovltannne, suggesting 
that resistance to pantovltaunne alone is due to the poosesaon of an alternative metabolic 
process, which m tom is susceptible to sakcylate (see aLo Ivanoncs 1912) McBwain 
and Hushes (1944) have also shown that pantothenate u metabcJized by Sir pycgtnu 
during glycolv^is but that neither absence of pantothmate nor its antagoniration by 
pantoyltaurme affects the glycolysis. On the other hand either the absence of panto- 
thenate or the addition of pantovltaurme, or the inHbibon of glvccJvsis, will mh^it 
growth. These facts are most cooveuentlr explained bv assumu^ that both glvcolvms 
and pantothenate are necessary for the formatMm of an essential growth metabohte tn 
the cell 

Pantoyltaurme is of parbcolar mferest smee Mcllwam {1912a) was able to 
collect data from wbich he predicted ita tn nro action. The antibacterial usdes 
for Sir pyc^mes was as low as 500 , the molar conceotraboD of paototbenjc acid 
likely to be found in animal tissues lay between 10 ~' and 10 ~*, and tbe molar 
coscentntioo of pantoyltaunne reqoir^ to inhibit the streptococci m the presence 
of this amount of paotothemc acid was well below the maximum tolerated coo 
centration. The prediction that pantorltaimoe would be chemotherapeutic tn tiro 
was amply condimed by Mcllwain and Eawkmg (1943) Bat» were protected 
against 10000 lethal doses of Sir pyi^nrs, and the protective effect was abolished 
by artificially raismg tbe pantothenate coDceotration of tbe blood. The drug 
was ineffective m mice, in whose tissues the naturul pantothenate content is 
higher 

Woolley and ^Vhlte (1943) have also demonstrated a resistance to an antibacterial 
substance of the Woods FUdes type, which. like that of Sir pyuiyMt to pantoyltaunne, 
does not depend on an ability to syntbesize mcirased amounts of tbe cs!>ential metabohte 
Pynthiamine, the pyndine analogue of thiamin, inhibited the growth of veast and bacteria 
in direct pr o p ortion to their natural Uuamin requirements. But the resistant strains 
produced neither thL.»mig nor any other pyrtthumine antagcmist m detectable amounts. 
Failure to demonstrate increased synthesis of the essential metabolite bv drug resistant 
organisms does not, however, invalidate tbe Woods-Fildes hypothesis. Tbe resstant 
organism mav develop a different unrelated path along which to carry ita essential metabolic 
processes. 

Further examples of antagonism ate desenbed in connection with other antibartenal 
agents. We mav note here, for example, that polvammes like tnethvknetetrasune 
and tetraethjlenepentamine antagonize tbe bacteriostatic effect of mepacnne on Bact eti* 
(Silverman and Fvans 1943} anil of propamidine on L. <a^\ and Sir laeiu (Snell 1944) 
3Icllwam (194I&} has applied the Woods Fildes hypothesis to the ^tag«usm of nucleic 
acid and related substances to aenfiavuv ^ in the fulphonamides, there was a constant 
rabo between inhibitor and antaz(HU>t. Ammo-acid concentrates, especislly in tbe 
presence of artificial hydrogen earners Iikf methylene blue, were also antagonistic, but 
with increasing concentrations of lolubttor, increasing concentrations of antagonists 
became ineffective HcDwain condudea that the acnflavine competes with nucleic aad 
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and like aubstanew for nn rawntial emyme ajatem. and tlist Ihc amino^cid ronernlr»t« 
are eflertno bocAuso tllo^ are anbstmtpa or producU of the rsscntwl rni>mc. which to 
some extent cm lie replaml by artiRcul b^rogrn nmm 
Other Solpbonaiside Aota^obts 

There is s large group of substances tapiWc of sntogonirjoff su!phonamnI«». 
For example, antagonirera are found in necrotic tissue and abwises (f^Lwoo-I 
cC al 1933), in pus (AlacLcod 1910), and, as wc hasc already notoil, in the com 
plex organic inprf?dtcnts of routine culture rowlii (see Strauss and Finland 1911) 
Xn some of these the nctne principle maj be p-aminohenroic and, though it is 
unproaen Among other substances structurally unrelated to yi-atnmobcnzojc 
acid that are reported as antagonists arc metliiomnc (Kohn and Hams I'^ll), 
CO enzyme I {West and Coburn 1910) nicotinic acid and nieotiaanude (Dorfnian 
ft al 1910), urethane (Johnson J9J2), purine ba«et (Martin and Fidicr 1912, Snell 
and Mitchell 1912) and certain ammo acids 

Kohn and irnms postulated that a moth»<miii |hiist of mrtAbolum wa* secondary 
to a phase for which p ammobcnioic and was a ratalMt anl that when the Utter waa 
blocked by aulphanilamidc, addend incthioninc enablctl the ravnlLiI metaliolusni to carry 
on With regard to co-cnzjine I and nieotuiamide Strsass DingU and Finland (1911) 
could not conTirm Most and Coburns obscrralion that «’>eiutmo T antapenlwd the 
inhibition of staphylococci by eulphapyndinc but found a partial antagonism of sulplia 
guanidine by a combmation of uracil pyruvate ami adeny he aciiL KoserandhiscoUeagur* 
(Dorfman and Kosec 1042 Ikrkman and Kcmt 1013) tiaxc diCneil some of the eonditiona 
in which cO'cnzymo I and tiicotinamhlc arc active Vsing a strain of soann In a basal 
tnetbum they found that thi'sc siibsUnces «ntngoniz<sl the inhibition of its rrspintory 
actmty by sulphapvndino and suIphatliuzoU but n<t inbihitmn hi rulj hantUmi 1i , 
sul] ha Itazmo, 8«1phaguamdin<- or sulphacitami le I'am aminol^'nit ic and «m sntAgo< 
rustic to all the sulphonatmdcs te«tod though it* eff-et on sulphapytihne anl sniplwi 
thiazok* was 1 cm than that of nicotinamide Ttwi concj ijisl that tlie rvhele attaclml 
to the sulphonanude jvirt of the molecule ecoll also affret the rnxynne siwlemsof the 
ciU, and that In this fuec the structuml aimilmtv of the pynhne or thiazole nngain 
•ulplinpy ndinc and sulj hathiazole with nieoiimc acii was rt-ponsjU for inhd ition of 
respiratory actiMtv dcjicndent nj>on mrotmnmide () in bm-eart>oT»ni le) and co-enzvmc I 
(diphospho-pyridine nucleotide) (sec al-o r Fnhr 1913 Tepis n a/ 1913) AnUermbm 
ly ommo-acids is illustrated b\ iv recent npnrt of b«VQg and Urren (I''l4) who rivrn«w| 
the Bulphonsmidc inliihition of StapA Aurcu* m a mcilmtn containins plurr»e> and certain 
nmmo acids by the addition of tr^jiojhsn 

AlteroatiTe Hjrpotbeses of Sulphoaamfde Action 

The 8uccc«a of the M oods FiMes b)polhe«w m \ rcilirimg the mbit itory actii ity 
of analogues of growth factors do* s not neccssaril) confirm the truth of the hypo- 
thesis in relation to sulphonamide-action, though it proi i les a strong inrentn r 
to gise the hypothesis priority of place The student is nfirred to th*" reMcw 
of Henry (1913) for a full discusnon of the objccliona to the htTotle*i«. Me 
shall do no more than suminanie the tnam points 

Neither the competitiie relationship l»etween sulphotnmt Irs anl y-aTmn<v. 
benzoic acid, nor their etruetaral wmihntt. necesvinlv rigni'‘es a romj-eimoit 
for an enzyme system utilizing p-«nuno!*enzoje and In lie fir-* I’lre ; aniro- 
bcnzoic acid antagonuus sulphonain«le inhilation of n wlich it tan j -av 

no css* ntnl part ; eg the carboxyUfe ssetem of*‘^^fpA OMO-urf^viagr/ci J Ij) 
the digestion of starch by diastas*, am! the adsof| tion of methr^re 1 la- to t 

(Eyster 1913) 3Ioreo\er, the rates of inhibition »o 1 artagorttafwn mar d rr 
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markedly, a fact difficnlt to reconcile with the hypothesis of direct competition 
between the two (Hirsch 1914) (See p 165, and Johnson rt oJ 1944, for com 
petition of rebtirelc unrelated stnictnres.) In the «econd place, 'ulphanilamide 
mav he antacomzed as we have seen, by substances that hare no 'troctaral 
relation to it 

The hrpothesjs postulates that p-aminobenzoic aad is an e*!sential metalxihte 
in a wide ^anetr of plants and animals (“eeFddeslSlOi, 1941) Tl^t it is a gr owt h 
factor for certain bacteria and animals u no more than «n'’gestive , at present 
Its wide distnbntioD and a similar distnbntion of enrrme systems that utilize 
it remain onproven. Two other of Henry s points the limited ralae of the 
endence of (a) increased p-aminobenzoic acid prodnctioa by enlphonamide- 
re«i.«tant «tTaiD« and (6) analogous 6V«tems of growth factors and inhibitors, we 
hare already dealt with There remams the most cogent ohjection, that animal 
and bacterial rc«piratory sy«tem« are inhibited by sulphanOamide In two «retems, 
the sea urchin s egg («ee Henry 1943) and perhaps ifr /ularenfu (Tamura 1944) 
the inhibition w not reier«ed by p^aminobenzoic acid Snlphonamides appear to 
hare a direct action on the re^piraton enzymes of bacteria, both aerobic and 
anaerobic (Serag and Shelbome 1942, Dorlman and Ko?er 1942, Bertinan and 
Ko'Cr 1943) on bacterul dehydiogenaso (Macleod 1939, Fox 1942), and on 
cocarboxyUse (Serag Shelburne and JIndd 1942, Serag rt a! 1943) &rag and 
his colleasues conclude that «ulphouaaides inhibit oxidatire enzymes also 
Serag and Green 1944) and therefore the growth of the bectem. Henry groups 
the Eulphonamides with indifferent* cell inhibitor* hie narcotic*, inhibiting a 
specific fraction of the total oxidative reactions of the cell upon which cell division 
depends. Like the narcotic*, the sulpbonamides <tiinulate m low, and inhibit 
in higher, concentrations (Finklestone-Savliss rt e! 1937, Green and Bielschowslcr 
4942 Lamanna and Shapiro 1943) Like narcobc>, they act upon a wide variety 
of tissues. For example, they inhibit the growth of tissue cultores of tomato 
plants (Bonner 1942) and wheat and oat <eediiDgs (Bnan ]944, Jones 1944} , and 
they inhibit the leprodnctiie division of flagellates (Lwoff rt al 1941) The 
specificity of p-ammobonzoic and as an antagonizer do»s not implr that thi> sub- 
etauce, or anr other antagomicr, oecc-sar3y acts by rpeciSc interference The 
antagonizer may act as a non «pecific growth stimulant (•see, for example, Kantz 
and Kirby 1944o), though It is pertmenttonote that Lmch and Lockwood (1941) 
di«tmgnished clearlr between the antagonistic action of peptone m a human 
serum medium which was due to growth stimulation and that of p-ammobenzoic 
aad, which was not Alternatively, antagonizera may combine direcilr with the 
inhibitor, forming an inactive complex. This is unhkelr to be the case with 
ff-ammobeiuotc ectd and a ea}ph<msaude, fjr ther do not reset ta the skseaee 
of bactena The antagonism of mercapto compounds to the dionfectant action 
of HgCl, (Fildes 19406) may be of this nature Agam, cationic antiseptics of the 
long-cbam fatty acid trpe, which presumably act bv disorganizing the hpoid 
membrane of the bacterial cell, are antagonized br the addition of pho'phohpms 
(Baker, Hamson and Jliller 1941) Finally, antagonizers may shield the sus 
ceptible cnznne sv^tem from the inhibition, without blockmg the enxrme action. 
Here again cationic antiseptics provide a model for the hrpothesis. (See also 
PemcHhc Aciil, p 178) A alio and DoBois (1944) reversed the antibacterial action 
of a highly tome cation, 3»-dodecyI dimethyl ammomum cUonde, d^lacmg it by 
the addition of a relatively non tome cation Lie X hexadecybdimethyl ammonium 
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The nece'isity for the para position holds also for the antagonistic effect of 
p-amiDohenzoic acid 4s Rubbo and GiUespie (1942) shoifed, o* and m amino* 
benzoic acid are poor antagonizeis, and reiy poor essential nntnents for Cl 
acftobulijhcum as compared mth the para form. 

The S of the radicle can be replaced by arseme, carbon phosphorus, selenium 
and tellnrinm though not all the componnds so formed arc antibacterial, and 
not all the antibacterial compounds are antagomzed by p-aminobenzoic aad 
{Rosenthal et a1 1939, Green and Biel*chow«ky 1942 Hir«ch 1912) The sub- 
stance 4 4 -diaminobenzil (H,\ C«H, CO CO CjH, XH,) is sulphur free, and yet 
behaves as au active sulphonamide, being antagomzed by p-aimnobenzoic acid 
(Kuhn Jlollcr and Wendt 1943) 

As will be seen from Fig 27, most of the Eulpbonamides m general use ate 
denieil from <nlphonihmide bv the introduction of «nbstituent< — notablj hetero- 
cvchc rndical> — into the amide pronp Methylation of the pvnnudme nng of 
^nlphadiasine in the 4 and 4 6* position neld< eu 1| hanierazine and su1[ha 
mczUliine re«}>ecti\eh ahieh ha\c * «iDii]arlv high degree of actint} The 
compound \i-3 l-dimethpl benzoyl sulpbanilamide 


H,V C.TI. SO,\H CO C,H,(Cn,), 


IS abo active but alteratiou of the position of the methyl groups u the benzorl 
residue completely destroys the activity (LSuger and llartio 1943) 

The bacteriostatic patency of the sulpbosamides vanes directly with theu 
ability to counteract the antagonistic effect of p-amuiobenzoic and, 1 1 , the atnnget 
the ding the lower its antibacterul index. At about pH 7, that of solphamlaiuide 
lies between 26 000 1 and 1000 I At this pH, however, p-aminobcuzoie acid 
IS almost folly lomzcd sulphaiulamide very Lttle, and the ntio m terms of anumt 
may be near unitv (Fox and Ro«e 1942) The acid dissoaation constants (Ka) 
of the drugs increase with activity, that of sulphanibmide bemg 2 2 x 10 
sulphapyndme 5 1 X 10 *, and suipbathiazole 6 2 x 10“*, the last approaching 
mo<it cloudy to p-aimnobenzoic aad, whose Ka is 1 2 X 10“* (SclmeTLes et al 
1942) Albert and Goldacre (1942) on tbe other hand suggMt that the actiuty 
of sulphamlamide and p-aniioobenzoie aad mav be a function of their Teeble 
basicity , both hai e a Kb of abont 10 *' The 8<vSocjatioa between concentiatiou 
of amons and actnitv i3 not, however, constant. 'Maxunum activity may be 
displayed at a pH at which the solution must contain a miitnie of dissociated and 
unissociated forms (Cowles 1942 Brueckner 1943) It is suggested that both forms 
are necessary for activity, the non ionized form alone being capable of penetrating 
the cell hut (he ionized form being an active mhibitor A simifar explanation 
may apply to BeD and Roblin's (1942) data, which showed that the relation of 
activity with a high Ka value held good only for a given range of compounds. 
Above a certain point, activity fell off with increa'ung Ka Bell and Roblin, how 
ever, postulated that activity depended on the electronegativity of the SOj group, 
as well as on ionizing capacity Compounds with the highest Ka ate tho«e with 
sub«tituents on the amide mtrogen possessmg a high electron-attracting power 
and as a consequence increasing acting due to mcreanng acid strength may 
be counteracted by decrease m tie dectronegativity of tbe SO, group Knmler 
and Daniels (1943) discuss in some detail tbe association of actmtv with the 
polanty of the molecule and suggest that it is immaterial whether the sulphona-* 
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mide acts ns an onion, cation or ncutnl niolwulc m ?onp a* t!if rtOKturr of t! «* 
compound permits a sep.-iratmn of cliarpo \iith the fornntiou of a quininml 
Ptnicture by moscmeiit of Imnds after lomratioti of the ammo prtmp The e«cnce 
of the polarity in this connection h the eIcctropo«>ihMtj if the Ml, cwip 

Tlie geneml form ol the sulphonaml 1« ja II, \ 0,11, SO, MI II Jf IJ c »ul7«i<tnfnl I 
(e {7 , ft thiarolo or a pjTldine nnj! eonipound) is an ch-cln>n aerej lor the nrf-iiirr r} 
on U c SO, increases and the pwitirf. elmrge on the MI, Jwswnes pr.'ajor Su) »i;i«hors 
m othir parts of the p aminoWnzrnc sulf iKmatni K moJeewle Jhat Jnterfen aiih itt- 
imIucUon of tin* jwitiv© clnrye uill pnxlnei tnaetiie rom;<oun )« (»re a]« h n*< « aryi 
Schmith 1042) 

The conccpfion of nctmty in terms of the highly pohr smino gr* up » »jpf»)rt«j 
bi the work, of Bradbiitj nnd Jonlan (1012) nho founl that «i);}ntuhnuile »H){h> 
thmotc, 8utpbnp\nliTU imd p ftmtnDt>enuHO acul all inwhfiMl the eleetrtp) ivtie mr I ihiv 
of ffaef eoh In the same way Inactixe )>enz<n mg ctin;<ounls ami n n n-sonatinj 
isomers of the acti\e compoiinda did not irmluco tlie chanctemlic ihtiu.-" in molil tv 
As the result of testing n lArj,. numl>er of derivatnes an 1 anal igoe# of /> smin Wnroj 
aeid, Jolinvin Green and I’ntili (Ihlt) confinnecl the imjsrrtanci of ih amitio grv up trv 
the pitm position nnl eoneludei! that inhibitors artiviU nn\ lie detrmnnsl }nmari)> 
by the chemical renctnitv of the functional ptvup ralher tinn 1 > stnirtuml aimiUntv 
of the sul stance to p aramobentoic acid 

In conclusion it should be noted tliat though sul; honamulcs iil>e sulf Inti lazote 
and sulphftdiajinc approach tho maximum fttlftinaUa octiMiy in nfro ns jiilgwl 
by their physicochemical characters they are not neres.'ianlj the best attainable 
for chemotbenipy, which must take into con«ulcrotion al virptum excretion and 
toxicity in the host, as well as su<ceptibilit> to antagonism Ij products of the 
host’s metabolism 

The Relation of Chemical and AntiUclerial Aclivity In other Comtwunds 

It will be clear from tlio foregmng lint though in// in o i/rowp tf chcmiralK 
related compounds nctnit) and cliemicnl structure are <hi«et) connected no 
ready generaliiations in this respect about antibacterial substances are po««ine 
m the present state of our knowleslge There arc howeser certain noteworthj 
features which wideh different types of compounds wl ctl cr antiseptic or cl emo- 
therapeutic, have in common It ts beyond the scojvc of this Iwl to deal with 
them in detail Tjie student is rcfetrc«l to the paper by Albert (1912) wpon which 
we hate drawn in the following poragraphs 

We are not for the moment conrcrncil with antiwptics which ftct bvan inimMut" 
and extensile disruption of the of the luclrnal cell such a* »«• se*' irv 

the coagulatiic antiseptics, Apsrt from these ontiKscterwl suNisnrcs rar)jr« 
from the frank antiseptics that arc general protoplvmic poiwvnt lo the IicJH 
selcctiNo chemothenvi'cutic npciit« scith all prales of seleclniti of acUon in 
between 

The life of the celt depends on the smooth working togctler of franr aritems 
and any agent that interferes with tbw will lie an anti^-j tie F«nc«- all the enry rne* 
about which there is chemical jnfortnation base prose*! to I-' protrin,. it is not 
surj rising that agents affecting all proteins an normallv anti-w-jMcs Oxilmn- 
agents halogens an 1 formal Ichsde fsH into ths cstegt rs Tf'irn »!e of action 
on a protein is seldom under'too*! I ut this »s a general j r I fern of j rvtein chems^ry 
rather than sjycificalh the concern of I actenologv 4sent« t‘ at upet tl e r»Utioe« 
of Ijpins and proteins to one another will till the erll for it h to l e»e reUti*"-* 
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that the «trnctare of the interfaces generallj depends The hpoid solrents (chloro- 
form toluene etc ) fall into this category as do the phenols cresols and soap*, 
for althongh the«e can act as protein coagulants ther are generally anb^ejitic 
at higher dilations than are necessary fat coagulant action Of greater iniere*t 
are the selectire agents that are not classifiable in these general terms 

Crystal nolet a tnphenyhnethanc dye o-sed for the surface treatment of wound 
infections is bacteriostatic in low concentrations — an effect according to a number 
of ob'en ers which is dne to the poising of the Eh of the bacterial encironm^nt at a 
level too high for cell development (Dubos 1929 Ingraham 1933 Fildea 19406 
Hoffman and Rahn 1944 but see Steam 1930 for a contrary view) Inallheinan 
ner quinones are antibacterial and ledoi active There is however little evidence 
either in svnthctie quinonea or m natural quinones hie citnnin and pemcilhc 
acid (see below) that they owe their activity to interference with optimal ^ values 
for bacterial growth though Page and Robin«on (1943) found that the E • values 
of a «enes of quinones which were markedly active against Staph OiKut cla tered 
round a potential of about —003 lolL 

Antiliactcrial actinty in many compounds mav be interprele«l in terms of 
theu capacity to neutrahrc acidic or basic groups in the bacterial cell forming 
feebly loniied complexes («ee Steam and Steam l^’l) The anionic antiseptics 
hke «oap« and the acid dve« combine with basic groups. The kstiomc anti 
<epucs which include basic dyes like brilliant green or crvetal nolet the ammo- 
acndine antiseptics and the bgher aliphatic amines like cetyltruDethvlammoniBm 
bromide combine with acidic groups and since acidic groups preponderate in 
most bactena particularly in Gram pontive oTgini.nis it u to expected that 
the katiome antiseptics will be more active than amomc antiseptics and that 
Gram po<itive organisms will be more mdiJv killed than Gram nesrative , and 
this IS indeed the case 

Another aspect of the ddference m susceptibihty of Gram positive and Gram 
negative bactena was pomted out by Miller and his colleagues (1912) Proceeding 
from the fact that graimcidin and the amomc detergents acting onlv on Gram 
positive bactena were antagomied by certain pbo-phobpins thev sugfre-ted that 
Gram negative bactena owed their insusceptibility to the presence of such pho*pho- 
bpins. In support of this hvpothe*is they record experiments in which Bad colv 
was made susceptible to tyrothnem (a mixture of gramicidin and tyrocidin) by 
the addition of protamine sulphate a precipitant of phosphohpina. Thus a slightly 
inhibitory concentration of the protamme together with a non inhibitory concen 
trabon of tyrothnem completely inhibited the respiration of Bod colt 

In the mono-smmoacndine «enes of componnds antibacterial activity increases 
with basic strength up to a certain pomt but compounds with a basic Etren«dh 
greater than this are no stronger as antiseptics (\Ibert Rubbo and Goldacre 1941) 
It IS probable that the compounds of eitreroe basicity are too acbve to form 
non ionized neutralization componnds in the bactena. IVe have already noted 
Albert and Goldacre s view (1942) that b3«icitv and activity of the enlphonamides 
ate associated and it is of intcre*'t that in both renes of drugs tho<€ who^e 'tructure 
permits resonance and mdnebon of polarity tend to be the most active 

In addition to basicity «nr£ace activity may be a feature of a compound con 
tribubng to the bactencidal power of a katiomc antisepbc. Albert sngre'ts 
that the distincbon between the aendmes and the katiomc detergent sntisepbcs, 
the one group rnamly bacteno^tabc, the other bactenadal, mav possiblv he on 
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Two EolpboiKs. p<in«thrbu]plKnTlbenumidme {CH, SO,-C,H4-CfVH) VH,) *nd p- 
metij-l-ulphonylbenxjlamine (CH, \H,) have * nurked »n n/ro action 
againaV clostndia and Sir The fotjntr designated Y IS" has prored hehlv 

effcctire m the treatment of experimental pas gangrene of the pninea pig It is not 
antagonized to anv marktd extent bv bodj- flui^ The latter (Y 33o) a also effectiTB 
against pas gangrene m the gmnes p«g Lot B more readilr antagonized be the bedy 
fluids Neither sut»tanec is antagonized hv p^muM^ienzoie and , and both act eqnaBv 
well on normal and 5u]pbonamide<ie«istant ^ctena (Erans ft ol 1*^44] 

Propamidine Propamidine 4 4*^lMmi(lino-d<pheRoxs' propane first prored an efioe 

tire therapeutic agent for animal Uypanonomiasis (Lounc and Torle 1039) with a then 
peatic mdex of about 30 It is alio taclerMstatic in low ocmcentratioos. Sir pyoff^tj 
for example being inhibited in dflotions of 1 2 x 10*, and noodoxie fer lencocvtes in 
dilutions of 1 1 000, it has been used snceemfuSv in the local treatment of infectioRs 
of open wounds and burns (Thrower and Valentine 1043} of eonjonctintis doe to 
the Sforax Axenfeld baciUns (Valentine and Edwards, 1044) 

H IS noteworlhr that pfopamidine bears a atraetural resemhlanee to stilhene and 
that a nnmber of EtQbeoe denratirew hare a high bactencidal actintr F<x example 
deoxr dietbrl stilbmstnl (HO C^H^-QCiUj) C(C^t)-C*Hi) inhibits Sir pyo^'s m a 
ddution of 1 S X 10* (Brownlee Copp, Dnffinaiidl Tonhio 1043, see also FanUoxT 1043) 
Amlso-aerldlne Coraponads (Fbrtaes) 

The chum of the asuoo-aendine compounds to cbemotherapeatjc rank u at present 
not clear Their toacitr u «uch that ther are emtable onlr for applicatiOB to the sor&ce 
of infected tissues. The degree of tissue mtoxicatjon that justi^ nbauttmg infected 
tissues to the undoubted tn tire antlhacterul actira of the dni'^ is in dispute McIntosh 
and Selbie (1042, 10434) eoplojedpToSanoesncce&hillr in conjnnctioo with the cnlpbosa 
mides m the treatment of experuneotal gas gangrene For a full discuasiOD of tbe^ drugs 
from the cbemotherapeatic pcant of new, the reader is referred to the renew of Browning 
(1043) 


NATURAL ANTIBACTERIAL SUBSTANCES FROM 
MICPO-OPGA^ ISilS 

Since the early days of bacteriology and myeologv, the inhibition of growth 
of one micro-organism by the growth of another has been a fanuliar phenomenon, 
and Its posable agmficasce m the therapy of infechons diseases commented npoiL 
The application of therf natural bactcncidal or bacteno«tatic sab-tances to the 
fre^tmesl of mfectjoiis was nsnallr limited bj the Jow Iherapeobc index of the 
materials available , the doses tolerated by the atmnal were meffective against 
the infecting organism. In recent yean however, improvements lO methods of 
isolation, and a clearer nnderstandmg of the antibacterial effects, have led to the 
description of a large nnmber of antibacterial «abstances from bacteria and moulds, 
some of which are therapeutically active in eipeniaental infection, and one at 
least p eniriTlin, which is highly effecbie in the treatment of infective disease 
in the human subject. 

The reader is referred to the comprehensive reviews of Porter and Carter (195S) 
and of 'Waksman (1911) for a discnsaon of antagonisms between micro-organisms 
and of the earlier work on natural antibaetenal sub'tances, which is bevoBd the 
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Mopc of (hi? book We shall confine the divni^jon to a few i!lu«lratjvc cxamj<le«. 
arid note pome of the more recentlj <le«(nbe<l subitancc-*, with e«jv'cnl etnpluvMi 
on those that ha\e pro\cd thejt therapeutic ^alue 
Astjhactenal Snbstaoces Uom Bactena 

Pt pyocynnta was among the first Uctena to l« stuJ:(«<I from the jwint of 
\icw of Its cKboratton of anlibacleml sub«ta»CM Cultures of the orpamnn 
yield a number of them — p^ocjnnnse, first prep-iretl hr Emmench and I/jw 
( 1899), and Emmerich, Low and Koischun (1902) depends upon its content of 
fatty acids of In,-!! moleculor weight for its ortis its (Birch JlirschWd 1931, Ilcllehe 
1931) and allecls a large sariet} of Oram positive and Orsmnegatne bacilli 
including pathogenic coco, SnlmmeUa bioHi the diphtheria bacillus (Bagner 
1929, Kmmor 1935) and Br almtui (Kocholati 1912) p>oejanin, a respiratory 
pigment (“00 Ehnsniann 1931 and (.hapter 3) « h}droxy]>henazine and a colour 
liss compound lasing a strongh lytit action on 1 cholera (Schoentnl 1911) 
lodiiun, an antibacterial eub«toiM.c from Chtomo icafiniim is a K oxide of a bsdro- 
jilienaxinc, and is apparently specifically antagonized by naphlhmjujnone (3!cl)wain 

lom) 

Bacteriolytic enrymea of baclerwl origin were d'<cnl>ed by Mil/itano (1900, 
1903) XtcoUc (1907) isolated from D mUilts a lytie agent active again«t rahne 
suspensions of staphylococci pneumococci the anthrax phguc and phnders 
hacillt, and salmonell-o (SCO aUo Jobling ond IVter«i n 1911 Jelling I’ctervn and 
Fggstem 1915, Sartonus 1921 Much 192'>) 

The inhibitory actions of certam Incteria were not obvioudv doe lo seywralle 
cjiiymes Thus, certain etrains of Btift roll which mini itnj il e tn ritm and i» 
wro growth of other bacteria would act only if whole, hung cell* wer»* { ri**»nt. Jn 
culture, they overgrew andehmmsfwl&ihnoiic/Aiendilvscnterv bacilli Rtrrptocorci 
Mapiiy lococct, J? on/Aracisand C d«;AiAcn<r (Nl«sI<» 1930 I93-' 1933 Ound'l and 
Khevve 1932, Koch and Krilmer l‘*3i Bcsla and Kuhn 1931 Makow^kv E'30 llfjloh 
1937, Manet 1939) Tlie in vusi inhil ition is not nnrkcd For example (lundcl 
and Klicwe infected mice eubcutnneouslv with mixtures of flirt nJi an I a lethal 
dose of Ji anfhrans A number of the imn «urvi\ts.l and the survival time of 
tLo»e that died was iiicresscsl, as compand wjtl» mice rwrivmg the lethal di>*^ 
alone Other ohseners have reported the inhihition of C dtjhSm'r li lanoat 
streptococci Inhibition by the hve cultures was obwrvrd in the *«l>ruuneous 
tissue of the guinea pig (IJesta aud Kuhn 1931 Mcigmann and IfcUl I'tfy, IlCltl 
1911), and Duksconct (1939) reported on the euccessfuJ tre-vlment of throat earners 
of C dipAfAcnir by killed cultures of an inhilitory organi'in 

Two o/ the mosC rntcrretiffg dcieJopmwtf la tlw i*-A»Jiiw of arlj)*r‘en») 
substances wo owe to the work of Dolios The fir«t waa directesl to a specific 
end, the i-*obition of a baefenum who«e enzymes woulJ de*tnjv tie f^'vMcchxnJr 
substance ui the capsules of Type III pneutmicorcus. Tli» *a» 
by tasting large numbers of Usctcruil straias mte-tlv tpore-tc’snr? I ic 1 jcilh 
in a medium containing the jMlyKiectiandeas tbe «ote snune of carl* i \ tacilhs 
which grew m this iimlium was trainM to produce Urge aiui)Unt«< fa I’ol) ►aid »f>ic 
sjilitting enrvme, which in a punfiM form was »ub«c<jurnUv u»«^l *ii( » icr^ 
in the treatment of exjvnnwntal Tspe Ul jneumirocrus inKl, ti of tU r»t 
(SCO ITiaptcr 74) The enzvme seas rpecifie, an I affccie,! «rl\ Tyj» 111 
cocci Bubos extended this warrh lo baoUi w»*h a wvle rang- of «’‘i‘ »ct« .! 
action by serial eolwulttire of samj Ics of mmI id a Jneflinsi eontai-ing U’j- 
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of (load COCCI TLe medium fa\ oared the growth of the «oE hicillj mo't capable 
of ntilmiig the coccal protoplasm as a source of food, and, bv selection certam 
«pote-beaiing bacilli were finally obtained from which antibacterial substances 
could be isolated (Dubos 1*139) («ee a!«o Stokes and Woodward 1912) Similar 
bacilli were isolated from manure «ewage and cheese Workmg mainlv with one 
of them B Dubos and Hotchkiss (1911) obtained a muture of bactcnadal 

substance- tyrothnein, from which they separated two crystalline «ub tances, 
gramiadin and tvrocidin 

Tjro 1dm bad the following properties. Il was a pol^-peplide with a free basic >11, 
group a weaklj acidic or phenolic group, and contained trsytophan. tTiosine and dicarb 
oxjlic ammo-acids about one fifth of the amino-acid produced on hTdroli^is was com 
posed of <f-amino acids. The molecular weight was m the region of 2,a<Xl II was bacten 
cidal an cilro for Gram positive and Gram negatire organisms, but was aLo markedly 
tone for animal tissues and leucocytes Incung much of tU antibacterial actintj when 
m contact with them It appctired to act as a general protoplasmic poison, ('tee also 
Downs 1943) 

Cnmlcidm was aL-o a polypeptide, bat with no free acid or basic group*, about half 
the amino-aods being of the el form The molcctilar weight was about 1 4ft> Gramicuhn 
killed onli Gram positive organisms in rttro It proleclcd mice against infections Lr 
pneumococci streptococci and staphylococci, one ^g of the robstance for example 
was effective when mtected intrapentoneaUr along with 10000 lethal doiea of pneumo. 
cocci. Though highly tone when ptwi bi the parenteral route the curative dote was 
well below the dose tolerated hv the antt&al. 

The high content of the onnatural d.amino>arids m both auhstanccs sng<*ested 
that their peculiar properties might ui part be dependent on these bodies. T^iwxlui 
on the whole bebav^ Ukc an antiwptic, gramictdio acted in a more specific manner 
like the Bulphonsmidos (Hotchkias and Pabos 1940 Dubos and llotchkua 1941 Hotchkiss 
1941 Lipmano, Hotchkiss and Dubos l9tl Dubos, Hotchkiss and Cohom 1912) (See 
also Tishler ti al 1941 ) It is noteworthv that Fox Fhng sod DoUenliack (1044) fonnd 
that d leuonc inhibited the growth of L onj&inonM an organism for which I lennne u 
an essential notn«it, and suegested that the J isomer might act I v intcrfenng with the 
uptake of the I isomer (cf the antagnfu.m of ji-amiudbcnioic acid and sulphanilamt le ) 

As the result of a sladr of the products of acid hvdrolvsis, Gordon. 3Urtin and ''imge 
(1943) conclude that the structural unit of gramtcidm « a cvclopcptide made up of 24 
amjno-acid residues • — 6 d Icncine, 6 I trrptopban 5 dl valine 3 I aLtuine, 2 glvcine and 
2 unknown hvdrosyamino compouncLw Tvrocidin they found to contain eight different 
ammo-acids of which phenylalanine was to the if form, the rest being manilv in the bfeem. 
(See also Chnstensen 1943 1 944 and Svnge 1944 ) 

Gramicidin is bsmolvtic, and lowers surfaee tension, though detraction of its anti 
bacterial activity by heat does not alter the surface activity (HeOm.vn and HerreQ 1941a b) 
Tyioadm li'ses both red cells and leucocytes and both anbstances are toxic when mjected 
info animal tissues Administered by moathtodc^and mice neitheris toiicand neither 
has any effect on infections (Rammclksmp and Ileinitcm 1942 Itobmson and llohtor 
1942) For soecessful therapy, gramiadin and tvrocidin most be brought mto immediate 
contact with the Infectmg Iwctena, Tbos oral, subentaneous or intravenous admmis 
tration has no effect on mtrapentoneaBy infected mice, and mice infected svstemically 
are not protected by intrapentoneal administratioa (Pobmson and Gracssle 1942) Serial 
subculture in Icfw, but increasing concmtiatvcai of gramicidin induced resistance in a 
sosceptibk stram of SltifJi aureus and the derelopmept of resistance was accompanied 
by the production of colony variants (Phillips and paroes 191^) The antilactenal 
activity of gratmcidm is destroyed bv gentle hydrolysis m dilate alkali msufSaent to 
destroy lU polypeptide structure. 
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The substances arc nevertheless of great interest apart from ihett poaible use 
in thempj Tho«e with a selective action on ^rtam bacterial species are useful 
for incorporation into culture media for suppressing the growth of unwanted 
bacteria («ee Chapter 12) the properties of some of them afford an explanation 
of microbial antagonisms ob ened in nature, and, where their constitution is 
known many of the subatances are valuable in relatmg antibacterial activity to 
molecular structure or as reagents for exploring the metabolism of the organisms 
upon which they act It is noteworthy that nio«t of the ‘nhstances with a high 
therapeutic mdei act predommantlv or exclusively upon Gram positive bacteria, 
with the exception of streptothncin Those acting on both Gram positive and 
Gram negative bacteria appear, bke the antiseptics, to be general protoplasmic 
poisons. None is predominantly or exclusively active against Gram necative 
bacteria 

Numencal tuea'mtemeuta of antibacterial powers, and of toxicity to animal 
tisanes afford only a crude means of comparing the vanous sub.t3nc«. \part 
from the varying entena of a given type of activity, the measures are dependent 
on the degree of purity of often uodefined sobstances, the strains of bacteria tested 
the type of culture medium, and the amtnal or type of animal tissue employed. 
It may, however be said that most of the substances are baetenostatic in con 
ccntrations lower than 1 5,000, and many are bactencidal lo higher concen 

trations 

For a general compa^^o^ of a number of the>e <ubstanres, with a number of 
antiseptics, see Mak man aii<l MoodnifT (1912) 

AeUflOniyeetIo The bacteriolytic sabstance produced bv sporulating cultures of a 
Streptothnx bLe mould {ieimamyrti oJbui) has already been iscnbOD^ (Gratia and 
Dath 1924) Welch (1936 1937, 193S 1939, 1940 Welch and Elford 1<»37) has studied 
the IfSin, to which bo gave the name aclinomycetin in some detail It appeared to be 
a proteolrtic eniyme and was uiactirated bv beating to 54*-69* C by ultra-violet radia 
tton and bv strong ands. (t induced bactenolreis over a wide range of pH, with an 
optimum at pH 7 5 to 8 5. Lyeu appears to depend on at least two factors, a lethal 
substance whiA hills the Vfflrtcna. and a bactcnotyVic eroymenthet&omthe AtliatwiycM 
or from the bactena themsclces (see also Wetsch 1912) 

AeUsomycln A and B. Theee substances were isolated from ciillures> of Jcfiaomyces 
anlibwlictis a soil organism, by At aksman and ttoodmff (19IOn d 1941) Staphylococci 
and streptococci aro inhibited in dilutions of over 1 S 5 x 10*, and Salmonella bacilb 
m I 25 000 

Actujomyem A is a walcr-solublr. red pigment, with a molecular weight of about 
600 and appears to be a polvcycbc nitrogMi compound having a Tevetable redox avstem 
of the qnmone type (Atalsman and Tlshler 1942) It is both bactencidal and bacteno- 
static mlubitiag Gram pasitiro cnpsmsazs ut a dilation oF 2 JO*, and Grxja 
organisms at dilations of 1 5 000 to 1 10* It is active against aerobic and anaerobic 
bacteria and agamst certain fungi. Actinomycis A is biizhly toxic to animals. Doses, 
either oral or parenteral of 1 mgm per kflaeram body weight are lethal for mice, rats 
and rabbits the animals dving m 13-20 boors with respiratory CaDnre Post mortem 
there are gross pathological changes m liver, kidney and spleen Snblethal doses have 
no protective effect m mice infected with Sir pyogmea or Type I pneumococci (Robinson 
and Walsman 1942) Aetmomvcui A inhibits Sbnnolysis by Str pyogenes the pro- 
duction of co^nlase bv Slaph aureus bnt does not affect cither tetanus or diphtheria 
toxm (Neter 1942 1943) or staphylococcal toxm (Blair and Hallman 1943) 

Actmomycm B is a water insoluble substance It is markedly bactencidal, bnt not 
bactenosUtic and is highly toxic to animah. 
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In expenmental streptococcal and stiphylococcal infections its chief effect was to 
prolong sum\al time but not to present death (Chain Florej Jennings and ^tTUwms 
1D43) 

Penatin (Motalln) Pcnatin as uell as paucillui is produced in culfurea of/’ nola 
turn An acid medium favours the production of penatin which can be delected by using 
Dad colt (which is insusceptible to pcmnllin) as the indicator organism m titrations of 
bacteriostatic power Pcnatmisarelativelvstalle water-soluble substance active against 
Gram positive and Gram negative bacteria in dilntirms of 1 12 5 X 10* to 1 2o0 X 10* 
Serum docs not interfere with its action It is active only m the presence of glucose 
which it decomposes with the production of In animals it is nicderately tone 

»ithIocalresctionsatthesiteofin]ection(KochoIatvl042 1043^ i) The same substance 
was described b} Coulthard and his colleagues (1*142) under the name of notatm. It is 
a glucose acrodehydrogena«c with the properties of a flavoprotem The presence of 
oxigen and glucose and the absence of a catalase are necessary for its antibacterial 
activitv which is mainlv due to the IltO^ produced m these cimimstances (Birhiushaw 
and Haistnck 1043) A similar substaoce PonictUm B was extracted from cultures of 
P nohrtum bj Roberts and Kis colleagues (1tM3) Like notatm, it was a flavoprotein, 
producing IttO, from glucose I ut unlike notatm the glucose could be replaced by xylose 
marmosc or galactose (van Bruggen cf al ltM3) It is noteworthy that a milk flavoprotem 
has been described whose antibactenat act on also depends on its power to ptoducc H,Oj 
from the medium containing the bacteria (Green and PatiL 1043) 

PenleldlD Pcnicidin is a irlatirelv stable diffus tie substance found m a number 
ofpcninllis bactericidal for £a/m typAiatl lOOCOO Among the peiuciUia so fsr tested 
there appears to be a negative aasociation between the capacity to produce pemeidm 
and pciuciUin like substances. Pemcidm activity unlike that of penatin is not sup- 
press^ tinder anaerobic conditions but it is suppressed by — SH rompounds (Atkinson 
1042 1043b Atkinson aud Stanley IMS) 

PeDlelllie Acid A chemically defined water scdublc aliphatic keto acid from Pen eii 
li im cjclopmn In the au mal bodv it has about the aame toxicity as phenol but has 
about 100 times as good an ant bsctenal action on Siaph ourens and Bad eoli and it 
mav thwefore prove to b«* cbemotbcrspeuticaDy useful (Oxford Raistnek and Smith 
194'’ Oxford ld42a) Fcnicilhc acid and certain bactenostabc quinones (see spinukem 
bebw\ arc antagonized bv peptone and certain amino acids aa the result of combination 
between the antibacterial agent and tbe antagonuer (Oxford 1942c} 

Feolclllui A water soluble sub'tinre from F notal im active mainlv against Cram 
positive bactenii (sec below) 

ProacUnomyclu A chemically uodeflned relatirelr stable substance from a Pro- 
aclijtomycu Bacteriostatic titrcs range from I 1 5 x 10* for pneumococci 1 5 x 10* 
for Staph oamie and Sir pyogenes to 1 2 x 10* for Gram negative intestinal baciHi 
It IS more toxic than pemcillin to leucocytes (Gardner and Qiain 1942) 

Splnulosio. A substance isolated from PencJlititt spnilotum by Birkinshaw and 
PaistfKk {193}} Jt M a Die ftaaiffaiMi diSenag izvsi it la possess 

mg an additional hydroxy group m the 6 pcsttion It has the molecular structure 
3 6'dihydroxy'4 methoxy 2 5 toluquinone It u weaklv antibacterial, and u chiefly 
of interest m comparison with fumigatin. since the additional hydroxy group is associated 
with a marked decrease in antibacterial activity (Oxford and Raistnek 1942) A study 
of a number of toluqmnones and benzoijuinonee revealed that the introduction of the 
methoxy group OCHj into tbe qumone often resulted in an increase or of the hydroxy 
group in a decrease in activity Tbe aabsbtntion of the methoxv bv hydroxy m an 
actiie compoimd also decreased ita activity (Oxford 1942b) 

Streptomycin A cbermcally undefined water *<dnble substance from an unidentified 
species of Ac/inomyces apparently related to etreptothncin- Like streptothnem it acts 
on Gram negative and Gram positive hortena ^thatx. Bugle and Wakaman 1944) 
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or bv tbe addition to the medium of traws tF zinc, which, bj catiljsmg the eorapScte 
omdation of the deactioee prevoita the kConnntfatKO of gfncoruc acid, a pr^nrt of in«nn 
plete oxidation of the dextrose (Teeter ^foodmff and dIcDamel 1&43) P rUalant 
throws Tamnts dunng its growth in stock enhtuea. and it u e^enUal to tnatniam » master 
culture of hich penicfllm producing capaaty In fluid cultures, P ndalun grows u 
a felt on the Eurfate of the medium, with consequent limitations m tbe e x pcs ui e of tl» 
growmg mould to air and to the outnents in the fluid. Clifton (1^3) mtioduced a method 
resembling that used in the commercial procesa for the npid juoduetioa of rmegar, m 
which the culture is kept contmuouslj tn^ling orer wood shaTinga packed m an aerated 
columnar contamer Improved methods of Incuonaticn. including chroaatcgraphic 
method? have also improved the neld from trade nihuie filtrates ( \brahaa, rh-am and 
Hobdav 1942) 

Bactanolc^cal Aspects Fleming s ongmal ob^rmhons on the range of m 
n/roactmtj-ofpeniciUmhaTebeen amplp confirmed. SlapJi aureus, Sir ptfogenes 
^ meningUtdis and A art} one, the gas-gangrene clostndia and Jdiro fom 
are among the ino«t ensceptihle pnenmococa and Sir nndanj a little le^ so 
If we take the amount of pemcitUn required to inhibit a certain ncmbei of «us 
ceptible Slap\ ourcua as umtr, the inhibiting dose for the«e other bacteria lies 
between O-Sa and 4 C dtpAJ^ena la tlightly less susceptible the dose being 
from 10-30 for Sir Jatalu Sa\m entmtidis and Br abortus and mdtUnsis, it ts 
from 30-100 , for Proteus rulgans, Sh shtga. Part, pertis, 150-500 , for Bad edi, 
aeroyencjand fneilandm, 1 000-16 OOO, andfbr J/yco fulereulons, Ps pyoeyanea, 
L. tetenhemorrhayxa, T ehoterce EamopkHus, reasts and moulds, the inhibitug 
do«e is of this order, or higher (Bornstem 1910, Abraham (t ol 1911, Florey and 
JezuuDgslSiS Hobbr, Meyer and CbaSee 1912<i McKee asdlUIe 1912^, McKee, 
Hamre and Bake 1913 McKee, IUk*e and Menze] 1911 Helmholz and Sssg 1914) 
Ery monoeyfogenes (LuterrUa) resists doses of 40 (Toler Ep^em and Lee l‘>14j 
The*e figures are for the most part determined for a few strains only, and as misht 
be expected tbe mhibiUag dose ranes &om strain to strain m a «peaes. Urns, 
It may Tarv op to 25-foId for pneumococci, and up to ICO-fold for Staph, aureus 

Bacteria mar be trained to grow- m graduaDr inmasms njucentretiwa of penicOIin 
Bi tlu? method tbe resistance offCapk aHmwmavbemCTeaseduptoal CGO-fold (Abnhaai 
d oL 1941) Bammelkamp and hUxoo (1942) reported a 04-foId moease m strains 
habituated to pemcSlin in ntn> and up to a lOO-fold moease m strains fiom four of 
fourteen patienU treated with pemcillm (see also McEee and Houck 1943) P fniriTlin 
resisUnt pneumococci have been induced «h eieo ly pissase throush pemeiEm treated 
mice Tbe resulting strains were lesisTaot la rtTro, and remained so after 30 passasre^ 
throo''h normal mice (Sdicudt Seder 1913) Bj a-Tnil^r means. Hake and h» col 
leagues (Rake d al 1*^) induced reastanre m Slaj^ asms and pneumococci. It should 
be noted that resistance induced is nroueot neccsarilv doe to anmeteased insusceptibility 
to pemallin. fer Bake and his coQeagues found that tme stiam of SiOj^ enrma, when 
pased through pemriTIm treated mice, gamed in mouse- virulence but its la rdro resistance 
ns ondianged , the strain h«d dearlv adapted lUelf to the antihactenal aettem of the 
mouse tissues, but not to the antibacterial action of pwucilLit. 

Soluttons of penidUm exposed to am rapidJr lose tbor potenev owing to contaminattcei 
br bacteria, micrococci, «r»,l bacilh of various kinds that elaborate «iryimc snl«tasces 
deatrovmg the pemdilm. Abraham and Cham (1910) described a pcmciHinase m Bad. 
coil and a gimtlar substance has been described in paracolon baalli (Harper 1943) in 
certam naturallv insensitive strains of S^ajA a«mu (Kirby 1944) and la £ nU3» 
(Urgar 1944 Duthm 1944). These ciaymic substances are found m filtrates cultures 
and extracts of tbe bacteria. Thev are rrfativdy stable Tbeir relation to the structum 
of perudllin and (jfpemdlLnlike substanoesHDOtyet known. At present, their mtereet 
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Fig **3 Til? *»>av of pfoifin n !ir the plate mrthml 
W ith fail ncconeentrat n^of p<^ r )) nin tbeeups,lheznneofinh I i navf StajA eurrut 

M pcTiCTf*» rHr lc»a. 

(Troin a UoAIr It pf 'C C Um Iry) 

or b> theab!cnc« of aoroe chuacterutic pvwth pmloHof the te«t organism, for example 
the absence of b*fflo1y*in of deleetaUe in rlide-trUs (^'fight Colebrook 

and Storrr or in coltorc media (lULe and Awm IMS UQson 19^) eontauuni; 
red blood cellj or the aWnco of ac d prodoction in a medium cootainine an indicator 
and a carbohrdrate fermented t p the te«t bactenom fFlemuu; IM2) ^tnina of epeeies 
other than StajA jureve are euitable for asMi Hammelhamp (104') for example 
emploTcd a highlr aeositire atrain of Sir pyo^mee for the mraxurement of Iot eoncen 
trations of penicillin ui email quant tiea of doid abo Lochbead and Timonin 1043 ) 

Laboratory Use of FenidUm The eelectne action of pemdllin in nfro has 
been fimitfully employed in denying ^elective medu for violating re idant orgam.euis 
from mistum. Following Fleming » on'nnal observations on this aspMit of 
penicillin (Fleming 19'’9) we may note its use for isolation of H ittfurnup and 
other hiemopbilic bactena (Fleming and Alaclean ]''30 Fleming ISS"* Schoentoch 
and Seidman 1942) H pert mis Bnxbanm and Fiegob 1913 

Cmichsbank 1944) ami the acne banllos (Craddoch lat"*) 

Mode of Action and ConstitnboiL Little is loiown of the mode of action of 
penicillin on bacteria It is bacteriostatic in low concentrations and appears 
to be bactencidal in hi^h concentrations In low concentrations its action is 
rdatnely'slowfFlenimgl929 Heilman and Herreli 1942) Incompletelvmhibitory 
concentrations bacterial respiration may continue for «oroe honr< and some 
bactena survive for 24 hours or longer (Abraham d al 1941) The rate of kiDing 
depends to some extent on the luctenum employed and for any one 'train is 
relatively constant until -some 99 per cent, of the bactena are dead after which 
the numbers of survivors mar remain constant or even increase 'lightly Anti 
bacterial activity is marked at 37* C slight at 18* C ab'ent at 4’ C The rate 
increases with diminishing inocnlum and with mcreasing concentrations of pern 
cillin though only to a certain pomt beyond which the rate does not increase 
M ithin the Iinuts of experimental error no utilization of penicillin is detectable 
{Hobby, Meyer and Chaffee 19426) Hongh a bacterial strain maybe trained to 
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lytic enzyme that is released from pemciUin inhibited cells. Smith and Hay 
ob^erred that swelhng and lysis arerc associated with actne growth «ince fully 
grown suspensions showed neither effect Hantz and Kirby suggest that staphylo- 
cocci must divide if pemcillm is to be effective a «ugge3tion aL>o made by Rammel 
Lamp and Keefer (I9i3£} to explain the prolonged suiaaval of a few bactem m 
cultures exposed to inhibitory concentrations of penicillin Bigger con 

eluded from a study of the death rate of large inocuU of Stajih aureus in peniciUin 
broth that growing otgamsms were killed even by low concentrations of the dru" 
\ few COCCI however surviied prolonged exposure to penicillin but on remoaal 
to penicillin free broth grew freely and in this state proved to bo fully susceptible 
to the lethal action of penicill n Bigger suggests that penicillin is bactencidal 
only for growing organisms on organisms m the lag pha«e of growth it may 
have a purely bacteriostatic action which by preventing growth tenders the 
organisms insusceptible to the lethal effect of the drug 

In the absence of more exfen«i\e data it is unprofitable to speculate on the 
mode of action of penicillin m nlro If it is generally confirmed that only dinding 
bacteria are lusceptible it is possible that peniciUin may act directly on an essential 
part of tbo mechanism of fission but it is equally possible that it interferes with 
the metabolism of a substance essential for fi»non but one of which tbe bactenum 
possesses a reserve the reserve not being nsed up until tl e bactenum has multiphed 
for a few generations 

Little work has been made pubhe on tbe constitution of peniciUin. The earlier 
Mporta <Abraham Cham and Hobday 1942 Catch ft ol 1942 Meyer et al 1912) 
deal with the analysis of impure preparahona ^lore recently two breakdown 
products of highly actne preparations have been described peruciUarmne an 
amino-acid accounting for over half the total nitrogen of penicilhn (Abraham 
et al 1913} and peniUic acid produced on acid inactivation of penicillin (DulBn 
and Smith 1913) Meyer Hobby and Dawson (1943) have prepared methyl 
ethyl and N butyl esters of peniciUin m tbe hope of obtaining' products more 
stable and leas rapidly excreted than pemciOin The enters were 1 ss active than 
penicillin in latro but were active m eipenmental streptococcal infection m mice 
both by the subcutaneous and oral routes They were more toxic than pemeiUin 
and presumably owed theu activity to hydrolysis lu the animal body -with bbera 
tioQ of peniciUin 

Action in the Animal Body The toxicity of penicdJm m therapeutic concen 
trations appears to be due to imparities once it vanes inversely as the number 
of arbitrary units per milligram of preparation (Robinson 1913 Hamreetal 1913) 
(«ec also Hobby et al 19i‘’c Hexrell and Heilman 1943) The mode of adminis 
tration to man and animals, and the absorption distnbution and excretion have 
been studied in «ome detail FeniciUin is ineffective by mouth and per rectum 
it 13 inactivated by the acid of the gastnc juice and bj the bacteria of the rectal 
contents. Given parenterally it is rapidly excreted and a variable amount «ome- 
times up to 75 per cent, is found in the unue. It is not cleat whether the remainder 
IS destroyed in the body Pcmcilhn does not pass easily between tbe blood stream 
and serons cavnties and for treating infections of the memnge* pleural canty 
peritoneum and joint's it must be introduced directly (Fleming 1943 Florev and 
Florey 1943 Pilcher and Meacham 1943) 

Like that of sulphonamide'' the therapeutic action of penicillin is apparently 
purely antibacterial serving to increase the efficacy of the natural defence mechan 
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um.< ot tk- toly ky inh.lntms tkr CT..«h ot tit .nftcl.ns orrmirat. In ?tntn>I, 
oxttplwltn tho Ittion, r^intrO lytlt .nt-clms otpnt.™ art .nac«s»ll. 
to th« pcmcUm introdnctj, tht .a r,™ potmcv ot i-nrikn paraM- the la n ra 
aatenet Tie fir-t ejaenmeatal lafectior. niree,.rolly trealrf .,th pemcnim 
of face inreeteJ ,atn.l.enl<.aeall, »lth S,r rj^nr, aa.l StjlL oarm-, ami 
,„tr.mu.eaUtlj tr.tk Cl teytto.. (fhatn rt «I 1910) It wa. later rloaa to ^ 
elTerl.te in mice inrecte.! mill ainileat pnMTtioemxi I oily rt a! I9M .uh 
\ ,a,aiao.l«lu(I)a™rtaI 1911) ..th Cl «aM'i (Velato-l anl Mb, e lOllr, 
VcKee Harare and IlaVe inu Ilae and IloWrt 1913 1911) , an 1 .ill, HlapJ 
a {ro«eIl an! Jara,e.an 19121) Hal, awn (1913) «a. analV to demon.tnte 
LyacI,oI,onm.ce,nrceled.,th «!a. (alerrolo... rryraaaaaaa epayerdaa. or 

tX'matlon f 1 el ai aiKI le an tl e . (Tect at ,en,e,Il.n on a ira, rahl, o^ 
The ciadenee «> lit alta,„e,l aae-e-t, that rao-t a.m-ea are taanaeep.rlle, b.l 
n.at taro a ,rm.ea beloasras to the l)aa| henrraaol ra, fron,, (eee (la, -er fa) name Ir 
™„.e pnen,non,a a.ra.. an 1 lie laan, h. srannlara, a.ma „e.lf ea, a„„„ p„.,|,, 
cxcfptiorn to thu rule 
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CHAPTER 7 

THE A^’TIGEV 4MTB0DT REACTIOJTS 

Thz pioblems of infection and Tesistance — tte nature of tbe meclsamsms whicb 
determine the coarse of events when a potentmtly pathogenic parasite gams acces 
to an animal host — will be disca^scd in later chapters 

\ ery early m the development of this field of research investigators began to 
study the reactions which occur when blood, blood semm, or other body flnids 
are allowed to react m the test-lnbc with bacteria or with bacterial prodnets 
Almost from the first the study of the<« reactions was pursued 1^ many woiken 
without particolar reference to the role, if any, which they played m the combat 
between parasite and host and it soon became clear that thev provided a new 
technique, which could be applied to a vanetr of biologwal problems quite apart 
from the study of disease 

The development of our knowledge of the various reactions which mar oceui 
when, the blood or seram of a green animal is mixed with various bacteria, bacterial 
products foreign cells or foreign proteins, may be bnefiv tummanzed as follows 
In 18S8 huttall demoostrated that the defibnnated Hood of certain animals 
had the power of killing certain ba^tena. Bochser (I839o, h, c) showed that this 
bactericidal power was possessed by tbe cell free Kcrom, and that it was lost when 
the eetom was heated to 55’ 0 for I bone 

In IS90 von Behnng and Eitasato showed that the <cnun of animals which had 
received repeated injections of non lethal doses of tetanns toxin, or of diphtheria 
term, had acquired the property of specifically seotialixing these toxms, and thus 
preventing their poisonous eSect 

Between 1893 and 1893 Pfeiffer (see also Keiffer and Issaeff 1694) recorded the 
occurrence of bacteriolysis, or grannlar degeneration followed by partial dissolntion, 
in cholera \nbno3 and some other bacteria when these were introduced into tbe 
peritoneal cavity of guinea pigs which had previously received inoculations of killed 
cultures of the particular bacteria in qoeation. They showed, also, that the 
substances which detenmned this bactenoljns were present in the blood serum, 
and in other body fimds 

In 1893 Bordet published his classical paper on tbe properties of the sera of 
jmnnimzed animals may note here that although the idea of increased 

resistance to infection was impbcit m the eazlv concephon of the process of im 
BMuuzation this term soon came to possess a wider meaning Anv animal, into 
whose tissues has been introduced any antigenic foreign substance dead or bving 
and whose semm has in consequence, gamed the property of reacting m «ome way 
with that particular snhstance, is epoken of as having been immanued against it , 
and such s senizn is referred to as an immune or an anlisrrum Bordet, 

extending the observations of Bnchnei, showed that two different substances are 
19S 
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involved In 1903 Wright and DaagUs, in an extensive senes of eipenments, 
demonstrated that this action of normal Eertun ^as due to a thermolahnc substance 
which acted directlj upon the bacteria and not upon the lencocj’tes. To this 
substance they ga\e the name of opsonin JTeufeld and Rimpau (1904 1905) 
demonstrated the presence of thermostable snbstances m the blood serum of 
ammals immunized against streptococci and poeumococci which acted specihcally 
on these bactena m such a way as to increase the degree to which they were 
ingested by phagocytic cells To these sobstauccs they gave the name of focfeno- 
Uoyn.i\i 

Thus, in the eaibest years of the present century, we had at our disposal a con 
siderable body of facts with regard to the action of the sera of normal and of im 
munized ammals on bactena, foreign cells and foreign proteins Little indeed has 
been added durmg the intervening years, to onr knowledge of what may happen 
when a normal or immune scmm is mixed tn ttfro with the material against wluch 
it 13 active Investigators during this period have been mainly engaged in trying 
to discover how these reactions are brought about On this aspect of the problem 
a mass of information has been collected , and although the correlation of the 
ascertamed facts has been a difficult matter, and onr understandmg of the under 
lying mechanism of the serum reactions is still far from complete, we seem during 
the last two decades to ha\ e made appreciable progress toward an orderly arrange- 
ment of cMdencc and a generalization of theory, which has resulted m a clearer 
conception of the processes intolied 

Termioology— With the gradual development of oor knowledge of the serum 
reactions new names baie ^en invented to describe the phenomena observed 
and to designate the aabstaoces which are assumed to be the essential reagents 
As m other terminologies which have grown naturally and bare never yet been 
systematized, the terms employed are often lU-deSned, and there is much over 
lapping There has indeed been a riotous creation of hypothetical entities in the 
discussion of the available data, and this redundant growth is responsible for many 
of the obstacles encountered by the student m mastering the facts of a subject, 
which m Its mam outlines is not intnnsically difficult. It is however, qmte impos 
sible to dispense with the use of some kind of scientific shorthand and it is therefore 
necessary to gam an adequate acquaintance with the terms in common use, and 
especially to realize their hmitations 

It is usual to refer to the substances which make tbeir appearance in the blood 
serum, in response to tbe moculation of foreign substances of various kmds, and 
which react with these substances, vtinf or in nro, in some observable way, as 
antibodies The foreign substances which, on inoculation into the tissues, stimulate 
the formation of these antibodies, are referred to as anhgens These two terms 
may be defined as follows 

ix^n A^•TIGE^ ts any substance trAuA, when introduced jarenterally into the animal 
tissues, stimufatci the production of an antibody, and icAtcA, when mixed icitA Oiat 
antibody, reacts speqfically with tt in some observable way 

ANTIBODY ts any substance irAicA males its appearance in the blood serum 
or body fluids of an amTndl,inresj><mse to the stimulus provided by the vilroduelton 
of an antiyen into the tissues, and reacts specifcaUy with that antigen in some 
^senoble way 

The mtroduction of the antigen into the tissues is usually made by the parenteral 
route, amce the antigen must reach tbe tissues in an unaltered state. Antigens 
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recent years thev arc now rarely emplored It is nsnallr better, for reasons that 
are discnsrfd in later sectjons of thi» chapter to rclr on the term atftu^n alkrwing 
the context to mahe clear which paiticalar anti 5 :en or antigenic coinj«ncnt w 
indicated. 

These general niles of nomenclature Bare certain exceptions. ‘When the 
antigen itself possesses «ome well marled biological activrtr, which is n^ctralired 
by the antibody the antibodc is named br adding the prefix oali to tie name 
of the antigen Thns the antibody which neutralizes a toxin is called an cr/i 
/ftnn the antibody which nentrahies snake-venom is called antirwHn, and «o 
on In many cases descriptive tenra have been retained for the df-^gnstion of 
antibodies instead of coming new names and this practice has much to recommend 
It in tie present state of our ignorance 

It will be observed that the thermolahile sub^lance which is present in nonaal 
sernm and which appears to be tie active agent m bringing about the Ipis of 
sensitized cells and the death of sensitized bactena demands a separate name 
This snb'tance is not an antibodr, Eince it is not increased in amonnt as tie result 
of immunization and it must for the moment be regarded as in a flags iv itself 
Its original name of alexine has become verv generally replaced by lie name com 
plemznt which was introdneed £hilich It mar be defined as follows. 
V''^uPLE«E\T (or aLEXTVE} ts a thfmola’iile rjitfiance, or eontfJez of nlf'aneeg 
pre«efi/ in reryinj «mcenfra/KWic in lit Uood scrum of tnotl noma! anmaU vhtch 
fas Oe property of innyiny oLoul tfe lyn# of certain crJIf and («Jrtma in cofijunciton 
ici/A certain ontifodie* tcAicA render the tells or boetena seiuttm to Ut edwn 

This definition u incomplete for it beg* the qeestion as to whether complement, 
acting by itself produces aav «igni£cant reaction whatever It desezibea, 
however with sufficient accuracy, the part which complement plavs in the j«ar* 
ticular reactions with which we are concerned. 

Theories of the Mechanism of the Seram Beaefaons 

Before entering on a det^ed discnsaion of the vanons *eram reactions, it is 
well to have a general ides of the theories which have been proponsded to accoimt 
for the phenomena observed 

One ihcoTT, which has plaved a proioinent part in unmnnological stndie*, was 
proponnded bv Ehrlich (lES** 1900) It has been developed and modified with 
extreme msenaitr by himself and bv his coUeagnea to meet tie demands made 
open It by the contnmons accomnlatum of new and often di s concer ti ng facts, 
which had to be fitted into a stractnre giowmg more and more complex, and 
obvionJy becoming a little strained, as one new hvpothesis after anoth*- was 
added to the central conception. 

According to this adovhain tbeorv we should regard tie cell as being 
bn3t up of hmhly complex chermcal agsregates, with attached groupings, er 
side chins, the normal fnnctioa of which is to anchor nntn^nt substances to th» 
cell, and in «ome ca«e3 to act opon and modify them, as a preliminary to their 
incorporation into the essential cell rabrtaiKe The«a s*de-ciains or reeeplort, 
thus form the promt of contact between the edl *nbstance and anv other materials 
which gam access to the fluids in which the cell is bathed. It is onlv by gaining 
attachment to these receptors that rahstances of the class to which antigens belong 
ran exert any action on the cell, and so stimolate it to activity In Ehdicha 
new the antigens, whatever their nature attach tiemselve* to these cell receptors. 
Smee the antigens are in all ca««s forosn eolxtances, which hare no part" m tie 
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or precipitation, Ehrbcli postulated the ezisteoce of another groopmg in the 
receptor, wbch determined the partienlar change in the condition of the antigen 
after the antibody was anchored by its haptophore gronp This second, active 
group was named by Ehrlich the eiyopAore ffroup In certain cases, which we 
discuss more fuDy below, it became necessary to postnlate the existence of receptos 
which, while themselves inactive, served to unite an antigen to a second active 
substance the complement or alexine to which we have lefetred above. To meet 
thia case Ehrlich postnlated the 
existence of receptors with two 
haptophore groups, one of which 
became attached to the antigen to 
be acted upon, and one to the 
complement which was the acting 
substance Botb these groaps 
were to be regarded as stnctlv 
specific in their chemical affini 
ti« The one which combmed 
with the cell or other antigen to 
be acted npon was Imown as the 
ey'opfiilie yrtwp, the one which 
combined with the complement 
was referred to as the eompU- 
tnentophilie group Ehihchnaroed 
this type of receptor an ambocep- 
tor, berouse both groups were 
supposed to be of the haptophore 
tvpe He also teferr^ lhe«e 
three types of receptors to three 
ordtis, the first having a single 
haptophore group, the second one 
haptophore and one ergophore 
group, and the thud two hapto- 
pbore groups 

Elg 31 gives a diagrammatic 
representation of Ehrlich’s general 
conception 

Ehriich regarded these receptors as definite chemical entities which entered 
mto firm union with antigens, or with complement, by linkage ol the corresponding 
haptophore groups, AVhen it was found that such antigens as the toxins could 
be so treated as to lo^ then toxicity without losing their power of comhmmg with 
antitoxin, he assumed that the toxophore group had been altered or destroyea, 
while the haptophore group remained intact Similarly he postulated the ematence 
of a modifi^ complement, in which au intact haptophore group was associated 
with an ergophore group which had lost its functiomag power It will be realixed 
that such a tbeoiy lent itself readfiy to sebemabe repwsentation of tbe various 
reacting substance* and their assumed modifications, and that there was a natural 
tendency to elaborate the turned structure, and vary the functional activity of 
the vanons groups, to account for new phenomena not readfly explicable by the 
unmodified hypothesis This is in fact what happened. 
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1 Reeeptoroflrtofdefwithitslistrtopb'iWgwop* 
" ReceptorolSad order witiitsMprtophoregiirtp 
A and its erpipbore groap « 

3 Receptor of 3rd order snth lU t>v haptophore 
groups, V ttw eytopbihe gtoop, and V tJ>e 
complementophUie groop 

i X, x' VaiToiH anttgeaa, eeeh with its hapto- 
pboie gro«p A X has in vlditioa an ergo- 
phote or toxopbote group ( 

C. Complemart, with its haptophore group A and 
Its ergophore gronp e" 
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not analogous to that between a strong acid and a strong base, but is a reversible 
action of the type which occurs between weak acids and weak bases, the eqmlibnum 
attained m any particular case being determined by the concentration of the reacting 
substances in accordance with the law of mass action 

Our present concept of the mechanum of the antigen antibody reactions is 
derived, m varying degree, from each of these three theories Its essential core is 
pto’nded by Ehrlich’s classical hypothe<us, simpUGcd and made more precise bv 
the pioneer chemical studies of Landstemer and his colleagues {see pp 252-258) 
It follows Bordet in postulating the union of antigen with antiliodj in varying 
proportions It adopts the assumption of Arrhenius and Madsen that the antigen 
antihodv compound is dissociable, at least lo some cases and under certain 
conditions 

Before discussing how this synthesis of conflicting theories has been brought 
about it will be convement to give abnefdescnptwn. of each of the antigen antib^y 
reactions in turn 

The Precipitm Beaction. 

Our knowledge of the mechanism of this reaction has, in the main, been obtained 
during recent years but it forms so convenient a starting point fora general descrip- 
tion of the in ritro reactions between antigens and antibodies that we may with 
advantage Ignore historical succession In this reaction the antigen as well as the 
antibody is initially in a state of colloidal solution We tan therefoie work with 
chemically purified antigens such os ciystalbnc egg albumin, or one of the bad 
erial polysaccharides that will be described in future chapters. In this waj we can 
eliminate the complexities that are introduced by theprevnee in the reactmg system 
of several diiterent antigenic components. We can elso os Landstemer and his 
colleagues have shown («ce pp 2o2-255), prepare synthetic antigens, the specificity 
of which is detcmioed by Imown chemical groupmgs, and study their flocculation 
by antisera prepared against them Moreover, m the precipitin reaction out data 
in regard to the quantitative relationships in our reacting system hare attained 
their greatest precision 

Specific serological precipitation occurs when any antigen m solution is allowed 
to react with its corresponding antiserum in the presence of electrolytes provided 
that the concentration of each of these reagents, and the expenmental conditions, 
such as temperature of mcnbation and tune of incubation, are suitably arranged 

The rate of formatioa of the antigen antibody compound, and of its flocculation 
vanes according to the conditions of the eipenment It is hastened by any pro 
cednre that mcreascs the frequency of impact between the molecules, or particles, 
of antigen and antibody, or between the first formed particles of the antigen 
antibody complex (sec Eagle 1932) Such procedures include any decrease in the 
total volume of fluid m the reacting system, wvlh a consequent decrease m the space 
between the reacting particles, and any factor that increases their rate of move 
ment, such as shakmg or convection currents in a tube partially immersed m a water 
bath It 13 also hastened by increasing the concentration of el«rtrol5de3 np to 
an optimal point, beyond which a further mcrease may cause a retardation. An 
increase m temperatnre up to an optimum also increases the speed of flocculation 
and it seems doubtful whether this effect u wholly due to an increased frequency 
of impact With some reacting systems the higher water bath temperatures 
(37-55® C ) niaj lie found unsuitable, since the antigen antibodj compound maj be 
partly soluble in this range 
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Tbe«e observations have since been coofirmed by many other vrorlers, and 
with a number of different antigen-aobbody ^sterna. In these systems ibc 
optunai ratio as determined by Bean and "WebVs method u a constant, and the 
method affords a reliable method of determining (a) the antibodv content of tiro 
or more •iolutions jn terms of a fixed amount of antigen or (5) the antigen content 
of two or more eolations of antigen m terms of a fixed amount of anbbodr 
\ few examples may make these pomts clear 

Dean and Webb titrated 33 aaioples of rabbit r horse antisera, and foond tbe optimal 
ratio vaned from 1 177 to 1 14 Taking tbe two sera exhibiting these extreme ratios, 
we see that one part by volmne of aab-rea (horse seram) gate optimal fioecolatum with 
IT* and with 14 parts by volume of the two antisera. Since one part by volume of antigen 
requires a constant amount of antibody for optimal Socenlation, this amount must be 
contained m tbe one in 177 vdumes, and m tbe other in 14 mlmnea , ti*! the second 
serum contains 1~/14 12 6 tunes tbe conrentraticm of antibodv in tbe first 

Taylor Adair and Adair (1633) bare need tbs method to determine tbe amount of a 
given antigen m a aaturally-oocumng mixture. Thus, they bare estimated tbe pe r centage 
of egg albumin m egg white, and tbe amount of globnlin m horse seram, usin^ m each case 
cbemieaDy pnnfied antigens for their btrabona. The resulta obtained w e re m dov ^ree- 
ment with prenoua detemunabons, earned out by the usual methods of ehemieal analyss, 
as shown ^ tbe folIowiDg eomparabve figures 


rereemage ei erynalboe «S3 albamia la eg; whne. Per eeirt 

Hopkins (1900) 6’0 

Wb and Ling (1927) 8 5 

Optimal ratio m*tb^ 7 29 

Peeeeotage of ^ebul o to bone ii i iim Per cm 

Hanunarsten (Id'S) 4 5* 

Gibson and Banzbaf (1910) 4^ 

Optimal nbo method d'lfi 


Tbe vabditv of the calculations depends among other things on the assumpbon that 
there is one type of antibodv reacting with a single anb-en in soluboo. With soinbons 
contaimng two antibodies and two antigens tbe titrabon senes mar vioU two disfinrt 
zones, or a single zone that is narrow ot broad acco’ding to the degree of coincidence of 
two optimaDv reactmg mixtures in tbe test tubes. ('?ee for example Dean, Taylor and 
Adair 193.> (Soldsworthy and Rodd 1935 Pochon 1936) 

It will be noted that Dean and Webb m determining the optimal ratio for 
fiocculatjon kept the amount of antiserum constant, and vaned the amount of 
antigen The ratio detenmned bv this method mav conveniently be referred to as 
the amsfant-anlibod j oflxmal ratvo or mmtant-anliboiy 0 P 

Pnor to these studies Ramos (1922) bad shown that diphtheria antitoim could 
be titrated by miTing fallin g amounts of antitoxic serum with constant amounts of 
toxm and notmg which tube in such a senes fir^t showed fiocculabon The fact 
that this technique was introduced as a practical method of standardizing an 
important tberapentic reagent and that controversy centred round its relation to 
the current m nro methods of standardizatiou probablr delaved the recognition of 
its wider theoretical s^nificance We mav coavenientlv refer to the optimal 
antigen antibody ratio as determined by Hamon s technique, as the consfanf 
antigen oj<mal ratio or con»f<iw/-an/i^ OJl 
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Considenng first the rows jn the table, we ‘we that the constant-acUhody 0 R 
IS 1/5 1/200 1/7 5 1/300, eto , that is, 1 40 Coosidenng coloams, the 
constant antigen 0 B is 1/5 1/1.200, 1^5 l/I,C00etc, that is 1 240 In 
this instance therefore the constant antigen optimal mixture contains «ii times 
as much antibody as the constant antibodr optimal mixture. The two optima 
arc on the face of it quite arbitrary, depending on which reag^'nt we rarv m com 
paring reactions tabng place in a constant rolume For a 1/30 dfluhon of 
antibody, 1/1,200 antigen preapitates faster than any other dilution, but this 
particular dilution of antigen can be made to precipitate even more quicUv by 
increasmg the concentration of antibodr to 1/3, when precipitation occurs in 10, 
as compared with 20 minutes. 

The Two Optimal Ratios and Chemical Egoiralence 

If the precipitates are removed by centrifugation the supernatant fluid remain 
mg may be tested, by the addition of more antibody or more antigen, for the 
presence of readual antigen or antibody Dean and Webb (1936) found that at 
constant antibody optimum there was oeitber antigen nor antibody in the super 
natant fluid and confimatory results have been recorded by Taylor (1931, 1933) 
Smith (1932) and Duncan (1931a) Duncan also found that at the con-stant- 
antigen OR of the sv^em with which he was working the supernatant fluid 
contained a gro«« excels of antibody It seems that in many avstems the amounts 
of antibody and antigens in an optimallr reacting mixture as defined by the 
constant antibody titration areequivalent For this reason, the constant antibodv 
optimal ratio u obviously important to determining the nature of the combmation 
between antigen and antibody However, the Ramon method of titrating anti 
toxin gives a eonstanv-antiicn 0 B and the close agitemenl betwem in ntro and 
tn nro tests indicates that the ratio cocre«poods to a mixture in which toxin is 
fit<t neutiahzed by antitoxin that is an equivalent mixture The fact u, how 
ever not irreconcilable with the generally ob«crved equivalence at the constant 
antibody 0 B for the two ratios in diphtheria toxui'antitoiin titrations happen 
to differ verv Lttle from one another («ec 3files 1933, Boyd 1941, Boyd and Purnell 
1944) 

*^6 second problem that falls for discussion at this stage i» that raised by 
Bordet’s hypothesis Do antigen and antibodr combmc m constant proportions, 
or may they combme in varying proportions, according to theu relative coucentra 
tions m the reacting mixture t The precipitin reaction affords particulariv favour 
able opportunities for attackmg this iroportant prohlem 

Confining our«<Iv« to the constant antibodr titrabon, we may distingm-h 
three zones — the central equivalence zone the rone of antigen cxces and the 
zone of anbgen deficiency which is usnaDv referred to as antibodr excess*, though 
this term «hould properly be used for the constant antigen titration senes. The 
zone of antigen exce«s may be further divided into two — a icgiou where a marked 
excess of antigen totally inhibits precipitation and a region of moderate excess, 
where some precipitation occur* The eqaivalence zone may be narrow and con 
fined to mixtures m the optimal ratio, or the range of complete precipi‘atiOQ of 
both reagents may be so broad that the antiuen concentration at the antigen 
excess end of the equivalence zone may be eight times and is often two or three 
time* that at the antibody excc'a end of the zone 

These are the hind of lesnlts crlAained with rahhit and horse antisera. With other 
animals, notablv the guinea pig, it u sometimes impossible to obtain anv zone of complete 
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U) tlif nriiouril nnd compt 7 ‘'ition of tlie preapitAtc The antibody excess xone is 
to tlm h ft, tlio Cfitiivnleiico or point is indicated by the arrows, and the antigen 

oxt( ssroiiois to the tif^Iit Ah tiwamountoC antigen added is increased, ihe amount 
of ntitibody in tho prccijulnte risen to a maximum The maximum u not, as 
iiifRlit lie ixpectcd attained ui the cijuivalence zone but increases m the antigen 
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estr»cJ«l ral } it rat guinea pig and aheop antiaora and lecitbui that of extracted horse 
man inou«o cat dog and goat antisera Although it is possible that a smaU amount 
of hpin IS an essential constituent of antibodj glol ulm (H ow and Coebel 193o), the large 
amounts often found m specific precipitates are adaotbed non spwuficallv during preevp t& 
tion and are essential neither to the complete antibody molecule nor to precipitation. 

Native anlibodi niai be a lipo globulin complex containing this small amount of hpin 
(see Clio« and Goeliel 1D35) Heidelbeiger (1939) suggests that the action of lip n is 
essentiallj mechamcal providing nuclei rouad which specific precipitation u mitiated 

The lubibihng Effect on Precipitation of Antigen or Antibody Excess 

may now retum to the inhibitory effect exerted by antigen or anti 
body excess and to the obsened difference between the constant antibody 0 B 
and the constant antigen 0 B 

Boyd and Hooker (1931 1933) pointed out that the ratio of antibody to antigen 
in optimal precipitates vaned inrenely as the molecular weight of the antigen 
For example with the Type III pneumococcal polysaccharide with an e timated 
molecular weight of 4 000 the mean ratio was €0 with «crum albuimn of mole 
cular weight 70 200 the mean ratio was? J and witha moIlu'>rha‘inoc}’amn of mole- 
cular weight 3 000 (XX) the moan ratio was I o3 The relation bolds with sufficient 
accuracy oier a whole senes of precipitin sy^ems. Since the molecular weight 
of the rabbit and hor«e antibodies U'cd m tbc majonty of the systems was in the 
region of 100 000 it follows from the me of the ratio that the antigen niolecoles 
concerned mu«t each pO'sess a number of similar reactiie groups capable of com 
bining with antibody U the optiniom the amount of antibody taken up is 
consistent with the hypothe«is that it forms a layer of contiguous units of antibody 
protein («ee aLo Klecilow^b I9(la) 

Be may cull the reactiie groupings on antigen and antibody Tslencie 
though unlike the laleiici of orthodox chemistry tbev ore not «imple atonuo 
lalencie* but combining complexes On tbt» b3«is antigens are multivalent a 
fact which may also be deduced from the rmction of antigens with artificially 
introduced reactiie groups, (^ee p 262) 

There is more doubt si out the valency of anlibodv Anal) 'is of precipitates 
formed iii the presence of a great excess of antigen «houId help to decide this point 
b) telling U3 the maximum number of antigen molecules that combine with a single 
molecule of antibody (see Hooker and Bo)d 1942) Unfortunately for technical 
reasons the composition of precipitates in this region is difficult to determine 
with accuracy but the available figures indicate that u'nallv one and m rare 
cases two antibody molecules combine with one of antigen. On thm bvsis, there- 
fore antibody is usually monovalent or at most divalent 
The “Two-Stage” and the “Lattice” Hypotheses 

If we accept the hypothesis of the monovalent antibody we are committed 
to an explanation of the phenomena of precipitation along the lines of Bordet 
namely that there is first a «tage of ipecific combination followed by a secon 1 
stave of non 'pecific flocculation dependmg on the pre«ence of electrolytes and 
serum Iipms. The muon of antibody globulin with antigen tenders it hydrophobe, 
and consequently salt sensitive The antigen antibody complexes are forced out 
of 'ointion and having more attraction for one another than each «eparate particle 
has for water they cohere and eventually form a viable precipitate This is the 
two-stage hypothe'is. 

On the other hand there are phenennena in precipitation and agglutination 



210 TEE A\T1GE\ A\Tl&>Dr PEACTIO\S 

hydroptile groups remam to slow or totsHj to ruHbit proapjtatiou Tte com 
pounds are schematically represented la Rg 33 where D E and F represent 
an antigen molecule a^er combination in tbe sonea of antibody esce'^s, equiralence 
and antigen excess. 

The compounds formed according to MacmcL s lattice hypothesis ate also Qlus 
trated m Fig 33 A-<1 which represent two-dimeasionally the react on of a hypo- 
thetical hexavalent antigen and tnralent antibodv In gross antigen excess, all 
three antibody ralenciea ate occupied by anbgen , the solution consists of quadn 
molecular complexes which cannot combine with one another to form larger com 
pleies because only anbgen valeaaes remain unsatisSed In a lesser antigen 
excess complexes as large as Ai ate formed , but the«e cannot aggregate more 
fully since ^am only antigen valencies are unsatisfied B and Bi illustrate sinu 
larly two complexes fonn^ m antibody excess, and C represents an early stage 
m lattice formation at tbe equiralence point there are firee anbgen and antfbodr 
valencies for the extension of the latbce indefinitely 

On this view the hydrophobe character of the larger aggregates is asenbed 
not only to a loss of attrsebon for water bnt also to a specific attracbon between 
the particles or molecules of which the aggregates are composed. This concepbon 
as Matrack points out is eubrely compabble with tbe dependence of fioccnlabon 
on the pte'enee of salt m moderate concentrabon. The action of the electiolvte 
m reducing the negabre charge on the molecules or parbcles wiU assist aggtegs 
tion whether this be due to a loss of attracboo for water or to mutsal sttiaebon 
between one molecule or particle and another 

Similar arguments apply to (he constant antigen btrabon. As antibody con 
centrabon increases the antigenic parbcles are more and more rapidly and fully 
sensitized, and the speed of fiocerdabon increases. In antibody excess, the 
complexes formed are more <olabIe than those at the optimum. The marked 
inhibitory effect of excess aobgen, however in the constant-antibody btrabon 
is not usually paralleled m the constant-anbgen btrabon by inhibibon in antibody 
excess. As we have seen (p 203) tbe addibon of anbbody in excess of constant 
antigen eqmvslence produces even more rapid fioccolibon «o that the constant- 
antigen optimal ratio of anbgen to antibodv is higher than the equivalent rabo 
(see alsoBuncan I93«) 3Iarrack (1934) suggested that if anbbody bnt not anbgen 
were denatured dunsg the combinabou of the two compounds lAe A (Fig 33) 
would be soluble, since the anbbody is protected by the fully bydrophile antigen 
whereas compounds like B would be hydrophobe «ince partial denatuiabon of 
the antibody at the surface wotdd take place, hloreover since it appears that 
antigen has a greater valency than antibody m anbbody excess there will be a 
greater packing of anbbody ronnd the anb^n than of anbgen ronnd antibody 
m anbgen exce^ We have already nobced that m constant-antigen htrabons 
of ^tems like diphtheria toxm and bot^ antitoxin anbbody excess hw a sharpbr 
inhib ting effect Thus precipitabon may be completely inhibited by douhhn" 
the concentrabon of anbbody that gives optimal preapitabon (Healer and Pmfield 
193o Pappenhcimer and Bobmson }^7) The work of Pappenheimer (1940) 
suggests that the narrow flocculabng xone sharp inhihibon by anbbody eices, 
and the easily ehcited Dany«z phenomenon of hor«e anbtoxic sera are dependent 
on the nature of the antibody Horse antisera to diphtheria toxin and ovalbumin 
exhibited all thi^ properties, whereas tbe corresponding rabbit anbsera to the 
two antigens did not. Boyd (1941) came to a tamitar conclnsion from a study 
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of the nnti'nrn antibody compound , but it a possible that some of them for mstance the 
lessened absorption of agglutinins by typhoid bacilb at a pll below 40 obserxed by de 
LroifandNorthTop may be due to the destruction or inactivation of the bacterial antigen 
concerned (see Duncan 193a) 

e are m the study of such reactions as these, dealing with sjstems of great 
physical and chemical complexity, about which we know relatnely little We 
should therefore be rcTj cautious m ascribing anr observed phenomenoa to the 
influence of a particular phvsical or cbetmcal factor until other possibilities have 
been satisfactorily excluded 

Before considenog the effect of electrolytes and other factors on the actual 
flocculation of bactena it will be convenient to note certain quantitative data in 
regard to the absorption of agglutinins by bacterial cells when these ancillary 
factors are kept constant Here, as elsewhere, the observed relationships are 
ineiphcable on the hypothesis of firm onion in simple multiple proportions. For 
instance Ei^enberg and \olk (1902) showed that, when a constant amount of 
bacterial suspension was allowed to react with varying concentrations of an aggluti 
nating serum proportionately more agglutinin was absorbed Arom the more dilate 
seniin though absolutely mote was absorbed from the mote concentrated serum 
M ben a constant dilution of antiserum was absorbed with vaiymg amounts of 
bactena the amount of agglutinin bound did not bear a linear relation to the 
aV sorbing dose of bacterial cells. With increasing do>es of loctem the amount 
of agglutiiun removed became proportionately lers Such a relationship is analo* 
gous to that observed in any adsorption process Craw (I90o) noted, in studyug 
the absorption of agglutinm by bactena a phenomenon analogous to that described 
bv Danysz in the toxin antitoxm reaction (<ee p 21C) 

The Zooe Phenomenoa m Agglatmabon 

Tbc systen) aitb which we are dealing in tbe agglutination reaction differs shaiply 
from ih&t concerned in precipitation in that the floeeuka consist mainly of tlic antigen 
camiDg material the concentration of which to the initial mixtures can be judged from 
measures of opacitv or from actual counts, of the bacterial suspension For this reason 
quantitative iDeasores of tbe agglutination Tvaction are most eonveiuentlv performed by 
the constant antigen method varving the eoncentration of antisera. ITie constant' 
antibody techmque is possible but has tbc disadvantage that tlie imbal heavy opacity 
of concentrated antigen suspensions mav mask moderate degrees of flocculation Utration 
of bacterium agglatinui systems bv both tecfamqnes yields optimally Boccubtmg zones 
though tbev arc leaa well defined than preapiUn zonea, Tbe failare of some b&ctenal 
suspensions to agglutinate in the higher coacentraticms of the dilution senes of homologous 
antiserum the pro-zone has been noted bv manr workers. In other systems, tbe 
inhibition of agglutuution is not absolute but can be obaerved particulatlv with light 
bacterial suspensions (Heuer 1922 da Costa &uz 19^} 

Duncan (1932&) and Miles (1933) studied the c<xistAnt antigen optmmm and lU relation 
to the constant antibody optimum. 4s in precipitm systems the antibody content of 
the constant-antibody optimal nurture was greater than that m tbe constant antigen 
optimal mixture In one system Duncan found the difference to be six fold. Equiva 
fence zones cannot be folly defined since remoyiag a precipitate by centrifugation m the 
zones of antigen-exc^s also bnngs down nnagglntinated antigen, but tbe equiyalence 
zone appears to cover a wide region of the coi»tant-antigen aenes, including tbe optimal 
mixture 

Shibley (1929) ob«eryed the pro-xone phenomenon in antisera that had been exposed 
to moderate heat, and attributed it to a modification of antibody whereby it vras prefer 
entially absorbed br tbe bactena, but had lost lU power to sensitize The probable 
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pll over which acid agglutination occurs maj v&ij considerably &om one bacterial 
species to another, and has sometimes been employed as a differenfaal entenon, 
but its u'efulness in this respect would seem to be rety limited (see Sgahtzcr 1914, 
Buchanan 1919) 

The relation of salt agglutmation to agglutination by specifc antisera has been 
studied in some detail by Northrop and de Knuf (1922o, 6) Worting with Salm 
lyphi, they showed that, with those kafions that caused a great reduction in 
surface potential m low concentrations, flocculation of either sensitized or un 
sensitized bacteria tends to occur when the surface potential is reduced below 
about 15 mvt With kations that reduce the surface potential only m higher 
concentrations un*eiisitized bacteria are not a^lutinated, even when the surface 
potential is reduced to zero, while sensitized bacteria flocculate when the potential 
falls below 15 mvt The effects produced on sensitized and tmsensitized Salm 
lyphi by the tnvalent kation A1 , the bivalent Lation Ba , and the monovalent 
Imtion Na , are shown m Fig 34 (Northrop and de Krmf 1922a) 

In an attempt to determine why uneenstizcd faactena fail to agglutinate at relatively 
high salt concentrations, even when their aorface potential is reduced to zero. Northrop 
and de Krutf (1022a) studied the eSect of salt coocectratioD on the ' cohesive force ” of 
bacterial eella, by measuring the forces required to separate two cover slips coated with 
bactena Theyfound that the outoal attraction of unsensitized bacteria} cells was reduced 
with increasing salt concentratioa, whereas this eflbct was not produced when the boeiena 
had prenoasly been covered with serum protein It would seem then that one of the ways 
m which serum protein oraspecificantibody.ezertaitaeSect is by so altenog the bacterial 
surface that it reacts to a reduction of surface potential in relatively high gait coocenttatioiu 
IS the same way that unsensitized bactena react to an equal reductiOD of poteutia] m 
very low salt oonceutrations. 

Before leaving this questiou of the influence of electnlylee ou agglutination, or on other 
antigen autibody reactions, we may note bnefly the effect of salt concentrations higher 
than those that we have consider^ id the previous paragnpbs. High concentratioos 
of sodium chloride (2\ or above) inhibit both precipitation and agglutmation. These 
reactions may be delayed m concentrations of 0 2—0 5 N sodium chloride (See Strong 
1909, Fnedbctger and Goldschmidt )9I0. Landsteiner and Welecki 1911, Eagle 1932) 
Schmidt (1930) noted that the reaction wasdelaved in high concentrations of vanous salts, 
and that the order of activity of the auions was approsmatelv that of the Holineister senes, 
namely (QO/ > SC^' > GO,' > KO,' > Br' > 10,' > SO//2 > G' > XO,' > F*) 
sod Marrack and Smith (1930) found that toxmsntitoxm flocenlea were dispersed by 
strong salt solutions theoiderofactinty bemgl' > SCX' > Br' > XO,' (Seeabop 230) 
It IS probable that the effect is doe to a duvet action of the salt oa the serum proteins. 

The effect of specific antibody itself on the surface charge of bactena. at the pH {"-8) 
and the salt coocentration (0 9 per cent. = 0 15 N IsaG) at which agglutination reactions 
are usually coltned out, may be negligible (Shibley 1926, IfamcL 1934} . though some 
workers (see Grown and Broom 1929) have osenbed great importance to iHla effect. 

There seems little doubt that the essential effect of sensitization is not its direct 
action on the suiface charge, but the fact that sensitized bactena react as hydro- 
phobe colloids, even in moderately high salt concentration®, while nnsensitized 
bactena do not The^ hydrophobe paitielea remain dispersed only when their 
surface potential is maintained at a level greater than about 13-15 tavt IVhen 
the charge is reduced below this le\cl the action of electrolytes the bactena 
flocculate It may be noted (Streng 1909, Northrop and de Kimf 19225) that when 
the amount of antibody comhmed with the bactena is very small, agglutmation 
may occur only over a very narrow range of salt concentration. 
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The Berersihility ol (be UiuoQ hetveea Aatigen and Antibodj. 

The fonnatioa and precipitation of usoloble antigen antibody coniple:E« 
implv a certain degree of UTeTer«ibili^, a degree which is illustrated by the 
Dany«z phenomenon referred to aboTe Danysz (1902) showed that if a constant 
amount of diphtheria tonn is added to a constant amount of antitonn, the toncitr 
of the Kiiitnre Tunes according to the way in which the addition is made If, 
for instance, to a giren amoont of antitoxin, the equivalent amount of tonn is 
added all at once, the mixture is non toxic If the same amount of tc^nn is added 
in two or more fractions, with an interval of 15 minutes or more between each 
addition the mixture will be highly tone The fraction of toxin added eather 
unites with more than its equivalent amount of antibody, so that there is insnf 
ficient antibody to neutralize the later fractions, and there is, during the period 
of the experiment, no detectable redistribution of antibodv among the toxin 
molecules. The «olubihty of the compounds formed jn antigen or antibody excess, 
howeier suggests that if the nnion was reversible, a precipitate formed from 
equii alent amounts should di^«j1vc in excess of antigen or anhbodr The evidence 
on this pomt is conflicting 

Little solution in these circunistancea could be detected in precipitates of the foUawing 
antigens with their re«pectivc antisera Types I and II pneumococcal polvMcchandes 
(^t>otka and Fnedlander 192S) fueraogtobm (Bnml and Haurowitz 1930) On the 
other hand the foQowmg specific precipitates are solnbW diphtheria toxin in antibody 
and antigen excess (Healey and Pmfield 1933), Tvpe HI polysaccharide (Beidelberger 
and Kendall 193od) , hsmocyatun (Hooler and Boird 10T51 and CFralhirmin (Boyd 1910) 

Hol'd found that the ovalbumin precipitates were as readilr soloble after 10 mouths* 
storage m the cold In other esses the antigen antibodi union appears to become loss 
reversible aith time For instance, both Enden and ShaSor (1937) and Moms (IDIO) 
found that dJnte mixtures of linng Tvpe I poeusococa and protective antibodv were 
at first infective but became less co if the mixtures were allowed to stand befoK ta)ectMii 
into nuce It should be noted that the fact of decreased dissociabdity with age la not 
necessanli due to increasing firnincss of combination , an irreversible denatoration of 
the antibodv protein ui the compound mav take place (see also Chapter 11, p. 342) 

The “olubility of antigen-autibody complexes in high salt concentrations and, 
in some ca«es m antigen or antibody excess, suggests that di^ociabon of the 
complex takes place The establishment of this fact is important in deciding 
which of the better known chemical and physical processes best describes the 
phenomena of precipitation and agglutination. IVith Bordet, we may interpret 
tbe<« reactions as adsorption phenomena, or with Airhemns and Madden, as obev- 
ing the ma«s law In the equations both for the mass law and the adsorption 
isotherm of Frenndlich (^ee below) the amount of absorption complex, or of com- 
pound pre«ent m the system at cqniUbnam denends on the concentration of one 
or more of the reactants Bowever, m most precipitin ay«tems studied («ee p 219) 
the composition and amount of the antibody antigen complex is dependent, not 
on the final, but on the initial couceotTation of the reactant", a fact that imphes 
3 relatively high degree of irrevcpubilitr of (he antigen antibody nnion The 
union takes place probably within a few seconds, in systems that precipitate 
iTSibly in a few minutes {«ee Burnet 1931, Bovd and Hooker 193S Follensby and 
Hooker 1939, Heidelberger Treflers and Jlaver 1910, and Boyd, Conn, Gregg, 
Kistiakowcky and Roberts 1941) In this case the laws will apply only in the 
earlier stages of the reaction and their application to data obtamed mainly -from 
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we come to tbe xesolts obtained in partial neutralization or partial 
adsorption eipenments we find tliat are not compatible witb the concept of 
firm nmon m constant proportions but that they afford no Becnre basis for dis 
tinguishmg between an adsorption reaction and a combination due to intramotecnlar 
forces that is Enbject to the law of mass action 


The law which describes the relation between the amount of a giren Bubstance adsorbed 
from a solution, and the coneentratios of that tnbstanee reroaining m solobon when 
eqnilibnuiii haa been reached has been formulated by Freondbeh (see Fretindlic!i 1906 
1922 Fieundheh and Neamann 1909} aQdexpiessedintheforaiofthefoIlownigeqoation 



where x is the amount of the substance adsorbed b; the suriace m C u the final concentra- 
t on of the substance in the Suid a la a constant depending on the oiuta of meaaurement, 
and n IS a constant leas than tmi^ 

If we let r represent the adsorpt on on mut snrlace, the equation wiU become 
* = aC* 

or log* = loga-}-nlosC. 

The cones of the two equations are shown in Figs. 3o and 36 



It 13 clear that this formula erpteoes the (act that the amount of sobdance adsorbed 
by mut surface increases with ucreasing ooDoeotrabon> not m direct p rop ort ion to this 
increase but to some root value of it. If for instance, the value of a were 0-5 theamount 
adsorbed by nut surface would ucrease as tbe square root of the concentraboo. It 
follows that proportionately more of a dusotred substance will be adsorbed from a weak 
solution than fiom a strong one 

The figures recorded m many antigen antibody reactions and particularly m 
the neutralization of toxio by antitoxm, fit a curve of this tvpe very closely over 
a considerable par* of their range but the eaJculated and ob«erved values usually 
differ agmficantly with a very great excess of either reagent (sec for instance 
von Krogh 1911) This discrepancy is not surprising (■see .Marracl. 1933) The 
Freundlich isotherm, in its classical form, does not approach to a mgnmnm at 
high concentration of one reagent bnt nses continuously though at a decreasing 
rate. This seems very nnlitely to clescnbe the course of any antigen anbbody 
reaction. Tbe adsorbing reagent would be eiqiected to become fully saturated 
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Wlien we come to the lesnlts obtained m partial nentralixatioa, or partul 
aAiOrption cipenments we find that they are not compatible with the concept of 
firm union in constant proportions , bat that they alTord no secnre basis for dis- 
tinguishing between an adsorption reaction and a combination due to intramolecular 
forces that is subject to tbe law of mass action 

The law which describes the telation betwrea the amount of a given substance adsorbed 
&om a solution, and the coneentratioa of that enbstance remaining in aolatam when 
equfiibnam has been reached has been formnlated hr Frenndlich (see Freondbch 1*^ 
1922, Freundbchand Neumann 1909} and expressed in the form of tbe following e<pubon 
~=aO 

where v is the amount of tbe enhstanoe adsorbed the surface ai C is the final CQacentra- 
tion of the substance m tbe fluid a is a constant depending on tbe nnits of measurement, 
snd n 13 a constant less than onitj 

If we let z represent tbe adsorption on unit suiliMe. the equation wiU become 
X s= aC* 

or Jogz = li>gtf-l-*l^(X 

Tbe curves of the two equations are shown in Figs. So and 36 
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It IS clear that this fomnla expre^es tbe laet that tbe amount of substance adawbed 
by unit surface mcreasea with mcreasmg coocentntion not m duect proportion to this 
increase, but to some toot walue of it. Ifi for instance, tbe value of a were (hS, tbe amount 
adsorbed br unit soiface wonld increase as tbe 8quare>root of tbe concentration. It 
fc^wa that proportronately more of a d>3»c>lTed eobetance wiQ be adsorbed from a weak 
aotuticm th^ frmn a atxong one. 

The figures recorded in manw antigen antibody reactions, and particnlarJr in 
the nentrahzation of toxin by antitoxin, fit a carve of this tvpe very closely ove* 
a considoraWe part of their range, bat the calcidated and observed values osusl^ 
differ significantly with a very great excess of either reagent («ee, for instance 
von Kiogh 1911) This discrepancy is not surprising («ee Mactack 1*^) The 
Frenndhch isotherm, in ita clasural fonn, does not approach to a TnuTimnm at 
high concentration of one reagent but rues contmuously though at a decreasing 
rate. This «eems very onllkelv to describe the course of any antigen-antibodv 
reaction. The adsorbing reagent would be expected to become fully catozated 
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at fiome point Slodified equations hare m &ct been evolved that allow for such 
a saturation limit 

With this proviso, the demonstration that there is a close correspondence over 
most of the range between observed values and values calculated on the basis of 
Freundlich's isotherm clearl 7 suggests the possibility that antigen antibody re 
actions are examples of adsorption phenomena But an equation derived from 
the law of mass action gnes a'bune that haa a close resemblance to the Freundlich 
isotherm over a great part of its range It differs from it in naing rather less steeply 
at low concentrations of the reagent undergone adsorption and asymptoting 
towards a maximum at high concentrations Arrhenius and Madsen (see Arrhenius 
1915} give 8e%eral examples in which there is a cleat correspondence between the 
observed values and those calculated on the mass action hypotbevis over a con 
giderable range of antigen antibody reactions tbongb here again there are usually 
discrepancies at high concentrations of one or other reagent Biltz (1910) found 
that the curve of neutmbzation of tetanolysin by an antitetanic serum would fit 
the Freundheh isotherm, but would also fit a curve based on the mass action 
equation It docs not m fact seem posaible, on the basis of the recorded data, to 
decide between adsorption and mass action by mvokiDg the form of the neutraliza 
tion curves obtained 

The agreement of expenmcnUl data with a theoretical equation does not 
guarantee its validity, whether the equation is derived from the mass law or 
Freosdhch's isotherm The adsorption isotherm can he used to describe a number 
of different statistical phenomena such as association between death rates and 
overcrowding (Brownlee 1923} It describes, in fact, the statistical behavionr 
of many complex systems of interrelated events, and the agreement of data with 
It should probably be regarded as evidence of a complex reaction, and not as an 
indication of the nature of the factors producing the complesty 

The moss law has been appbed by Heidelberger and his colleagues to the exten 
sive data they obtained from an analysis of ranous specific precipitin reactions 
Type ni pneumococcal polysacchande, azoprotem dye, egg albumin (Heidelberger 
and Hendall 19550 6 c, 1957}, thyrogfobins (Stokioger and Heidelberger 1957} 
and serum albumin (Kabat and Heidelberger 1937) 

The hypothesis assumes thatsutibodyniBy be considered as bomogeaeoiis, that antigens 
and antibody are rnulliraknt mth respect to one another, and that before precipitation 
there most occur s competing set of bimolecotar reactiona, whoso nature'depends on the 
relative concentrations of antigen and antibody If antigen aad antibody combine in 
eqaimolecular proportions an equation ajq>hcabje to all coses in which there is excess 
of antibody is 

where y w the number of molecules of antibody prewpiUted when x molecules of antigen 
are added, and A is the number of antibody molecules precipitated at the equivalence 
point of a constant antibody titration There are a number of objections to this denva 
tion Among them is the fact that there are not always equimolecular amounts of antigen 
and antibody at the equivalence point (see Marrack 1933 Heidelberger 1939) TOthout 
ft.w nm.ng equimolecular combination at equivalence tbe foUowing equation derived from 
experimental data is found appheabje to inany syafenis 
y = 2R* — RVM» 

where z y and A are expressed m mdligrana and B is the ratio of antigen to antibody 
at the equivalence point ITus and otbea- siaular equations, are empmeaDy successful 
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in choractcming antisera in terms of staodard antigemc preparations and nee rerM 
Antibody content may be expressed m tenna of maximaUy precipitated nitrc^cn and 
degrees of antigenic similantj as the ]at>porti(« of homologous antiboly precipitable 
by diffetcTit antigemc pTcpara-tions Hetenk^oas avstems are not so readfly cliaracteraed 
br this method For instance Fennel] and HuddJeson (103S) found a go^ ht with the 
precipitation of HruceUa abortus and mtlUcvM endo-antigcns by homologous atiUsers, 
but the fit was poor with the cross-reacting antems, abortus antigen and truhlntsis anti 
semm This may he due to peculianties of the antigenic reUtionship between these two 
organisms (see Chapter Si) \ more important objection is that the relation does not 
hold for the region of antigen excess (Slalkiel and Boyd 193») though Heidelberger 
(1S30) pomta out that this irgion » charaelertted by the to-fxistencc of soluble and 
insoluble antigen-antibody complexes in crjflihbndm and his original assumptions do not 
neecssanh apph 

Hetshey (1941(1 6 194'* 1043u) hasexpressed themainfeaturesoi si<ccific precipitation 
in a desenptiTC theory that differs from those of Heidellierger and Kendall in a number 
of respects The mass law is not invoked llershef adopts the notion of competing 
bimolecular reactions but unLke ireideDierger and Kendall assumes that the imtul 
antigen-aritiliodv coml ination li revirsible The compounds may he charartenzed m 
terms of valency of anti'mn and of antibody anl a dissucution constant I Of spcml 
intciest IS hia restricted theory in which the Littiee hypothesis is assumed That is 
both ant gen and antil>ody are mohivalent and not ordy the imtinl coml inatjon but the 
later aggregation is determined by antigen anl antibody vateneies The ongmal papers 
must be corouhed for tl e details of the theory U may be noted that 1 y assuming that 
aggregates os well as initial compounds have a detenmned lattice structure the aasurop- 
twn of irrevcr* 1 ht\ of retction « not only unoewsary but w irreconedable wth the 
lattice hypothesis (1943>i) The agreement of the theory with avaihblc data is as good 
as that of Heidelberger and Kendall s and the theory u appheal le over a wide range 
of the pree pifin reaction The eonseejoence* of the rrstneted theory art compatible with 
a large nnmlier of observed facts inclucbng insotub hty of precipitates the different effects 
of antigen and antibody excess and the varrmg relation of optima with vanous points 
of reference in tl o erpitvalence zone Taken in conjunction with the erpenmcntal data 
the success of the restricted theory at least prondea an additional reason for ginng the 
lattice hypothesis the first place among the working hypotheses of serology also 

Ghosh 193o Kendall 1942 and Pauling Pressman, Campbell and Ikcda } 

Tests of the Lattice Hypothesis 

The description of the precipitin reaction in terras of Heidelberger and Kendalls 
mass law equations corre«ponds in e«sentiaL. with the lattice hvpothe«is of ilarracl 
Both depend on the asramption that antibodies arc multivalent The main objec 
tions adianced against the concephon of multiyalent antibody are firstly the 
dofficulty of conceiving the mode of formation of mnUi\alent antibodies m the 
animal andsecondlv that the as-mapttQaQtnuiltii&lerw;<iiauiinecei<«itvtode«ctibe 
the phenomena of precimtation The first point is dealt with mote fullv in a later 
section (p 2 d 1) Hooker and Boyd (1937) object to the assumption of multivalence 
on the grounds that inhibition by antibody excess israre that non-specific adjuvants 
likeelectrolytesand hpinsare necessary for precipitation that the surface properties 
cfbaC-tenasensitiiedbyantibodyaiethwieofahydrophobic salt sensitiie denatnred 
globnhn and that in the presence of exce^ of antibody the rate of flocculation 
of an antigen 13 similar to a simple coiUotd undergoing non specific flocculation 
The same authors (1912) point ont that analysis of precipitates formeil in the 
zone of antigen excess where antibody B not likely to hay e all its valencies oatisfietl 
seldom reveals a molecular ratio of antigen to antibody of more than nnity 
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Eaplf (lOTs) gijlijcc«oil iliphtlx-MA ftnfitoxii] an4 antipneiimoeoccil serum to pro 
gn-wSwlj int<n’«irp trcstmerU uiih ffmwMchvd. At otii stage (bo antibodies lost 
(Iieir procipilnting ]«»\m r \ ul wm still protectiTp a gt paration of activities that Sujrgests 
a non sjx oific vkiiuiit in tii.prrpatiou K!e«L<»»»U (1^416) and IHndui and Jvleiakoivskj 
(IfUSli) madeconijJ sin of antiUnlj plokulm withslbuimn, in nhich thcantihod) retained 
Its specific romltmng i«iHcr, but «as iiicai«l»U? of m ttfro flocculation Thenomena of 
(liw kind do not iiiTrswnk in\alid-i(c tho lattice iiypotlicsis Imt tbcj give an indication 
of the degree to which non specific factor* mar l>c oiicmtiie m ngpregatioji 

Tojle\, Wilson and Dunean (1835) densrtl a test of tho muUnalence of antibody 
using tnixoil npgiutination system* Two sntigicns arc chosen of approximately equal 
jttrlietc sire, and in siniilAr conantmlmn Tbe amount of antibody rvhich m each case 
w il! flocculatt tho antipi ti in a given time Mdetermincil and the reaction of tho tw o antigens 
and antibodies alloweil to take plac*« in a mivtiirc If the lattice bypollitsia bolds the 
Hgjrrvgates that form will conslit of one antigen or Hie other since they are held together 
l>y specific anlitiody If Uoceulalion w non specific, tlic aggregates will be mixed Slore 
oier in the first case the sjwl of fioccutation of each antigen toll be independent of 
the pn'srno of the other, but if antibody miniy sensitizes the antigens to tbe aclitui 
of electrolyte, then the wnecntration of lloeculal Ic material m the mixtures ivill be claul led 
and (he siarHi of the inixcil reaction much gnater than (Iiat of either reaction separattit 
1 01 h \ , W iLvm and Duncan found llial pneumococci, and the ndcroscopirallj distinguish 
able colifonn Imcilli formed *« paniti agj.'rrgati-a. With mixtures of two djstmguw) al Ip 
tt|>r« of rr<l blood (clI. Al ram«Ki (i(>3D and Hooker and Iloyd found mixed aggre 
pates Wiener and Hcniiaii (1033), im the otiir liand found sepimte aggregates with 
mixttina containing ftsl c»lls and a jneipitatinR nntificn nd eelU and pneuraoeocci 
and two ty)« of nd tills Mixed airjfripnti-* wen formed with the htter wlien antibody 
was in exrciM. >on specific il Hcuhnta al«o gaie minxJ au.Tit.ales Uidi pn-cipitating 
SMtems. 1I« ker and Iloyd (1037) found an inereaaeil speed of floceulntion in mixtures 
indicating non sja'Cificapsrn'catioii Iluncan (1031) confirmed tins but uilh agglutmating 
sy stems, found no incmw* in ijw! of agglutination He sugg< sted that both mcchamsms 
were operatiir, but tbst one or tJic otbirjnightprrdojDmnlesccorOingto tbo system and 
the circunutaiiccs of i(* traction /feidcibergcr and Kendall {J027) axturated pneumn 
cocci witli iiomo sntiiiody Tho a<ldit(on of morn pncumococti to tiic over sensitized 
cells rrsultoil in prompt ngclutinotion of *U the imenmocoecl a result strongly suggesting 
that, in adJilJon to the salmcfes imployed in binding antibody to the original pneuino 
cocci (Iicrc w«ro on the bound «ntii>ody freo vab-nom aiaihiblo for combination witli 
t iie added cocci Itoyd and IIooUi r (IP3S) suggest tliat In mixed systems specific coiubina 

tionmay ojTrak In thew-condsuige, nndalaUiecmey fonii in antigen excess m ant (body 
CX09A, the •* two stage ” reaction appears to take place, for they found that red cells 
saturated with a very marked excess of antibody were still susceptible to tho floccukting 
action of salts Ileishcy's (IfitS^) rtwnt experiments, mado on eonicwhat similar lines 
with bacttTio( hage, also support the latiicc hypotiicBis A living Bad coh bacteriophage 
adhered firmly to a prccijiltate consisting of dead <o/i bactonopbage and Lomologoua 
antifiodv Otiier speciCo systems with <g sfaphyfococeai phagu, senrat 

protmns pneumococcal poljMccbande. absorbed only a small amount of the phage He 
obtainwl no cvidtncc that the particles of antigen were renderrd non specifically ‘ stickT- ” 
by tlieir coating of antiliody, a condition to be expected if aggregation was non specific 
Another ei(ieriB3ental approach to the problem of antibody valency is possible 
Ko safe assumption can be made of the precise valency of natural antigens But, 
as we flball sec later (p 258), certatn fractions of natarnl antigens will react with 
antibody, provided they possess tbe chemical groupings that cbaracterize the 
full antigen These reacting fractions ere called haptens, and in some cases can 
be prepared synthetically The tesetum of monovalent and divalent synthetic 
haptens with antibody should provide a doe to the valency of antibody Mono 
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valent haptens do not precipitate snlii homologoos antibody, thoogh they can 
be shown to combine with it. It is aigaed (UarracL 1933, Paolin" 3910) that 
if antibody is divalent, diralent haptens ^ooM aggregate with it in long chains, 
with tn or mnlti valent antibody, divalent haptens coold form a lattice and 
precipitate. 

Preopitation of drealeat baptena wu observed bj Laiuistemee and ^aa der Scberr 
(1932&)8Dd by Paalmg, Campbell andPressmaafldtl). andPatihnz Pressman and Ikeda 
(1942) showed that the bapteB.aQtibody vsUo was constant throogbont the titration 
ranee of a divalent hapten with homokgoos antiserum. The observed molar ratio was 
0-75 S3 against the ratio of luutv to he expected if both the antigen and the antihodr 
were bivalent. Hooker and Bovd (194H) and Bovd (1943) obtained no evidence of pre* 
apitation or of tbe formation of long ebaics of alternating antigen and antibody l^nd 
sterner and van der Seheer’s haptens mav have polymenzed in adution ai^ so femaed 
multivalent hapten putlclea , though there is no posture evidenoe that tbe same enUosm 
13 applicable to tbe results of PaaLng and his co-worLefs. Boyd (1942) from a stndr 
of specificallv precipitable tnralent araonic faaptens. ronrluded thst their precipitabllitv 
depended, not on tbeir power to form a lattice, but on tbe of their combining 

groups to one another IVben the araonie combining groups were attached to a corapoond 
so that thev were separated by a relaUvel> Urge molecule, the hapten was not precipitable 
hv antibody Bovd suggests that after the araonic groups of this Utter type of hapten 
have muted with antibodv, the number of hvdrophile groops remaining free is eofSoent 
to keep the compound m soluUoa. \Vb« these groups were radtred 3»« hydioplulw 
br acetvlation, tbe haptens became prrapitabW Frrapitation on this basis » due 
to tbe lowering of solubilitv bv mutual oeotralixaticsi of polar gimps in antibody sad 
nspten, and by crowding of aotibodv moleciiln together ao that oth^ polar groups are 
occluded This ‘ occlusion ’ bypotbe*is ts an extension to hsptens of the ‘ two^tage 
theorr as appbed to the reaction of full antigens in antibodi excess. The aerelogieal 
reactions of haptens, however, are not stnetiv paraUe) to these of full antigraa, and ths 
lack uf paraOeUsm may invalidate anv condusions that we tsav draw about the antigen 
antibodv reactionB. Tor example, \tooIf (1941). working with antigens evnthcaized bv 
conjugating protein to hapten, observed that Ibe antigen antibodv raticn were dependent, 
as ID other svstems, on the amounts, and not on the concentrations of the reactants. 
Inhibition of the reaction bv hapten, on tbe other hand depended on ita concentration, 
a fact which au^eated that haptca^aotibody compounds were far more di.v5iociab)e than 
8ntigcn.antibodT compounds. Moreover Her«bev (1942) points out that eipemnent-v 
with haptens are unlikely to indicate anvthuig about the vakn^ of aMibodv, ance 
tbe di&ctepancy m size between the reactive gtouj^ of the haptens and a reactive patch 
(i t tmit valracy ”} on the aotibodv is eo^ that a modih^ lattice will form in tb> 
early stage of preapitation, whether antibody is monovalent or not. In a later paper 
(1944) he fihowa on thecvetical groonds that the combinatioa of antibody with dival'vit 
hapten would not result in specific p rec ipi tation, smee it u highlv unlikely that suScmtly 
long chains alternating antigen and aotibodv mc4ecul« could form , poeapitatioD in 
such circumstances would imp!} either a Bon.apec^u effect, or irrever^le aatogen^tibodv 
Imkages , or, as already noted, either an incxcase m tbe vaknev of bipten by lU poly 
menxation, or an effective multrvalence of mut reactive patches on the antibodv molecule 
It 13 impossible at pre®ent to decide between the lattice and the two-stage 
hypotheses, at any rate as mutually exclostve hypotheses. The proponents of 
both ate united in assuming that the initial combinatioa is determined bv epeofic 
chemical factors and that antigens are multivalent. It ahooH be noted that the 
demonstration of the mnltivalence of antibody will not alone prove that a specific 
lattice IS formed , it will be necessary also to show that tie antlgen-antibodv 
linkages are specific, and that the bonds between the taolecnles are reversible 



THE mCROSCOEIC APPEARAhCE OF SPECIFIC AaQREQATES 225 

(Ilmhey 19U) The K*ioIution of the costroteny fiithet by the establishment 
of one or the other liypothe«is or theu merging into a more general hypothecs, 
must await further research 
The Mtcroseoplc Appearance ot SpeetRe Ateresates 

There arc few ohseri atioas of epeeific aggregsbis, either during or after their foroialjon 
which 5 Kid anv Information about the nature of the antigen antibody rmion Pi;per 
{103S I04la, h) records an interesting etndj of the agglutination of Salm l^phi made 
b) dark ground cinematography He eonfirtn* tlie weU-eaUU«bed fact that flagellar 
antibody first immobUirca Ihi organisms hj a direct action on the flagella after which 
aggregates are formed by the adhesion to one another of the motionless flagella of bacteria 
fortuitously brought Into contact by llrownian moYement or convection currents (Pig 37) 
Agglutination bj antibody to tho wmatic antigens results in the formatjon of closely 
packed clumps of baetena, which retain their motihty since the flagella are net immobdized 
The Cinematograph record shows tlie motile, sensitiaetl Imetcna swimming in all directions 
Bcrora tiic field along relatuclr straight linra. and many of them aro seen smnuntng 
directU towards alr^y formed aggregates, a phenonienon that Pijper attnbutea to 



atlraetjon exerted by tho aggregate It w difhcult to imat,ine that the union of antigen 
and antibody could genersUt a field of force eapahlo of acting at diatoncca of several 
microas, and it appears to os that the apparent attraction can be explained by postulating 
a straight-line courao for the motile sensitired baciUi over short dotanecs If an aggregate 
18 In the line of travel, a beftd-oci collision with the aggregati. and adhesion to it wifl give 
the impression of attraction ... , , , 

The bacterial aggrogatefl formed dtmng aggluUnation varied with the antibody used 
Stmitial .on to nagcH.!- .nliUdy gn™ «» tortmton. jittem noW s by 

O »nt.U.ly. .1. end »-end .mnscmenl (Fig 33) . .nd by V. .nl.body (ko <a.p«i 8). 
the ch.reele»l.o rnetang dep.ct«( in F.g 39 The &o»n (tat detemlne <be» patten. 
«te nutters tor speouktion U mny b. noted m Ito eonneet.on that Jlife. snd fta. 
(1039) obiterted speefio prCT.p.t.tes ot .nt.bodj snd n.t.v. urtesen from Br 
nhieh oppeand to bo budt np ot brndenJ fagmente adiennE to e.ob other end toerf 
Dunns the ael.on ot flaseltor anlibodtes, Pijper otaerved the d.p»t,on of 
on tb, flaoello. Mudd and Anderson (1941) tborrf n P*teby dutabotion of 
on the Iklelbi of .poo.fieaUy teos.toted ®.Ie. typ*. Ueuoted m electron nner^fte 
tho mcreaS n. tb.etee» v.ned fom 1 to 17 m, Bnnlar thieb-mne, oe^ i 
«U nail The dimensions of tho Unekenings sren of nn Older of emo eompolitt .o 
those of a unimolectilar layer of mbbit antibody 
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The {«nsitized patches appeared to he sticLj'. not onJv for each other, hut for ncm 
specific particlea No estimate of the degrees of stickiness is possible from an electron 
tQicrograpb but tf we assume that the 
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non specific and specific stickiness vere 
of the aame order, the olisetratjon pro- 
vides evidence in fas our of the two^tage 
ratlier than the lattice bypothesia. 
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In & misturo of a tobacco mosaic vsrus bavuig a particle v>idth of 15 fn;i, and its bomo* 
logous antibody Anderson and Stanley (1911) demoastrated that, m antibody exccM 
the increoae in width of the virus particles was compatible with iho hjTiotbcsu that lugbli 
elongated rabbit antibodv tnoleculcs. about 4 X 27 m;i were attacbrcl radially to the 
aurlaee of the antigen. Hie authors point oot that electron raicrographa of the aggregates 
snegest a rough lattice formation. Such a resemblance u irrelevant tn a coosiderstioo 
of MartaeWa hypothesis in «hich * lattice’* u used more m a erystallogripbie, than m 
a secular sense of the term 

The Lysis o! Sed Blood (Mis 

Although the original observations on the phenomenon of lysis were made 
on bacteria. Bordet's demonstration that a stimlai reaction could be obtained 
with red blood corpuscles, and the nunaerons and detailed investigations of Ehfhch 
and his school into the interactions between red cells and their eorrespondmg 
antisera, turned the attention of the great majority of workers from bactenolysis 
to htemolysis , and the greater part of onr knowledge of the mechanism of Ijlic 
reactions in general is based on the data obtained m studying the lysis of red cells. 
For this reason we shall discuss hsemolysis before considermg the lysis of bactena 
It is not possible, in the space at our di^io-al, to give any account of the his- 
torical development of our knowledge of tins subject Heference must be made 
to textbooks dealmg particularly with immunological reactions, or to the collected 
papers of Bordet and of Ehrbch, who have been the protagonists m this particnlar 
controversy The mam facta, which are not m dispute, are as follows. 

The phenomenon of hsmolysis consists rn a taking of the led blood corpuscles, 
that IS, in a sctting-iiee of their contained hmmoglobm, and not m a true solution 
The cell stromata remain undissolved, thot^K altered in sire and shape, and 
probably in other physical and chemical characteristics 

As has already been noted, it was shown by Bordet (1S9S) that htemolytic sera, 
bke the bactericidal sera studied Iqr Bncbaer, are inactivated by beating for 30 
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minutes at 56° C Ho also showed that this mactn ation concerned not the hrorao 
lytic antibody itself but a second non specific thermolabile factor, which caused 
the lysis of the ted cells when these had been sensitized by the specific hsemolysm 
This non specific, thermolabile factor, which is jiiesent m aU normal, frc«h, unheated 
sera, was named alexine by Bnchner li « now generally known liy the name 
coMi;)Jemcnt employed by EhiUch 

The fundamental reactions that demonstrate the nature of the lytjc reaction 
may be briefly summarized as foHowa The defihnnated or eitrated blood of a 
suitable animal, such aa the sheep, is centnfnged, and the deposited red cells arc 
separated and washed several times in saline to free them from the last traces of 
serum The washed cells are then made into a 6 per cent suspension in saline 
The serum from some convenient animal — usually a rabbit — that has reccned 
repeated injections of washed sheep corpuscles and has m consequence produced 
a specific haemolysm to high titre, is heated at 56” G for 30 mmutca to inactivate 
the normal complement The fresh, unheated semm of some other animal, usually 
the guinea pig, is used as a source of complement ^Vhen these reagents arc mixed 
in various combinations, and the mixtures incubated at 37° C , the following results 
arc obtained 

(1) Bed cells + Hmmolysjn — >• No hicaiolysis 

(2) Bed cells + Complement — > No hemolysis 

(3) Bed cells 4- Hajmolysm + Complement — Complete htemolysis 

If mixtures (1) and (2) ate centrifuged, and the deposit and supernatant fluid 
examined separately for the presence of hxmolysm and complement, the following 
results will be noted, provided that the proportions of the reagents m the oiigmal 
QiixtuicB have been suitably adjusted 

(4) Deposit from (1) -j- Complement Complete hemolysis 

(5) Supernatant from (1) 4- R«d cells 4- Complement — ► No h»molysJs 

(6) Deposit from (2) + Hamolysin No hemolysis 

(7) Supernatant from (2) + Red cells 4- Hemolysm — *• Complete hiemoljsis 

Beaction {4} shows that hsmolysin has combined with the red cells m (1) and 

sensitized them to the lytic action of complement Reaction (5) confirms this by 
demonstrating the absence of hsmolysio from the supernatant flmd Reaction (6) 
shows that complement has not combmed directly with the red cells in (2) 
Reaction (7) confirms this by demonstrating the presence of complement m the 
Biipernatant fluid 

The controversy that arose between Bordet and his co workers on the one 
hmd, and Ehrlich and his school on the other, concerned the mode of union 
between the complement and the sensitized red cells As already indicated, 
Ehrlich’s conception ol the hiewolytic antibody was that of a special type of 
side chain, which he referred to as a receptor of the third order, or an amboceptor 
He endowed this hypothetical receptor with two haptopbore, or combining groups, 
one of which united with the red cell, and was named by him the cytopbilic 
group, while the other united with the comirfement. and was named the com 
plementophihc group Elirlich's conception of the structure and mode of action 
of an amboceptor may be represented is in Fig In the diagram, R C repre- 

sents the ted cell, and R one of its receptora , A the amboceptor, or hicmolysin, 
attached to the receptor of the red cell by its cytophdic haptopbore group Cy, 
and to the complement by lU complementopEihc haptopbore group Cm . Crepre 
t* B * 



226 TBE AhTIOE\ AVTIBODl nBACTIOHS 

6cnts the complement, ^nth jts 
baptophore group h, by winch it 
15 attachwi to the complemento- 
pbilic group of the amboceptor, 
anti e its ergophore group, id 
virtue of which it brings aboot 
lysis of the red cell, when nmted 
to it by the hsmolytic ambocep- 
tor 

Bordet’s conception of the 
action of the baimolytic antibody, 
which he refers to as the “ tuly 
glance senst^lualnee,” or sensi- 
tuer, IS essentially different He 
denies that the eensituer acts aa a link between the red cell and the complement, 
or that the complement ever mutes with the scnsitirer as sneh. He regards the 
combining afnmties of the bsmolysm as being directed entirely npon the red cell 
The complement, in his view, unites not with the ha?moIy8in, bnt with the com- 
plex, red cell -f hamolysin, or, to put it m another way, with the red cell as altered 
by umoa with the hajmolysin Bordet'a conception may be represented diagram ^ 
matically to Fig 4Un. RC represents the red cell , S the sensitizer or hamiolysm, 
which h^ muted with the red cell, and altered the pby*ical conditions at the nr* 
face , and C the complement, muting with the red ceU which has been so altered. 

It will be seen that the coutrovetsy can be narrowed down to the qvstion 
what evidence is there for the existence of a complementophihc group of the 
hanolysio * We have not space to present all the eipenaental data which have 
been advanced by each side in tom, nor the arguments which have been based 
upon them. It may, we think, be safely o^rted that Fhrhdi and his supporters 
have, m this respect, failed to substantiate their po«it!on, and that the weight of 
evidence strongly upholds Bordet’s view 

The qasnUtaUTe upecla of the muon heiween ?ed cells and bxmolTam beve been studied 
by many obeervers, snd tbe results recorded have been of the same general kind as those 
observed witb mi xtu re s of soluble antigens and the coirespsndmg anttbodie*. or with 
bactena and their homologous a^latmms. They are not compatible with the new that 
red cells and bjemoly'in unite m constant proportioos, in a firm cbenucal union They 
are compatible with the view that the union obeys the bws of on adsorption process — for 
instance, Bordet was able to demonstrate a reacbon analogous to the Panvsx pfenomcnoa. 
They show (see Muif 1909) that tbe red cell hsmolysut compound can be dissociated 
under certam conditions, though the dissociatioa is riot of tbe type that occurs on 
simple dilution of a dissociable cbesucal compound There is. indeed no reason to 
suppwe that tbe laws that determine tbe onion of a h.-emolysia with the specific antigcmc 
components of a red cell differ in any way Crom those that determine the unioD of 
precipitins or agglntuuia with tbeir corresponding antigens. 

Not all the antigemc groups on Ibe surface of the red cell appear to take part in the 
sensitizabon of the cell to the action of complement. Heidelbergcr, Wed and Treffers 
(1941) calculate Uiat.m a red ceU euspnisioD sensitized br one minimal hajmolytic dose 
of hsemolysia (see below) at most only 14 per cent of each cell surface is occupied bv 
antibodv A figure of the same order, 6 per cent , was tstiruatcd by Haurowilz and 
Yensoa (1943) 

The effect of electrolytes and hydrogen «» concentration on the union of hremoJjeia 
with red cells has been refened to cm p 211, in relation to the union of agglutinins with 
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bacteria. It may be noted (see, for instance, JIarU 1902. Topley lOn) that electrolytes 
in high concentration have an mlubitoiy effect cw the union of complement with sensitiied 
red cells, and on the resulling hremedyas. 

The effect of temperature on hiemolysis differs somewhat from Its effect on precipitation 
and agglutination, because we have an additional reagent to consider — the complement— 
and this reagent is thermolabile Union hetneenred cells and ha?ino]yBin occurs readily 
at 0® C (see, for example, Ueno 193^) At this temperature complement also unites with 
sensitized ted cells though verj much more slowly, but Ij'sis fails to occur o\cr any orditwiy 
period of observation, unless excess of baemoljsm and conij lenient w present At room 
temperature ly«i3 ocenrs hut so tlowlj that this temperatuTe is unsuifil L for i xj>cnm< ntnl 
purl OSes Tlie optimal temperature for h-wnolysis is m the neighbourhood of 37 C \t 
temperatures much above this the eomplenieut is inaetuatcd the raj iditj of mnctnation 
increasmg as the tcinpcmture la raised 

The problem of the titration of a hsemolytic scrum differs from that of titrating 
precipitms or agglutinins m that we are faced with three dependent xariables instead 
of two Out essential leagenta ore red cells, hsemolysin and complement Of 
these reagents, it is natural to keep our red cells constant, regarding as our end point 
the lysis of a specified quantity of red cells, in a specified tunc under specified 
conditions It is a common practice to use a 5 pci cent suspension of red cells in 
ealmc, and to employ some conxcnient xolume of this suspension, such asO fi ml 
m out testa AVe ha've two reagents left, bsmolysm and complement The natural, 

and usual, plan is to rary the amount of the reagent that we want to measure— 
the hsmolysiu — while keepmg the complement constant But here i\e meet a 
difficulty 'We can measure our reagents only in terms of their activity and thej 
are dependent variables, the more complement we add, up to a point the less 
hsemolyain we need, and nee versa We get out of our difficulty % making use 
of the kmd of relation that exists between our variables However much tom 
plementwe add, we need a certain amount of hemolysin However much Itemoly 
Bin we add, we need a certain amount of complement Moreover, the limit at nhich 
further additions of one reagent make no appreciable difference to the required 
amount of the other is not a high multiple of the mmima) dose So we define our 
units of measurement as follows 

The Mtmmal Harwiolyftc Dose {SI U D)oJ Acmolysm ts the sinallesl amount that 
uiH cause complete Ijsis of an arbUrartly selected amount of red cells, m the presence of 
excess of complement, in 1 hour at 37® C 

The Mxnimal Ilcemdltjtic Dose {MU D) of conpletnent ts the smallest amount that 
trill cause complete lysis of an arlntTanly selected amount of red cells, in the presence of 
excess of hemolysin, tn 1 hour at 37® 0 

In an actual titration we proceed as follows Ro first titrate our conij tement wLich 
must bo used fresb, adding vatyoag cWatioia of our cornplonient contammg Bcnim to 
muturea ofred cells and a Iivmolytic scrum of known titro A hrmoli-tie scrum, it tnai 
bo noted remauis stable over a eonsiderabte period of {j«k» In this titralwn un ow 
exceoa of haMUolj-sin eaj 5 or 6 Vf H D We note tho last tube that sbows coinpttle 
haimolysw, and this gives ws the "M n P of our complement Uenow dilute our comj le 
ment so that the volume we intend to u->v, commonly 0 5 ml . contims 3-5 M II P , and to 
a series of tubes we add 0 5 mb of our rwl cell suspension 0 5 ml of our diluted coini le 
ment, nml 0 5 ml of the haunoU-sin under test, tbo dilution of tli ' latter increasing from 
tube to tube ^Ufer 1 hour at 37® C we note the l«t tube that shows rompk tc haniolj «is 
and this gives us the M II D of out hsemolyan 
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The Ltsis of Bacteria. 

AltLoupfi we talL of bactenolvsms, sntibodK^ {hat h so l»cteru and bacfonci 
dins antibodies that kill them, the two effect* are not diGcrentia*ed in practice, 
and thonch we often talk of the hsctenolrtic titic of a fcnira it is the bactencidal 
effect that we actnallr raeasnre It is true that m manv mr^ances, as m Pfeiffer a 
classical eipeniaents on the 1ms of the cholera vitro, gross deceneratiTe changes 
m the bactena have been observed and Ihera is no donbt that those bactena that 
are susceptible to the lethal action of complememt in the presence of a epeciSc 
antibodv undergo a change in «trncttirc that is analogous to the lv«is of red blood 
corpuscles. The change is cot however, of the same dramatic kind , and the 
naked-tve observation of the changes in a tnrbid bacterial suspension is not a 
practical method of observing Lactcnolvsis. The principles mvolvcd m the reaction 
do not differ &om th(^ concerned in hsmolvz.3 and the method empIoTed in 
titration is essentiallv Eimflar 

A Tcry light bacterial tuspcnsion is emplcwed and the aeroia midB test afte» its 
natural complemeRt has been isactirated bv brat ts miard in uicrrasmg fUabest with 
a constant amount of tbe bactenal ^nspension and a constant amount of complement. 
The snrriTing bactena m the nniTaresara counted after Tarymgm erralibesomeenitabae 
cultural method and tb» behest dilntioa of eentm that produces a s.auacant killiageS^ 
IS noted. Tl» method contains tnaoe posable auoftes of Icchmoal error Geasco (1*99), 
for instaaro, drew attentv'a to the fact that bactena are a^hUnated as w^ as Ivaed 
bv a ■pecifie antssenua. and that Uus effect mav groatlv redu-e th* mtrsbo of coJoaxa 
in a plate count, smee a dump of bactena viD produce a engket^v Wbea tbe ormnal 
nuxtum an incubated for long periods bef«we pt«jT>e this effect will be coaa erbaliaced 
bv the mnltiphration of those bactena that have been acglutinated hot not LiSed , but thu 
posble source of eiror must be considered in estusaUng tbe sirmfieonn of aar ndBCtiaQ 
of the viable count over a *bort penod, and a contred m r t nn loctamiag the baetendvtu 
serum without complement must alwaps be xndcd*d in tbe test. 

It was noted br Ne,s>er and Weehsberg 0^1) ftat * marked pro-ione o’len 
occurred in tests of tLa kmd \ particular dOction of «aTiin znicht exert no 
bactericidal action wh3e a much htthe* dilution rv«a] cd in a complete billin g of 
the bactena. This phenomenon was «eiKd on tv the Kbrlieh «chool as an examn'e 
of the union of complement with free amboceptor, tbe hvpc’hesis bemgthat comple- 
ment united indifferentlr with all the ambocepto' present and that, when this 
was present m excess, chance would favour the union of all the complement, or the 
greater part of i* with the ambocep'or that was cot attached to bac*ena. We 
know, however from our eipenence with preapitation and agghitmation, that a 
similar mhibitoiy effect is produced bv a groat eicc^ of antibodv m reactions m 
which comp'ement plavs co part and it is dear that the use, m ba«etiadal torts, 
of very thin bactena! susperiMOns will favour the frequent occurrence of zones of 
gross antibodv eiee^ The \ci»i Wcch'berg phenomenon canno*, therefore, be 
regarded as affording anv “uppoit to the view that complement combines directly 
with antibodv 

A point of considerable importance in relation to the bactenodal, or bactenolyti'', 
reaction is that its oceuirenre depends in large part on the nature of the bacte-ial 
cclL Certam bactena «nch as the cholera nbno the tvphoid bacillas, and most 
Gram negative bacilli are rraddv killed and lr*ed when acted on br complement 
after sengtiration by a specific antibodv Other bacteria, such as the Gram- 
positive COCCI, are insusceptible to the direct killing action of anbbody and com 
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plemcnt And it should he noted that thw insusceptihihtj is not due to any 
failure of the sensitized cell to combine with complement (see Buxton 1905n. h, c, 
Jluit and Bronnuig 1900) ’ 

The Nature o! Complement 

M e bav c seen that complement is a non specific suhstunce present in all normal 
sera, and not jnereased in amount ns the result of immunizition It does not 
follow that complement h a single substance, or a single system Different kinds 
of antihoilies, for instance the antibodies acting on different species of red cells 
might require different kinds of complement all, or nmny of which might be 
present in nnj specimen of normal senim This question may be analysed into 
at lca“t three components (1) As regards one kind of Ij sis for instance that of 
red cells, is tho complement present in a gircn specimen of serum a single entitj 
or nro there separate complements corresponding to the different hemolytic anti 
bodies 1 (2) If only one kind of complement is concerned m hamol} sis is it the 
same, or a different complement wmch hnngs about the lysis of bacteria or of 
other organized cells ! (3) If the complement m a gi\ cn specimen of scrum is one 
and the same, irrc<pectiv e of the kind of cells which are 1) sed or of the particular 
antibodies which arc sensitizing them, is the complement m different sera and 
particularly in sera from diffcrcot animal species alwnys the same * 

This problem afforded one of the roost closely debated points m the long con 
trover^y between Khrhch and Bordet, and the question has been investtgated 
by many other workers Space does not allow ua to reproduce the arguments 
employed, nor the experimental ondence on which these arguments were based 
For this reference is best made to the original papers which contain interesting 
examples of the complexity of the hypothetical receptor apparatus employed by 
Fhrlich to desenbo bis cxpenmental results The provisional answers to these 
questions which arc, lo our anew, afforded hy the available evidence are as follows 
There is no evidence that more than one Lind of complement is concerned in 
baemol} sis 

The evidence strongly suggests that the complement, in a given serum which 
causes Jysis of one trpe of cell, for instance the red cell is identical with that 
which causes lysis of another type of cell, for instance a bacterium 

It 13 clear that sera denied from different animat species show qualitative 
differences in tlicir complcnjeDtary acimties , and the asailablo endence indicates 
that the differences are duo to both qnabtatis e and quantitatise variations in the 
components of tho complement concerned 

Accepting the view that there is little, if any, evidence in favour of the existence 
of a multiplicity of complements in the sense employed above it rcnnina to inquire 
wbether complement is a single chemical substance or is a name for a property 
of norma! serum that js dependent on a number of different factors Here the 
answer is not in doubt The complementary action of fresh unheated serum 
depends on the interaction of a number of separate components of which there 
appear to ho four ' 

Complement becomes inactive if the englobnlms are precipitated by removal 
of electrolytes The remaining fluid is inactive If the precipitate is removed, 
and dts-soUed in saline it also is inactive, but a mixture of the two fluids will 
cause bamiolysis of sensitized red cells (Ferrata 1907, Brand 1907 Liefmann 
1909, SkTvirsky 1910 Amako 1911, Gengoa 1911) The ' globulin’ t^chon is 
known as “ mid piece,” and the soluble olbumm fraction as end piece,’ because 
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rmd piece mules directlv wb stnatiied ceDs wbercas etui piece unilea «iich 
cells only in the pre.'^nce of mid piece In Minons complement fixation reacbons, 
mid piece is mainly absorbed, the greater part of the end piece being left in solution. 
Both mid piece and end piece are maetirated by heat. 

It has long been known that a sernm lo^ its complementary power after 
abeorption by reast Such a sernm is rendered actire afnim by adding eemm 
in which mid piece and end piece hare l>een destroved br heatmg to SC* C (Coca 
1914) This third heat stable componentis present in both mid piece and end piece, 
as prepared by Liefmann s method of mid peee precipitation by CO, (Whitehead, 
Gordon and Wormall 192o) 

Gordon, Whitehead and Wormall {1‘'263, b) demonstrated a fourth component 
of complement which la heat stable, bnt not absorbed by yeast It is specifically 
mactnated by treatmg the serum with ammonia TTiongh this component is 
necp'sary for the hjemolytic action of complement, it is not necf_siry for the 
complementary effect of normal semm in the opsomc reaction (see p, 23C) The 
exi tence of the fourth component was confirmed hy Deis_ler (1932) and many 
sub'equent workers. 

The demonstration of components bv imctiration with speeide chemicals must be 
viewed with caution for aetintr is associvted with proteins and agents which denature 
the proteiiw will also destroy complement The pesfubUon of a benzene inactivated 
component bv Tokano (1930) a diatrsable component by Chow and Zla (193%) and of the 
necessitv for ionized calcium (Ottolcngbi and Sion 1905) were probably based on obeerra 
tions of dcnatoration (•«« Jones and EcLer 1940, riDemer aind Edcr lOflu EcLer and 
PiUemcr 1942} 

Complement u most active at a pH of about 7 3 in the presence of phraologietl aaline 
Ita actmtT u pmgrtasivelr rrdacod bv increases and decreases of pH and tall eoneen 
tration. Its inactivation bv ranoos salts was stndied bv Gordon and Thompson (1933o h) 
who found tkit the actmCT of vanoos ions fell uto the general order of the Hofineiatcr 
8enc3(9CN >I>Br NO, >SO//2 >0“) Son)eofthe8altsprodDccdsreTer«ible 
others an irreversible martivation. It loses actintv lo a few davs at 0’ C and is a few 
mmntea at 5G C According to Wehmever (1941) the inactivation of complement at 
anv given temperature beta eea 4’ C and 5o’ C. proceeds like one nnimolecular reaction 
between 0° C and 37’ C andanolherbetweeoSO’CandSG’C. At the lower temperatures 
onlv ini 1 piece is bbile at the hi'^hcr both mid piece and end piere are labile end piece 
predominanth «o m the 30 -50’ C range the rate depends on the velocities of two 
ommolfcubr reactions 

Drv complement that has been kept for months is stiU active when reconstituted 
(Craigie 1931) FQtratian through a porceLun candb (Strong and Culbertson 1934) 
inactivates complement mamly bv retention of mid piece and end piece 

ilany attempts have been made to i:!oIate the components of complement 
(w EcLer and PiJlcaicr JW5) T2ie AS»ocas4ro& of raid piece actintr and end 
piece activitv with globulin ' and ‘ alb nmin ** fractions of •^rum is to a large 
extent lUu^ry for as PiUemer and Ecker (1941&) have ®hown, the electrophoretic 
patterns of both fractions show four distinct proteins, two of tho«c m “ globulin ” 
fraction differing from anv observed when normal gumea pig serum is analy-ed 
bj this method Inactivation of the third and fourth components has little effect 
on the«e patterns These authors propose the symbols O'!, C'2, C3 and C-i for 
the active prmciplea m mid piece end piece, thud and fourth component respee 
tively Bv carefully controlled method*, Fillemer, Ecker, Oncley and Cohn 
(1941) have isolated three fractions with high O'!, C'2 and Ci activity from 
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guinea pig serum C'l la a euglobolm containing 2 7 per cent carliobjdrate 
A muco eugloliulm fraction of caiboEydnitc content 10 3 per cent contains C 2 
audCi Tlie C 2 IS heat labile amt tlie C'4 relatirely beat stable According to 
PiUemet, Seifter and Ecker (1941) C'i is a carbohydrate, who5>e carbonyl groups 
are specifically attacked during inactivation by aramoni'i and other compounds, 
and which is normally carried by C2, the two forming a globulin carbohjdrate 
complex C'l accounts for 0 G per cent , and C'2 and C 4 for 0 17 per cent of 
the total serum protein 

5Ioie recently Ecket and his colleagues ha\e made a similar analysis of human 
complement Font components are present with properties analogous to the font 
m guinea pig sera C'l baa been isolated, and closely resembles gmnea pig C 1 , 
both have similar electrophoretic mobibties and sedimentation constants The 
carbohydrate content of human C'l was shghtly higher, 3 2-3 7 per cent , and 
so was the apparent laolectno point, pH 6 0-6 4 as against pH 5 2-5 4 In human 
serum, C'l constituted about 0 6-08 per cent of the total scrum protein Of all 
four components in the two species, only (ys was completely intercliaugeable in 
bsmolytiQ tests Human C'l and C'4 could replace the gmnea pig C 1 and C 4 
and gmnea pig C 2 could replace human C 2, but the conesponding converse 
lepbcements were either less effective or ineffective {Ecket, Pillemer and Seifter 
1943, Seifter, Fillemet and Ecker 1943, Fillemcr, Seifter, San Clemente and Ecker 
1943) 

Cemplecent ani Vltaolos. 

The relation of complement to ntAinin C has received much attention in recent years 
Tho reduced complement litres in guinea pig sera <Iiinn£ the ninter months (Tokiiuaga 
102^ Marsh 1936, Horgan 1936) suggests a dietary dedcicncy associated with a bek of 
green food In the guinea pig Hardc and Thomson (I93o) demonstrated on association 
between vitamm C intake and complement litres, Ecker, Pillemer, Wertheimer and 
G-odis (1033) and Chu and Chow (1933) » corrcbtion between complement and serum 
vitamin C levels The connection between the two tubstances may he in the enpaom 
of ascorbic acid to take part in redox mccbanisins m the blood (Ecker, Pillemer thrtiensen 
and ITertbeimer 1933) Ascorbic acid reactivates both compIenientdepnvedofitsCySancl 
complement inactivated by oxidatiOT, and increases the tilre of complement from scorbutic 
guinea pigs. JTevosjdjse, nhich oxulues ascorbic acid will reduce complement aclivity 
in litre, apparently by acting on 

Ontbe other hand, Zilo (1913) and Koch and Smith (1924) found high complement litres 
In scorbutic anunaU, and, like Heimcke (1934) and Kapmekand Cope (1940) were unable 
to demonstrate any rcHtioa between complement and ascorbic acid levels (see also 
Crandon, Lund and Dili 1940, Feller et at 1942) 

These results have been confirmed (Spink et at 1942, Agnew e( at 1942) in human 
subjects with low serum ascorbic acid the injection of ascorbic acid did not raise the 
complement titrc , nor was oxidation of ascorbic acid mth CuClj accomjjametl bv a 
reduction of the complement litre In gtuaea pigs vsnations in scrum ascorbic acid 
induced by diet were not reflected in complement litres Similarlv Ivodieek and Traub 
(1943) could not alter eoraplement levels inanv significant manner by a ana lions of ascorbic 
acid intake in guinea pigs , they suggested that since there was a wide nonnal vanation 
m complement litres, previously observed associated vanation in the levels of the two 
substances may have been fortuitous Sroreover, the in n(rp baetencidal power of human 
blood w as not altered by an Increase or dccriase of ascortiic acid (Spink, tgnew, Mickeben 
and Dahl 1942) 'These authors, however, noted differences betiiceii the cfliracy of 
synthetic ascorbic acid and native vitamin C. and the discrcpaucirs mav perhaps ilcjwd 
on the action of siibstmces associated with latrte vitonun C The vitamin u certainly 
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among the redncin'^ agents that reaetirate oxidized complement and there appesire to 
be a vanable relation between the twot whose nature w as yet obscure 

The hypothetical dietary defiaency in ccsnplemcnt poor guinea pigs associated with 
lack of green food may conceivably be a Titamm K deficiency, for Busing and Znzack 
(1^3) report a marked correlation lietween the complement litre and yitamm K intake 
m the young chick. 

Complement tn Other Animals 

The greater part of the work on complenient has been concerned with guinea p g 
serum The quantitatire and quahtatice ysnations in complement among different 
species of animal have receiced bttle study Shnglcy and Irwm (103") foopd no associa- 
tion between La;molytic and bactericidal activity m guinea ptg sheep of rabbit sera 
but noted a wide species variation of both Eeker, PiDemer and Kuebn (1043) fractjonaled 
the sera of man dog eat guinea pti* monkey, rabbit and sheep and found wide species 
diff rences m the effect on opsomc powers of measures designed to maetiTSte or remove 
each of the four componenta. No generalization about complement litres m laammaN 
IS possible without •pccifymg the componenta present and the method of measuring the 
complement — e q bactencidal or hsmolvtic — and it must be remembered that in aH 
cases the titre is determined by the amount of the least plentiful component- In h uman 
sera, for example it is 0*2 (Hegedus and Greiner IflSs Heiddbeiger and Slaver 1942) 
and to some extent CS (Dozou Seifler and Ecker 1944) blouse serum, which has no 
complementary actinti beks 0*2 (Brown 1943) 


(^jinplemeot Elzation. 

have noted that the absorption of complement u a general property of 
bacteml celU that hate been «ensitued by a specific antibody, thongli some 
bacteria unde^o ly«is os a result of this absorption while othen do not That 
complement fixation apart from the observation of any rtsidtmg change in the 
bactenal cells could be used as a general method for the detection and titration of 
specific antibodies was first demonstrated br Bordet and Gengou (1901) In these 
experiments a su<pen.iOD of a given bactennm was allowed to met with a spectfie 
antuenim in the presence of complement After time had been allowed for the 
reaction to take place red cells and a <uitable dJntion of hsemoivsm were added 
and the mixture wa« menbated a^ain for 1 hoar at 37® C It was found that in 
these circumstances no ly«i3 toot place, showing that no free complement was 
present and it was reasonably inferred that it bad been absorbed bv the bactennm 
sensitizer complex 


The reaction may be summanzed as follows 

(o) Bactem -f- Sensitizer + Complement = Fixation 


i/ 


(6) (a) Bed Cells -|- Hsemoly«in= hmmolv«i3 


It will be noted that (b) is simply an indicator reaction. It has no connection 
with the fixation of complement by the sensitized bactena That reaction has 
already occurred m (oj 

Dsing this te chni que Bordet and Gengoa demonstrated «ensiti 2 ers for Pa^ 
pestis B atUhraeis Salm tifphi the bacillas of swine plague and Pro/eia riif^ns 
in the coTTespondmg antisera. 

The following year Gengou showed that the same phenomenon occurs when 
soluble proteins are allowed to react with then specific antisera in the pre«ence of 
complement He demonstrated «pecifie complement fixation, using as antigens 
cow s milk egg white, horse fibrinogen and heated dog semm and as antibody m 
each case the serum of a rabbit which had been immunized a<^inst the eorre- 


spondmg protein 
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It thus became clear that comjJement fixation was a general reaction liable 
to occur when any antigen was allowed to react with its specific satibodj* m the 
presence of complement 

The study of the relation between complement fixation and precipitation has yieldc 1 
results of great theoretical importance Gay (I90o) showed that the precipitate formed 
by the interaction of an antiserum with Ibe emrespondmg antigen frequently had the po ver 
of absorbing complement This suggested that precipitation and complement fixation 
might be two aspects of a single reaction Jlmr and Slartm (100G6) found that although 
there was a close correlation between precipitation and complement fixation the correlation 
was not abwjlute They showed tbat eomj^ement fixation might occur in the absence of 
precipitation and that in the presence of a constant amount of antiserum there was a 
particular atnount of antigen that gave maxunal complement fixation while amounts 
iDQch greater or much less than this might fix httle or no oompfement 

Dean fl012) elucidated the cause of these earher discrepanc 's In constant-antibody 
titration series he found that mixtures givmg maximal complement fixat on containwl 
less antigen than mixtures giving maxima) precipitation in the one antibody was in 
excess m the other antigen was in excess He showed also that complement n as fixed 
m the early stages of precipitation before visible llocculi had fonned and concluded 
that fixation was ma x imal in sloa ly aggregating mixtures of antigen and antibodv where 
the relative petsisrteuce of small aggregates ensured a large total absorbing surfaec The 
two maxima ivere not due to the reoettona of diflereot aotibod es but were differei t 
seoondaty results of a single antigen antibody reaction Goldsnorthy (IBIS) coaRnt ed 
these results but shon-ed that the rebtion of the maxuoal complement fixing and pre 
cipitating mixtures described bj Dean were detenmned by the particular system he used 
With slowly reacting antisera the maxmial fixing mixture coincided with the optimal 
ratio , with rapidly reacting antisera it was in the region of antibody excess The deter 
mining factor appeared to be the exposure to complement of a maximal absorbing lurfaco 
of antigen antibody particles for the maximum period Later studies show that there 
IS no constant relation beta een the point of maximal fixation and the established reference 
points of constant antibody titrations. With an ovslburom system the point coincided 
with the equivalence ratio (Haltaner and Maltancr 1910) with pneumococcus earbo 
hydrate Goodner and Horsfall (1936) found it equal to tbe ratio for maximal precipit-i 
lion in tbe antigen excess region Rice and Sickles (194**) and Rice (1943) m a more 
exteiuive study of the pneumococcal carbohydrate system record a close rehtion between 
the ratio for optimal fixation and the antibody coutent of the serum and note that the 
ratio usually falls m the region of antibodv exwsa Apparently the size of tbe antieenic 
particle employed appears to affect tbe ratio Both Spooner and Binden (1935) and 
Platt (1936) working respeclivelj nilh tobacco mosaic riros and pneumococc) founl 
the ratio in the ant gen excess region Tbev also noted that tbe ratio was higher with 
low than with high serum concenlmtions According to Platt the result is due to tho 
fact that with a particulate antigen the complement-absorbing surface is deUrmuicd by 
the concentration of antigen and a large number of cocci sub optimallv seas tized lor 
aggltttmalion would absorb more complement than fewer fully sensitized cocci 

The Role of the Components m Fixation 

During the fixation of coinplenient very little protein is remoicd from guinea 
pig serum. Haurowitz (19t0) foniul little was added to the Trei;.ht of specific 
precipitates formed m its presence Hieidelbergec {1911) estimated that 0 25-0 40 
ingm, per ml of complement protein mainly Ci was added to specific precipitates. 
Similar proportional weights are added wlen li®mo)ytic antjljody combines with 
washed red-cell stromata (rieidelberger and Treffers 194!) In the sheep red 
cell htemolytic system from 3 to 7 molecules of O'! were fixed for eicry molecule 
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of hemolytic antibody according to the imtulcoucentiations of the vanoos reagents 
(Heidelbcrgor Weil and Treffers 1911) The regubntj of the molecobr ntio in 
apTenrvstem and the fact thatC lj»inexce^ofh®molr'in proinde^. quantitative 
confirmation of the view that the action of complement is not enmnic. However 
Haniowitz and Ytnson (1313) in confitmuig the quantitative finduif^ of Heidel 
berger and his colleames estimated that wl ile the complement required for hemo- 
lysis if spread in a imimolecnbr film on the sniface of the red ^1 would cover 
6 per cent, of it the amount of saponin or oleic acid required for non-'pecific 
lysis of a red cell was over 1 000 tunes the amount required for a complete uni 
molecular film In their view the high actintv of a «man amount of complement 
sug«^ ted an enzymic nature It chonld he noted that heat mactivation of 
complement does not de'troy all its combining powers (Heidelberger I9tl PiUemer 
Chu Seifter and EcLer 191“’) 

B\ testins the eompltmentary actmtv of all pos. ble recombinat ons of the various 
fractions and tnisturea of fractions of gumea p g oomptemeat PiUemct lifter and Eckcr 
(I'M*) have shown that C 1 is not the only eofnbming tomponent of complement C’4 
and C2 are algo fixed but contribute tittle m the absence of O'! O'! and C ^ are fixed 

ID the absence of C3 and 0*4 («ee aLo Leno 193>) IJtUe 173 is fixed 1 ut this acts m a 
manner sun Isr to a catalv t to produce the comptementarr effect h*molr^ ) on 
svstems mth which O'! and Ct have combined 

Mitb human complement, thev found the fixation of C"* and C^vaned with the nature 
of the bactenum emplorcd as antigen In the al>scnee of Cl or C4 verv htile fixation 
occurred In the B>>sence of O'' 0*4 was fixed lo large amcrunts, and in the alisence 
of C3 both (^2 and C'4 were fixed Tbe infinence of tbe different components upon 
fixation of others was. as in the guinea p eonouslv arb trarv As with guinea pig com 
plement, aU four components were ncecsaiy for the two specific complement effects, 
iyais of aea» tized red cells, and death of sea. (izcd bseteru Neither purified O'! and 
C”' nor fnct ons coutsining C3 or C'4 were active alone thou b if fixtd to tbe ccU 
thev were active on the subsequent addition of tbe remxmmg eompooents Dactencidal 
and hsmolvtic power of smzie components and of vanoos mixtures ran exactlv in paraUeh 
indicating a ek«« (isulantv of action on tbe leepective ceU surfaces (Dozo s, filter and 
Cckec 1943 1044 lifter Dozois and Ecier 1944} 

The nature of the fixation la «till in doubt. Heidelberger Weil and Treffers 
(1911) «u<^«t that complement -coml ining components differ from normal globulin 
in bemg able to form loo«c dissooaWe omoiis with antibody molecule* and that 
these umons ate stabilized when the components are surrounded bv antil>ody 
molecule* in «pecific ant^en antibody agrregatca. In. <**€3 where excess of the 
component combines in presence of minimal amounts of antibodv a similar loose 
combination with antif'en i. po-tnlated. 

Complement is inhib ted bv vanoos ant coagobuita but they appear to act by reason 
of their acidic or has c nature or of their brge molecular size and their action does not 
indicate an immediate connection between coagulatum and complement (Wadsworth 
Slaltaner and Jlaltancr 193" Ecker and RDenier 1941) For example C2 and C'4 art* 
unstable in acid solutions which at the same fnne depress the tonization of calctom nece* 
sarv fer coagulation (PiUemer and Eckcr I'ma) again, the action of hpoid solvents m 
redaong complementarr activitv mar beattnboted to their independent action on hvdrated 
complement for the dehvdrated comjJnDMit mav l>e extracted by alxthol and ether 
without loss of activitv on reconst tation with, water (Eckcr rniemer and GrabOl I'^s) 
The tanning aeent sodium hexametaphosphate inactivates complement api«arcntlj bv 
an alteration of t! e groups on which the act vrtv depends, as a result of combination 
with the basic grtraja of the proteins concHsed (Cordon and Atkm 1911) 
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Opsonms and Bacienotropms 

AVnglit and Douglas (1903, 190-1) named and described the opsonms — tLenno 
labile, relat;^ely non specific substances, ocenmog m nonual serum, actin^ on a 
variety of bacteria and lendenng them liaUe to phagoc 3 ^osis by leucocytes 
Neufeid and Rimpau (1904, 1905) named and described the lacleriotropins^-ihermo- 
stable antibodies occurring in the senim of iramunized animals, acting specifically 
on tbe bacteria against which the animals had been immunized, and rendenag them 
liable to phagocytosis 

The mode of action of tbe bactenotroping is clearly analogous to that of the 
precipitins, ogglutmins and lysms lale these antibodies they are relatively 
thermostable Like them they omte specifically with an antigen carried by the 
bacterial cell We can safely assume that the anchoring of the antibody globulin 
to the antigen alters tbe condition at the cell surface in such a vray as to make it 
easier for the leucocytes to engulf the bacteria, just as it makes the bictena salt 
sensitive, and, in certain cases, renders the cell membrane more permeable It 
would appear that one important factor u, a lowcnng of the negative charge and 
hence of the difference m electncai potential between the bacteria and the surround 
mg fluid 

Falk and hlatsuda ( 1923) found that aUerations in the charge esmed by pneumococci 
indnoed by the addition of lantbanuoi nitrate or sodium oleatc bad a striking effect on 
tbe pbagoeytosia of tbe«c organisms and Broom and Brown ( 1030) were able to decrease 
tbe phagocytosis of staphylococci previou'ly sensitized with serum by yreventuu; the 
usual reduction m surface charge by tbe addition of potassium ferrocyanide LIudd and 
othera (1029) studied the changes induced by specific antisera in four strains of aoid fast 
bacilli They foimd that sensitization (a) increased tbe cohesiveness of tbe baciUi , (6) 
decreased the electric charge as evidenced by a decrease lu velocity of cataphoresis , 
(c)decTeasedtbe ' wettability ofthebacflbbyoi) asevidenced by their distribution atan 
interfiice betnecn tncapnii and normal eatioe, aad.(<f) mcreased their susceptibility to 
phagocytosis 

Bacteria may Ixs opsonized by non specifio substance* tanning agents like gilJotannic 
acid (Pciner and Fischer 1020 Reiner and Jvopp J£k20) taanic ncid {Freud lO'^O) and 
alum, cliponie and ferric silts fNeufeld and Etinger Tulcvtnska 1929) Gordon and 
Tliompson (1936) and Gordon and Alkin (I93S) made a sViteniatic studj of tbe artificial 
opsonization of Salm lyphi and Staph ourca* "MetiUic tanning agents appeared to 
act by combination with carbosyl groups, the vegetable taniuns with the ba'ic gronjis 
of the bactenal proteins The two orginimis differed in their suseeptibilitv to certain 
agents , Staph aureus perhaps bi virtue of havn^ on its surface more acid» groups 
than Salm Ijpht was more susceptible to protamme a hij-bly basic irotcin These 
authors noted that while potassium ovalate and distilled water reversed opsomzition, 
opsonization by specific eeium was mere difficult to reveree 

There remams tbe problem of tbe relation of tbe normal opsonins of 44 npbt 
andDouglas to the bactenotropma of Nenfeld and Rimpau In their tiiermolabilitr 
the opsomns resemble complement , and their identity with this serum constitce”: 
seemed at fii^t to be rendered probable bj tbe observation of 3Iuir and 3[s'*m 
(1906a) that sucb complexes as red cell» and IiaeraoIy®in a protem antigen snf ts 
corresponding antibody or bacteria and a specific antibacterial serum, all ren -td 
the opsonin from a normal serum at the same time as they removed ll-* com- 
plement The observation of Jleufcid and Hune (1007) that absorbicg a » “mal 
serum with yeast bad a similar double effect seemed to point in the sam-* 

But ttiere were difficulties in this simple conception The normal 
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do not show the same stnct 'pecifiaty as the bactenotropms — normal unheatcd 
«crnm promotes the phagocytosis of a mde I'anety of nntjgenically unrelated 
bacteria — but from the first there iras cndencc that suggested the presence of 
specific factors of one hind or another Thos it has been the general eiperi 
ence that the ®erum of any one person vanes m its opsonic effect on different 
bacteria that the sera of different individtials may «hoi7 striking differences 
when tested against the same bactennm , and that any one person mav show a 
1 anation m the opsonizing power of his <eram for a particular bactenam, especially 
as the result of infection with that organism or of artificial immunization ^ ana- 
tions of this kind have been studied eitensiiely by TVnght and his colleagues 
('ce Wright 1909) Moreover, ciidencc pointing in the same direction was obtained 
by tn ntro experiments Bulloch and Western (1906} succeeded m removing the 
op<sonic power of normal serum for particular bactena by selective absorption- 
Other workera were unable to confirm the^ re«ult3, but the careful studies of 
Hektoen (1903) on the normal op«omns acting on the red blood corpuscles of 
different animal species afforded strong support for the correctness of Bulloch 
and Western s contention 

The explanation of the«e anomalous findings would appear to be m the fact 
that the opsonic effect of normal senun resembles its h'vmolytic and baetcnolytic 
effects in being dependent on both antibody and complement Chapio and Cowie 
(1907) showed that normal serum may have its op«onie power for n staphylococcus 
remored by ahvirption with that organism in the cold but that sueh absorbed 
serum may still have the power of reactivating normal «erum that baa been m 
activated by heat The cocci that have been o«ed for absorption when washed 
and resnspended in «aline show little if any increased snsceptibilitr to phagocytosis 
m the absence of enheated serum Later (Cowie and Chapm 1907) they showed 
that normal scrum loses almost all its opsonic power when diluted fifteen times 
with cahne If, however, such dilated serum is added to another sample of «emm 
that has been inactivated by heating at 55“-fi0* C for 10 minutes the mixture is 
almost as active in promoting phagocytosis as was the ongmal onheated, undQnted 
serum It would appear that normal sernm contains «peci£c «eaatizing antibodies, 
present m amounts so small that they ate ineffective in a dilation of 1 15 or more 
Even in undiluted «erum these antibodies are unable, by themeelvcs, to alter 
the bacterial surface sufficiently to promote phagocytosis , but when complement 
13 adsorbed by the incompletely «eiisiltzed bactena the necessary change in surface 
conditions is produced It would seem also that complement is not without effect 
on the action of the bactenotropms , for C Dean (1907) has shown that the action 
of a heated antiserum is increased bv the addition of a little unheated normal «enim 
Sleeswijk (1908) has confirmed Dean s results, and concludes that sensitization, as 
a prelimmirv to phagocytojs, is primarily dependent on a «peciBc antibody 
When this antibodv is present in adequate concentration it cm prodnee its effect 
m the absence of complement though added complement mar enhance it When 
the antibody is present in very small amonnt complemenl is neccasary to induce 
adequate sensitization. (Sec also Ward and Enders 1933 ) 

It js of mterest to note that the action of com^denieot in opsonization appears to 
differ in some wav from its action in hsemrdms . since as Gordon, UTiitehend and M ormall 
(192C6) have shown the addition of ammonia renders complement inactive as a hiemoivtic 
agent but removes none of its opsonic actmtv x 

Gordon and Thompson (1933) inactivated complement by ammonia, Conco red ncid 
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alkali and hypototuc solutions and certain sodium and potassium salts In cacli case 
by adjusting the conditions of treatment it was possibks to destroy the liairaoNtic activilj 
Without loss of opsomc actinty Thej concluded that the opsonic system differ^ markedl> 
from the complenient sjstem ^filtaoer {I035i suggested that ammonia treated serum 
ofSQQized because the fourth oompcwieat ’•ras sopited by the leiicocytts employed su the 
opsonic miiture Gordon (1937) eonfinued 3IalUners ohterrations but maintained that 
the ojeonm iras not closely related to complemetit since specifically sensitired red cells 
that hare absorbed from ammonia treated serum all the components of complement 
excepting fourth component are not lysed in the presence of ieucocyte” a «ouree of fourth 
component. 3t is pcssible, howeter on the basis of these expemneDts to conclude lint 
nil but the foarth component is concerned in opeomsation, especjall} since PiUenicr 
Seifter and Ecker s demonstration (IW^) that no hswuolrsjs takes place unless C 4 is 
fixed previou^Ie or simultaneously with Cl On the other hand the expeiwnents of 
Ecker, Pdlemer and Kuehn (1912) clearly demonstrate the lack of any constant 
association ta the sera of a number of mammals of opsomzatiou with ono or other 
of the four rcct^mzed components of complement 

Ecker, Wciaberger and PiUemcr (1942) and Ecker Pdlemcr and Kuehn (1942) measured 
the opsonic action of Urge number^ of s^ra from vanous mammals on stapbilococci 
both alone and m conjunction with atapbjlococcal antibody (bictenotropm) In general 
tnistures of heat labile opaotiin and specific bactenotropin had less opsonic activity tUin 
either acting separately There was no enbancenient of opsomc actmtv except with 
neak concentrations of opsonin and antibody Though there was no relation beti cen 
opeomc power and haimolvtio complement titre in any of the species studied yet the 
processes uiacbvotiog complement also reduced opsomc power All the noimsl opsonms 
V ere heat-Iabile , those of the guinea pig monkey and siteep n ere inactivated by ammonia 
those of the monkey and sheep by absorption nith yeast The opsonic powers were 
vanously distributed lietwcen mid piece and end piece Dictions itud piece predominating 
markedly m man and guinea pig and moderately m monkey and cat httle la sheep and 
rabbit la the dog neither fraction was opsomc but a mixture of the two wsa 

The observation of Gordon and Thompson (1937) (hat protamine could opsonize 
bacteria, l-*d Gordon and Atkin (1939) Co test globio Globui occurring nsturallv m the 
body as hmntogbbin is a distinctly basic protein forms salts with acid proteins like cssew 
and proved to be a good artificial opsoms This observation not only offers a possible 
ortalogp for 3 sa tarsi opjonin but chsrij ehona that body proteias other then those 
known to be compoaents of complement can act as opsonms 

The quantitatne measurement of opsomc or bactcnotropic action is a technical 
problem of great difficulty The system is a very complex one incladiag living 
phagocytic cells the uniform distnbutioQ of which is exceedingly difficult to ensure 
It 13 impossible, even when the tubes are rotated by one of the \ anoua mechanisms 
that have been devised, to obtain results of the same order of accuracy as m the 
precipitin agglutination or hsmolylic reactions (see for example Hanks 1940) 
In the method employed by TTnght and fcis colleagues serum leucocytes 
and bacterial suspensions are nused m capillary tubes and incubated at 37° C 
for 15—30 minutes Their contents are then expelled on to slides Films ate 
prepared and stained and the bactena contamed in the first 50-100 leucocytes 
encountered are enumerated The relative opsonic effect of two ®era is expressed 
as the ratio between the numbers of bactena taken up under their influence by 
the same number of leucocyte* As might be suppc'cd the experimental error is 
a high one (see Greenwood lOlS) An jAteraatwe method suggested by Klein 
(1907), 13 to fix on some particular degree of phagocytosis as an arbitrary end point 
and to dilute the serum under test until this end point is reached , but it seems 
probable that the experimental error will still be large 
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The has rewntlr been renerd br Hnddfeson and ha ce^leapie* (1933) as the 
opsono-cvtophagic reactwn and n^ed as a measnre of the iminane rr<pons»* in brnceHa 
infections and pertossw No 'attempt u made to meanue a pecise ratio of control and 
te^ ojsonic effects, but bloods are arbitranlr craded acccnlm" to the nninbcr of bacteria 
ingested br a °tandard number of leneocvle* 

The Toxm-AnhtoTm Reaction 

This reaction hardly falls into the same cjite^oiy a. tha-e we hat e b«n consider 
mg since the titrations are earned out in ciro There is, howercr, no doubt at 
all that the neutralization of toxin br antitoxin depends on tie same facto’'«, and 
IS goremed by the same laws as anr other antisen antibodr reaction , and we 
have “een that when toim and anbtoxm are mixed m the test tnbe ®peciSc pre- 
cipitation occurs It u convenient to discass in this chapter «ome of the pecnlianties 
recorded m the in riro te^ since manv of the<« were noted donng the pioneer 
‘tndies of Ehrlich (1697) on the standardization of diphthcna antitoxin and «o 
formed the basio of tie controversv in regard to antuen-antibodr reactions in 
general 

The starting pomt of anv method of *tandardiration i» the definition of units 
of roeasnrement When the-e tmits hare to be defined in terms of «ome in oro 
reaction the reuniting inea«ureroents are bable to errors of a kind different from 
tho«e iniohed in i»* titrations Tbe=e errors and the wavs in which thev 
can be avoided or allowed for are dt^cn^fted m Chapter 43 For the moment 
we are concerned only with the general nattire of the quantitative re<tilts that have 
been recorded. 

The fir«t reagent to which a unit was assigned was the toxin. This nnit, the 
J/iiiinHl LetJal Ihtt may be defined as follows 

TUiIimmalLet}<ilDof{5IXD)ofdiF'Oenatonnt$OeJt^'tam<funtt!alKiU, 
ontfearfnge iif/o pij o/SoOjm ireij/t iritl in 95 ^ours a//ers*jieutan«u» 
inoevlo/ton 

Ehrlich (1S97) defined the tmit of antitoxm in terms of the LD as He ttnaUtti 
amount cf anittoTtnlfaiiciUneu'rali^ 100 iUj-D o/Iotih This left the M LJ) as 
the fundamental tuut but it was soon discarded. Toxin on storage or on treat 
ment with a vanety of phj^cal or chemical reagents, has a tendency to lo«e its 
tonatv while retaining its combining power for antitonn. It is converted into 
toztnd Lnder the^ conditions the definition of a unit of antitoxin, \.U , m tenns 
of the number of LJ) of toxin that it will nentrahze cleailv becomes imp<^ible, 
since no nandard stable toxin can be pre'erved- An antitoxic '‘cnun, when dried 
in caaio and sto’rd at 0’ C remains stable over Ions penodi of time, and hence 
pro«des an excellent standard of reference Ehrlich « ongmal antitoxin has been 
adopted as an mtemational standard, and the correct definition of a unit of 
diphthena antitoxin is as follows 

One unit of DtpIU^na J V J w contained in Oat amount of antiloxxc 

tfTum if at fas He some Mai combining capacity for form and toxoid tog^Her, as tme 
unif of Ehrhcf s onginaj arUitoxin. 

The fact that one mat of EhiLcIis ongmal antitoxm happened to neutralize 
100 ilJJ) of the particular toxic filtrate with which he was working has now 
only a histoncal mtere^t The units of other antitoxins are defined m a sjnflar 
way «ome particular specimen of the antrtoxie «enim in question being selected 
as an arbitrarv standard again t whicE all 'wb-equent «aiaple3 ate tneasoied. 

The actual procedure con’irts in fir«t determining the quantity of a given toxic 
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filtrate that is neutralized, or neatly nentialized, by one unit of the standard anti 
toxin, and then detennuuag the amonnl of the antitoxic serum under test that 
mil neutralize, or nearly neutralize, this amount of toxic filtrate This amount 
of the antitoxic serum \rill contain lAU Since the two tests are performed within 
a few days of one another there will be no significant change of toxm to toxoid 
durmg the intct%al, and the proportions of the two reagents m the toxic filtrates 
will remain constant 

This method of titration led to the defimtion of two other doses of toma — 
“ toxin ’’ here, as in the ca«e of the M L D , rdemng la practice to a toxic filtrate, 
containing both toxm and toxoid 

The Zamex l^ vl (i,) dose ofdx^tJieria toxin u tie largest amount of toxin that, tihen 
mixed trifA one unit of antitoxin and injected subcuianeousbj into a gutnea-jng of 
250 gm might, tnff, on the average, jire n<e to no obsened reartioii 

Actuall} , the L# do«e is usually recorded as the dose that when tested in this 
wav, gives rise to a minimal local oedema 

The Limes Tod ( 2-4 ) dose of dtjdilhena toxin ts Uie smallest amount of toxin that, 
tchen mixed uid one unit of antitoxin and injected suicutaneouslg into a guinea 
prg of 250 gm tretght, tetU, on tie average, lilt that guinea pig icithin ninety «ix 
fours 

Other dovis of toxin, determmed by other methods of testing, have been defined 
m terms of their combining power for antitoxin, and are now commonly employed 
for standardization purposes {«ee Chapter Cl), but the relation between the 
L« and do^cs is the matter that concerns us here 

If toxin combined with antitoxin is constant proportions ginsg firm cheoueal 
uuoa it would be expected that 

Lftoxm Lftozin « 1 M L D 

In fact It does not The dtilercnee between the 'ind the L» dose has been 
found, with difTercnt toxic filtrate*, to vary from 10 D to 100 M L D or more 
Ehrhch attempted to account for this phenomenon, to which his name has often 
been attached, by poetulating the existence, in toxic fitmtea, of a special modification 
of toxoid, tpilozotd, haTiog less a&uty than toxin, or unmodified toxoid, for antitoxin 
Oxer the range between and doses he assumed that the additional toxin added merely 

displaced epitoxoid, and that only when all epitoxoid had been displaced from its union 
w ith antitoxin did the added toxm remain boo to exert its lethal effect Whether toxoid 
differs from toxin in ita aESruty for antitoxu, or whether varieties of toxoid exist that 
differ from one another m this respect, we do not Imow with any cerUuity Since we 
have many reasons other than the observed difference between the Lg and the L+ doses 
of toxic filtrates for discsiding the hypothesis of chemical umon m constant proportions 
between aolJ^eo and aotibcidy, wo are not faced with Ehrhch s dilemma, and have no 
need to postulate the existence of epitoxoid, or of any of the other special vanetiea of toxin 
and toxoid that he evolved to explain the results ohserved in his later studies on partial 
neutralization 

These *tu<iies, and those of many Bubsequenfc observers, made it clear that, 
when tarying amounts of antitoxin are added to a constant amount of toxm, the 
curve of neutralization is not Imear, asit wonid be if we were studying the neutraliza 
tion of a strong acid by a strong base (See Arrhenius and JJadsen 1902, 1904, 
Arrheniusl915,TonKroghl9U,GleniQrrt«l 1925) The ob»etved departure from 
linearity is not peculiar to d^hthena toxin and antitoxin, but is characteristic of 
toxm antitoxin reactions in general (see, for instance, Burnet 1931) , and, as we 
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have seen, is equally well exemplihed by the results obtained when studying the 
absorption of any antibody by any ant^en 

\\e ha\e already discus'ed the Danjsz phenomenon (p 216) It was fet 
observed in mixtures of diphtheria toxin and antitoxin, but a «iini!ar phenomenon 
has been shown to occur m other antigen antibody reactions, and analogies ha\e 
been drawn with chemical reactions of other kinds Sfonyama (1937), for instance, 
noted that the precipitatmg effect of tannic acid on proteins vanes according to 
the way in which the reagents are mixed He was able to ehcit Danysz effects 
in urease anti nrea«e and non antincm systems when tannm replaced the specific 
antibody m the systems He attnbnted the effects to the capacity of the complex 
proteins concerned to form several quantitatively different compounds accordmg 
to the proportions present at fir«t mixing — compounds which, being incompleteh 
reier=ible, do not contribute to a redistribution of two reagents when more of 
one reagent is added Fappenheimer (1942), in a recent review, pomts out that 
both the discrepancy between L, and do«es of diphtheria toxin and the 
Dany«z effect can be adequately explained on the assumption that toxin (T) and 
antitoxin (A) form compounds varying in constitution fromT^A toTAi (•«eePappen 
hcimer Lundgren and Williams 1940) In the neutral mixture, the average 
compo'ition of the complexes maj be TA, The addition of an exce«s of T would 
re'ult in complexes TA and T,\. and only with toxin m marled excess would 
enough be left free to loll the guinea pig Similarly in the Dsnyxz effect , the 
first fraction of toxin would form slowly reversible complexes, lile, for example, 
TA and its polymers, leasing losafilcient antitoxu for enion with the remamder 
of the toxin added later 

The state of toxin and antitoxin in over neotralized neutral and under 
neutralized mixturrsof tbc two has been studied by Eagle (1937), who precipitated 
toxm hor«e*aDtitoxu mixtures with an antiserum to hor«e globulin. Aaxnnung 
that free toxm was not earned down in the preapitate, Eagle was able to show 
that antit oxin unites with excess of toxin to form a tone complex, and toxm with 
an excess of antitoxin to form a complex with «ntf/oxic properties Only m one 
proportion was & precisely neutral complex found. Here again we have recorded 
analogoos findmgs in the reactions of other antigens with other antibodies. This 
phenomenon is more readily expbcable on the ad'orption hypolhe«ia than on the 
theories advanced by Ehihch, or by Arrhenius and Aladsen. 

Other HaniresUtlons ot the Antigen-ADtibody Reaction. 

The addition of antigens to antibody even m optimal proportions is not aliravs fuUowed 
by a visible precipitation Either of the two reagents niaj be too weaUv reactive or 
too dilute The classical method of detecting the onion of antigen and antibody m these 
circmnstances is by the complement fixa twwi reaction (ace p 232) , but the reaction may 
be nude ataaifert by other less ^borste mesas. The seositinty of the ranoas 
flocculation tests for svphihs (see Chapter 81) is doe to the addition of agents such as 
hpms which shift the precipitatmg syslem more to the hvdrophobe state Again 
drea may act both as sensitizers and as indicators m precipitin reactions For instance 
Dean (1937) m a study of non specific precipitation of protems by the electropositive 
dye isamine blue, found that appropriate dilntimts of the dve added to coiutant-aniiLodi 
titration senes markedly merrased the sensibvity of the titration , Berger (1943) made 
use of Janus green and \ ictona blue fw the same purpose m the floccuhtion test for 
syphihs Cannon and Mars hall (1940), taking advantage of the fact that the arncunt 
of antibody required for the surface sensitizatum of large particles- is smaller than that 
required for the surface sensitization cf the same bulk of material in a more finely divided 
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Btatc (seo Zjnaser 1030), demised a aictliotl of detecting small non jirecij'itntcng amounts 
of antibodj bj tjtrnting them agimst auspcnsKHts collodion particles coated with tlie 
appropnato antJgen (see also Louel] J 913 ) 

Hie fine turbidity wbicb precedes floe^ition in strongly reacting antigen antibody 
Bjstcms and whicb may be tlw end result in weikly nacting systems can be measured 
by photoelectric and other types of rteplielomcter, and the raeasurea made the basis of 
titrations of antigen or antibody (aee, fw esample I^bby 193<? Top© and llealcj 193S 
Bukantz, Cooper and Bullona 1041) AdTantagi ina^ also be taken of ph^'sicoclieniital 
projiertiea of antigen antibody coiDpoimds other than prccipitability in the presence of 
electrolyte Tlius, du isouy and Haroon (1035, 1930) found a well marked maximum of 
viscosity to occur m mixtures containing optimal pto|iortioiis of diphtheim tosin and 
antitoxin 

After initial scnaituation, nluch is relativdy rapid the agglutination of bacteria 
depends on their rate of collision under the infiuencc of Brounun moieroent and con 
vection curronta m the suspending fluid If the cells arc brought together rapidly by 
centrifugation, agglutination may be rapidly delected by tho resistance to resusjiension 
of the centrifuged mass nscorDiiatcduiththatofa control preparation of bacteria without 
antibody 

An interesting consequence of on antigen antibody reaction w the swelling of jinemiio 
coccal capsules in tho presence of apcciiic anti capsular rabbit seruni first descriKil bt 
Neufeld 1002, Ncufcid and EUnger Tuleij nsk* 1931 (sec Chapter 24) Ihe swdlin„ 
reaction can be elicited in both bviog capsulated pneumococci and m dcmccatt d orgamsius 
(Brown 1938) The sivdling may be reversed if tho antibody is destroy ed by heat (h tiiigor 
Tukzynaka 1933) or by digestion of serum proteins with papain (Kaluinnson and Bronf n 
brenner 1942) It is reversed if the antibody is removed by repeated washing or )y 
adding an excess of specific polysaccharide to a suspension of wasb^ swollen celU (keiuj f 
and Kungester 1042) 

According to Hershey (1940) tho capsule docs not appear to present a smooth surfict 
to the action of antibody, for the amount absorbed is greater than such a surf ice could 
accouiniodato as a closely packed ummoIccuLiT layer, it u po^iblc that tlie capsulir 
polysaccharide is in the form of a loose fibrous get whose surface and mUnlicea provide 
ample surface for the adsorption of huge amounts of antibody The electron merographic 
studies of Afudd and lus colleagues support this new As wo hate alnadv noted homo 
logous antibody is deposited on ^fnt tyj)h% in on electron opaque layer about as thick 
as a utunoU-Culai film of globulin (Modd and Anderson 1941) Under the influence 
of rabbit antibody, the pneumococcal capsule which is relatively transparent to tin 
electroa beam and appears to be a knt density gel becomes opique, and increases in 
tluekness Hie mercase in thickness is mom than 25 times tliat of a unuaoJecukir biyir 
of antibody, even assuming that the globulin is packed with its maxunum lingtli ptr 
I>endiC[iIar to the surface of the capsule (JIudd, HeiiimeU and Anderson 1943) There 
15 clearly some adsorption of coa-speaSe material for the opacity of awollun capsule is 
inertased in the presence of non-specific serum proteins It seems probable Hint the 
swellmgis not purely an antigen-antibody effect Johnson and Dcniuaon (1944) measured 
the lolume increase during swelbng by tw indei>endent methods it vaned from 2 9 
to 9 5 by one method, and from 7 4 to 10 X p* by the other They concluded that 
the volume increase could not bo accounted for soWy by the inolccutir volume of anti 
body abbothed, but might be duo to a bydratioo of tho capsule following the antigen 
antibody reaction 

X\e may refer to the ‘ adhesion pUenomenon” m which spirochaetcs Bi»?eincnlly 
sensitized by antibody adhere readily to Inctenal cells adiled to He reacting muture 
Advantage is taken of this behaviour in the sorologiewl study of spiroihactes (p 912) 
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THE (IVALITATIVE ASPECTS OF TEE AMIGE\ A^TIBODI 
PE ACTIO ^ OLOGICAL SPECIFIC IT I 

Tins problem has been attached mainly from the «ide of the antigens Int it 
will facilitate our discussion of the rccoided data to deal first with the probable 
structure of the 'erum antibodies with which they react 

The Nature and Properties oi the Seram Antibodies 
We hare already made frequent references to the view that the serum anti 
bodies are specialized globulins The properties of normal serum globulins have 
been established by a \anety of method* The ^ctionation of ®erum by pre- 
cipitants like ammonium *alphato yields a nustura of proteins differing from one 
another pbv'icaUv and chemicallv in bpin and carbohydrate content (*ec Tiselius 
1937fl Stenhagen ISS" Hewitt 193^) It is difficult to decide how £arthe«e fractions 
are the results of the chemical handling the native protein receives mits preparation 
The meaenrement of the rate of migration of serum proteins m an eWtncal field 
(Tiselins 1937a) provides convincing evidence that natne *enim contains seieral 
wdl-defined components After a gi%ea period of exposure in the Tisehus electro- 
phoretic apparatus the proteins of native «eruni separate into a number of zone 
each containing particles having approximately the rome electrophoretic molilitr 
In DOrmal horse and rabbit sera the albornm forms a single wcU-defined zoue 
and there are three components of glohnlm s p and y the x being the most and 
the y the least mobile. 

The enrrest brpothescs of protein stractore are none of them safficicntlv 
dev eloped to warrant description in a book of this land The student may consult 
the reviews of Fauhng and Niemana (1939) Svedbetg (IBS'*) and Synge (19(3) 
for details of the C0Qtr0Ter*ie3 regarding the precise architecture of the proteins. 
It IS «ufficieDt for our purpo^ to note tho<e features of protein chemistry that are 
relevant to the understanding of <eroIogv in its present state In the first place 
It IS geneiallv accepted that the proteins ate built up of polvpeptide chains of 
amino-acid* and that the pattern of recurrence* whether regular or irregular 
of the various amino-acids in the chains will vary from protein to protem according 
to the relative proportion of constituent amino-acids A secondary structure is 
impo ^ on the protein molecule the folding of the chains v> that ‘everal of 
them are held together bv hydrogen bonding and other interatomic electrical 
force* In the so-called fibrous proteins, the arrangement of chains as revealed 
by X rav analysis is nmrkedly re<Tilar {^ee Astbury 1943) keratin and silk fibroin 
ate eximples of this tvpe of protein The globulins belong to the class of non 
fibrous proteins, and here it is ‘uppo-ed that polypeptide chains are pnmanly 
folded mto a lamina that has approximateh the thickness of the polvpeptide 
chain and that the«e lamina are built up into a more or less globular protem 
molecule being held together by interatomic force* similar to tho~e that hold the 
chama in lawim^ ^Vhether the laminar ^tructare exirts or not it is a fact that 
certain proteins can be «pread on an sir water mter&ce into filn« whoro thickness 
la much leas than the Imown diameter of the protem molecnl-* *ome proteins 
are denatured by this process but other* including *erum proteins will re-fcinn 
into globular molecules after «preading 

That 13 to say, although protem molecales compared with smaller molecules 
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are relatively rigid structures, by reasoa of tie large number of interatomic forces 
wbicb, acting together, stabilire the geometric form of the molecule, they are 
also capable of some distortion, which may or may not be reversible In much 
of the earlier work on protein molecules, the assumption was made that protein 
molecules behaved as spheres, i e were isodimenaional It is now evident that 
some molecules, including" the globobns, are markedly anisodimensional, behaving 
as though they %7erc rod shaped, or at any rate larger in one dimension than in 
any other The term “ globular,*' apjdied to the non fibrous proteins, does not 
imply that they nece3*ianly behave as spherical or nearly spherical units For 
example, in the serum reactions the shape of the molecule, and the degree to 
which It may be changed, will affect the range of pernnsaible speculation about 
the structure of the antigen antibody complexes 

The molecular weight of proteins may be determined from their sedimentation 
rate in the intense gravitational fields of high speed ultra ” ) centrifuges Those 
of non fibrous proteins range from 17,600 for lactalbuniin to over 6 millions for 
mollusc hxmocyanins The molecular weight of the norms! serum globulins 
and the majority of antibody globnbns in ibe horse and rabbit are of the order 
of 150,000 (see Siedberg 1937, Heidelberger and Pedersen 1937) Neuratb (1939) 
estimated tbat the physicochemical properties of rabbit antil^y globulin were 
con«istent mth those ©fan ellipsoid, 27 w/i in length, and a maximum width of 4 wft 
Sredberg has pointed out that the molecular weights of the non fibrous proteins 
cluster round certain values which are whole-number multiples of the lowest 
weight recorded, 17,500, and suggests that they are built up from units having 
a molecular weight of approximately 35,000 This relationship of the molecular 
weights of proteins, whether ammal or vegetable m origin, presumably reflects 
a aunilanty of the eiuyme systems that take part in protein synthesis On this 
view, the rabbit antibody globulin molecule would correspond to four Siedberg 
'‘units’’ As we shall see, this possibility has been raised in counection with 
the valency of antibody by Hooker and Boyd who argue that if the four units 
each carried an antibody receptor, and were arranged linearly, the whole molecule 
would be multivalent, and markedly anisodimensional (p 251) 

The Purification of Antibody, 

Antibodies are precipitated from serum by ngeuts that bring down the serum 
globulin Precipitation of antisera with so^um or ammonium sulphate with 
alcohol at various temperatures or by dialyoia, brings down the greater part of 
the contained antibody with the globolm tractions (See Banxhaf and Gibson 
1907, Gibson and CoUins 1907, Ledmghani 1907 Sfellanby 1903, Hartley 1914, 
Ptiiun WIS, W5i, MaAUnd wad Bxubniy WW B'vst GUnny and Pope 
1931, Barr and Gienny 1931, Laidlaw and Dunkiu 1931, Barr 1932 and many 
others ) 

A considerable degree of purification of antibody solutions is possible where 
the antibody is confined to one particular fraction By fractionation Felton 
(1926, 1932) purified the antibody to the Type I pneumococcus and LaidJaw 
and Dunkiu (1931) the antibody to distemper viros 

Specific precipitation of scrum ^obnlms by anti'era prepared in an ammal 
of another species also brings down the anhbodies (I/audsteiner and Pri^ek 1911, 
Eisler 1920 Smith and MarracL 1930) Moreover, the inactivation of antibodies 
by heat corresponds m general with the denatoration of proteins by heat (see Stieng 
1909, Sladsen and Streng 1910 Mairsek 1938) Many of the earlier studies of 
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this phenomenon are compLcatcd by the lact that the heat inactnation was carnal 
out III the presence of other ^rum proteins and as the worh of Kleczkowski 
(19U6) van der Scheer "W yckoff and OarLe (J941a) Bawden and Klecrkowski 
{I942h) Jennings and Smith(1942) andErejci Jennings and Smith (I9P) «hows 
heating mixed solutions of antibody gloholm and proteins Lke albumin or casein 
in the presence of salts (KIecztow«Ia 1943) prodoces globnUn albumin and globulin 
casern complexes which display no direct antibody activity but which cannot f>e 
coi sidered as denatured in the ordinary «en«e of the word 

The study of the antigen antibody complex offers a more direct approach to 
the nature of antibody since protein muted with antigen has presumal ly been 
selected from the antiserum bv reason of its specific combining powers V certain 
amount of non specific material mav be adsorbed by the complex — «uch adsorption 
occurs in complement fixation — but the amounts are relatively too small to 
invalidate the assumption that the bulk is in fact antibody For instance Heidel 
berger and Land'leiner (1923) Mamck and Smith (193Ih} and Haurowitx and 
Brcinl (1933) have shown that non specific coloured proteins are not earned down 
in the precipitate when an antigen reacts with its specific antibody and Dean 
Taylor and \dair (l93o) u'lng the optimal proportions technique and examining 
a sample of antiserum containing antibodies to punfied egg albumin and purified 
hor«e «erum albumin found that either antibodj could be tpecifically precipitated 
by the corresponding antigen withoat affecting^ the titre of the other It has 
been established that antigen ar tibody complexes contain considerable quantities 
of protein from the antuerum and that tl^ ptolein Las the genera) characters 
of serum globulin Thustbeprecipttateformedwlien2omgin of Type II pneumo 
coccal polyacchande which contains no mtro«'en and is therefore particularlv 
suitable for work of this bnd reacts with its homologous antiserum has been 
found to contain 37 Qgm of <erum protein (Felton and Bailey 19‘^6} and tbc 
antibody utre of a given antisemm may be measured with considerable accuracy 
by determining the amount of protein that is removed by a solo) le or particulate 
antigen (Heidelberger and Kendall 1929 Heidelberger rt al 1930 Heidelberger 
and Kabat 193l) 

That the protein so bound has the general properties of globuhn is attested hr 
such observations as thoae of Marrack and South (1930 1931fl} who found that 
the diphtheria toxm antitoxin compound «howcd the same ultra violet absorption 
spectrum as serum globulin or tho^ of Brein] and Haurowitz (1930) who found 
that a precipitate contammg about 10 per cent, of hxmoglobin and 90 per cent of 
material denved from a homologous antiserum showed the same proportions of 
tyreeme cystine histidme and arginine as did serum globulin when examined bv 
the same techmque 

Antigen antibody complexes act as anhgens and induce in animals anti 
antibodies that are specific for antibody m that thev combine with the antigen 
antibody complex bat not with antigen alone The antisera will also react with 
normal serum globulins (Ando 1937 see ako 3Iarrack and Duff 193S) Another 
noteworthy feature of such antr-era to which we »ball refer later is their capacity 
to react with specific precipitates of other antigens j rovided that the antibody 
in these precipitates was produced in the same species of animal (Treffers and 
Heidelberger 1941) However the propertira of antibody protein as revealed m 
the antigen-antibody complex are open to the objection that the antilod} may 
have been altered by its union with antigen 
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Many attempts have been nude to dissociate antibodies from an antigen 
anlibodj complex in a jirotein free condition The dissociation of the antigen 
antibody compound nnj be nreompbshrd ui a variety of iraps. ami certain of the 
antibody solutions so obtained have contained lery little protein (see Lanclstemer 
ami Jagic IDOS, Muir 1003. Bail and Tsnda 1909, Spit 1910, Eosaki 1918, Hmitoon 
and Ftns 1921, Huntoon e{al 1921, laxAeand Kitsch 1925), but in none of these 
instances has it been satisfictonl) demonatrated that the amount of protein 
present was insuHicient to account for the antibody action observed (see Eagle 
1930) Similar attempts have been made by adsorption on to various reagents 
other than the specific antigen, followed by elution with various fluids at different 
pK levels Some of these attempts have been claimed as successful (see Prankel 
and Ohtzli 1930 OlitzU and Prankel 1931, Frankcl 1932, Ohtzka 1932), but these 
claims have not been confirmed by subsequent workers (sec AJmracli 1931, Rosen 
beijn 1935) 

Korthrop (1911) and Bollien (1911) prepared punfied diphtheria antitoxin from 
toxin antitoxin precipitates by digestion with tej-psio The purified antitoxin had 
a molecular weight in the region of 90,000 By fractional precipitation Kortbtop 
isolalml a crj stalhnc antitoxic protein winch appeared to be antigcnically distinct 
from normal horse proteins 

Later studies of the effect of clecl'olytes on specific aggregation (see p 215) 
led to the preparation of dissociated antibody solutions of a high degree of punty 
(Hcidclbcrgcr and Kendall 1930, Kcidelberger, Grabat and Treffers 1938) ITeidel 
borger and his associates were able to purify both rabbit and horse antisera by 
salt dis oentjon of agglutinated pneumococci. Types I, H and III Dissociated 
and natnc antibody Ichared alike in serological reactions Dissociated antibody 
had the properties of a globulin The molecular weight of dissociated rabbit 
antibody, calculated from its ecdmicntation rate iti the ultracontrifuge, was bko 
that of antibod} in native antiserum and of globulin m normal serum, in the 
region of 150,000 to 190,000 
Varieties ol Antibody Globulin 

Horse antibwJj to the T^pc III pneumococcus has a molecular weight over 
4 limes that of the corrcspoDflirg rabbit ontibwJy A similar component was 
found in other preparations of horse antisera, but not in normal horse serum 
(Ileidelbcrger and reder«cii 1937) Jjator, Kabat (1939) diowod that these heapier 
antipncumococcal globulins, of molecular weight 910000 to 930000 were formed 
also in the cow and pig 

TTjcso antibodies of high molecular weight differ in certain respects. Tor instjince 
‘ hear} ’ antil<odi to pneumococcal polysaccharide wiJ] not /5.x guinea pig or human 
eomflcmcnt in the presence of homologous antibody, whereas ox antibody of similar 
weight docs so (Hcidc3!*erger and Tirffiw IM!) Heaxy antiiodies do not appear lo be 
/juitc so firmly conslifnted as antibodies of a lower molemilir weight for they are dis 
aggregated by relatively mil 1 treatment with banum hydroxide without much reduction 
of precipitating jwiwir Xot all borso antibody has this Li„h molecular weight for 
example, diphtiieria scarlet fever, tetanus and Cl icricAii antitoxins from the horse when 
diluted, contain no abnormally Inavy protem mokculcB (Fell Stem and CoghJl 1940) 

Tlie Bignifieanco of the Largo antibody mokculea is not clear, but it is evident that 
reapoiivs to immunization on tlie part of certain animals is more tlmn the production 
of normal glol.ulins modified only in configuration , a new type of globulin may in fact 
Ijo formed 
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The «erum globalms as a whole behave in the nUracentnfa"e as thoogh they 
were homogeneous but they are separable as we ha\e already «eca into fractions 
of differiDg «olubihties. \utibodjes are distributed vanously among the fracbons 
(eee for example Adair and Taylor 1936) The distnbnhon depends on the 
anunal immuruzed the nature of the anti^ren and the mode of fcacbonation. 

It IS still questionable whether the ettglohnlins and pscudoglobulms are artefacts pro- 
duced during froctionat on of serum Pabbit antisera to horse and human serum 
proteins react to some extent wparatelv with cnglobulins and pseudcplobulms suy^t ng 
that the two cxiat as such in the native serum (Hams and Eagle 103o) 

Atarrackand Duff (193$) were unable to denumstnto an absolute serolomeal distinction 
between euglobuhn and (eeudc^lobulio which neither suuir nor in mixture had the full 
serolomcal reactivity of native globuhn Ttefiera and Heidellergcr (ItMlo) iJao found 
onlv a partial serological distinction between the water-soluble and water insoluble 
globulins 

The mercase in serum globulin dunng immamsabofl has been noted by several ohserrers 
(see ilarmcL 193S) though not all of it u atinbutable to the formation of antibodies 
(Lin Chow and Lee 1**3 Bovd and Bernard 193^ In Bovd and Bernard s expemnenU 
with a vanctv of antigens the antibody n“ver acctainted for more than 3o per cent of 
the increase thouch as the authors po nt out some of the serologically inert proteins 
mss have been antibod e« of a reaetivitv too weak to be detected bv their methods. 

Ando and hts coUesgues (\ndo Kee and Komieama l'>3~ Ando, Eee and Slanako 
197* Anda Manako Kre and Takeda 1937 Ando Itlanako and Takeda )033 Ando 
Takeda and Ilamano 193)) br loUDonizing rabbita with antigrn-aatihody a<T?regatea, 
distisgUL.hcd two tvpes of glol aim A and B tn hmse sera A prrdonmatuig m the water 
soluble B IS the water insoluble fract obs. Both connal aera and antisera contained 
A and B globuhns. Immunuation with diphtheria toxin or Shiga s dysentery badUi. 
increased the A globulins B globulins were increased dunng imiuimnatioD with pneumo- 
cocci ^o/m /ypXi and other baeterul antigens 

The globulin components revealed hr 'nsehus a eleerropboret e apparatus tmdcmbtedlv 
exist as such in native serum Protein pnrbcles of simil^ moleeulsr wemht mav prove 
to be hetm>wneons bv electrophoresis, and H^lras (193"t) showed that nntibodr prepars 
tioRS of Heidelberger and Fedeisen (193 ) which re«emb1ed normal globnlais in t^ ^tra 
centrifuge differed stnkmglr from the normal m fheir rate of migration in an electrical 
field. Bv comparing ant body to egg albumin and to imeumccocci before and alter 
absorpt on with tbc homologous antigens, TIsehns and Kabat (1939) demoostrated that 
m the rabb t and the monkey antibody was electrophoreUeaHv identical with the / cora 
ponent of normal globulin horse antibody migrated as a new component, nudwav m 
mobiliti between the fi and the / components. In the hands of 3IoeiTe van der ‘^cheer 
and \S\ckoff (1910) and van der ^brev Lagsdm and Wvekoff (1911) the high mokcnlar 
we ght antibody in horws antipneomoeoccal sera migrated with th* normal / globulin 
Aan der'?cbeer Wvekoff and CUrk (1910 19416 ) dcvxibed in some antisera an increase 
in / gtnb nlin, in Others a new component T both associated with an merease in antibody 
The T component was mid wav in mobOity between the P and / components (see also Pothen 
1911) It appears more readily in antitoxic as distinct from an^actenal sera, thou h 
not regularlv so. Ketwiek and Record ( 1911 ) fouad two antibodv fractions in diphtheria 
antitoxm from the hor=e one associated with the B other with the / component 
With optimal amounts of toxin, the ^ fracbim flocculated slowlv and formed a compound 
with the composition (TAj). The y fraction flocculated 20 times as rapidly and formed 
compounds of the tvpe (TA,),. The , fract <ai, whicb is preap tated with the euglobuhn 
durmff salt fractionation, predominated in earJv bleeding from inimunixcd hesses m 
the later bleedings, the p fraction ccm-titated the mam antitoxin content (Kekwick, 
Knight MaeFarlane and Record 1941) 

We may note one more variety of antibodv recentlv described by P,ace (1944) The 
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crythmcytM of cerUm human eiihj«-l8 contain an antigen D, which w one of the mtuml 
nh antigens (anptcr 40) An antibody to D occurs n-itunlU m the sera of other humsn 
Bubjeet" and, hke other natural nntih^ics to the tilood group antigens, it agglDtuiales 
erythroojt« containing the corresponding antigen In certain subjeets, honerer, Race 
found incomplete ” nntil>odics to D, which combined specifically wth D containing 
erythrocytes, hut failinl to agglutinate them Tlie properties of this naturnllT occumiig 
•• incomplete ” anUlKxlj in many lesjiecta ro«cmble the reacting hut non floccuLating 
alhumm antiliods plohulm coniplcsc* made artificially hy Bawden and hJeczlowski 
(194.1) (see pp 213, 214) 

The Modification of Antibody by Physical and Chemical Means, — Although 
there is a genera! parallelism lietwcen gro«3 alterations of the globulin nature of 
antibodies, and their actuilv mth lesiicct to aiittgeus, yet the protein can m 
mmv rises be altered con'iderably vithout destroying its efficacy as an antibody 

If for insfmee. Type 11 pneumococcftl antibody u " unfolded ” in a mono layer on 
an air water interfiee, it loses its capacity to combine with the siiecific carbohadcate of 
the TyiK* 11 pneumococcus (DamcHi. Danielh and Manaeh 1331) 

A eimilar unfulJmg of normal proteifts appears to take place m urea solutions (see 
Rcrnheiin tl nl 1012). poa=ibl\ by the weakening of the livilrogen and other bonds re«pon 
fible for maintaining the association of adjacent polypeptide chain* In urea itolufions at 
pll 7 1 diphtheria antitoxin slow (s' its neutralaing power for toxin, and more rapidiy 
at a higher or a lower pK (B nslit I'll!) Th<«« ri«uits snewrst that the antihoda aetirity 
U clorch aawnted with integnty of the general moteeutar stmeturc and tliat de truclion 
of (he antiliodt eonfignntion is as«oekated with lonoatlon of basic or ocidio groups 

Cliemieal modification ba luodemle (reatment with forreaMeJivde, which reacts irre 
Trr«ibh with the protein st the surface of (he moleeote, Jioa little cflect on antibody actiMtr 
(«oe Modd and Joffe 1933, IranofT lP3t', and Each* 193S) As Logie showed stronger 
treatment with fonnalhhvde, or wath a reactiee duxo compound, remored £r«t the 
procipitatin^ and then the protective power of antipncumoeoecal sera and diphtheria 
antitoxins, a fact wu hare already noted in discussion of the lattice hypothesis Again, 
the ammo Rtxnipi of an antilwily ghhuhn inotecul' may Ix' treatoel with ketene gas until 
one third of thiiii sru acrtiUtix?. witlwot marked Ioks of the poiccr to combine with 
antigen (Goldie and Sundor 1937) The cheniicnl groops on tlie snrfioo of globulin mole 
ail-s responsible for the antigenic power of the protein do not appear to form part of 
the specific combining group* of (lie antibody The dcetniefion of activity of horse 
antipneuiiKKwcKil sera by photoilrnsmic oxidation tn tho pfcseneo of methylene blue 
only rwloces tlie i«OMcr of the protems to precipitate avitlj anti horse serum (Ross 193>) 
The independence m the antdioili molecule of the antiUxly -combining group and the 
groups that defenmne antigcmo spectfiwfy h*.* been demonstrated serologically by several 
workers ‘^mithand ^larrsek (1939), and later Eagle (193C) demonstrated that diphtbena 
antitoxin from the horse, which has combined with a rabbit anti horse prccipilm would 
react with toxin Eiglo in addition sJiowed that antitoxin ronibincil with toxin could 
still react with the rabbit antibody Treflirs and Jfeidelbergcr (lD41o, 6) immunized 
animiU with specific preeipitafes formed by Ibe combination of various antigens with 
their homologous anfibexlies, both borec and rabbit The reaction of the resulting anli 
onfibr»ljes was fwiditionrd soklv by the species of animal from which the antibody was 
obtamwl , nny di/Tcrenee betnoen vanoos antibodies that might be expected from the 
fact that they rirli pfwses.s«l Aiiretent combuung groura for their homologous antigens, 
wo* not demonstrable by scrologieal method 

The Eniymle Digestion of Antibodies.— Hydredysw by enzyroe-s ultimately destroys the 
antibody activity of scrum globubn (see Alarrack 1938) Tartul hydrohvis under con- 
troll«l condition.* is seleetne in its action on the various serum proteins For instance. 
Pope {1939a, 1} investigating tbs Parfentyev patent for the refinement of antitoxin, con 
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clodf-d that bT hfat trcatniPEt in tn wsd Rjobon. dJJ1htil^^s aniriTtia d araEa ^ras 
psrtiallr dmatTin-d and ciTnld l>e i-rfiat’d br jrotpoVti* «Lmn» ivi-tVKif 'h-eTisr an 
cndnalTTwl portj-n »-bJch earned most csftiieaat* one B'tmrr r '•/-mEim 

dernonftrstrtJ that ontitaxEt ttbs fzSjt an o npjmnsi&te hdres <if 

di^cmit vilnl LhQos by pajmai dirp<t«n. asu^ half caimaa ih* aistncnc ar inTv i1j» 
<th<T l-cinc imT, If diTf^cm -was jrciloTsed so that li» halrr* uro onartr-a. no 
art tone artintr r^mampd- The jimress 8py»*ared to lie erv of enmn** fkavn™ and 
not a dcnatoratioa. Tlie attn»odr tnoKt <£ its teirmal antir'sn ae ijuu as a j»*gL 
of Its ~ yrplocJmp rt£nc^"Et *’ HTeT, rarff!n*j«T and B'nrmaa The ft, is 

rt'ler'ed in the dttr'btrtj'TO o'" el“«Trtjlirrptic ctjaijonnits. Bf£a^ anttse*a shnw a 
dim jiirtion or altswiee of alhminu d-^jiprann*^ of l3i» T ■wgnjv gt'-n t ja dijlrJiena aiA- 
toiin and tiS rrpi'iremrrt 1 t a netr ^ «iiaj*T3cnt (fan d-r ^ch**» TTviiaff and Qaiie 
or a rdatrre raerraw ra the ^ aad ^ eaisrpaame (Tell, ^tera aad 2^ •). 

From tlu< fan. and the rarnne dtscilmtian of antibodr tie camjioa'srls. 

It clear that the ehararttrizatifmof an artil odr plot ntm 1 <v 1 iB tdectrc'pLcr'^r inoljllrr 
1 as no nreessaiT eonnertirm anth ihe &<“ that i* canes TT7TTatincilm^1}T activi 

^n nitr*t<tJi5 «aTCpl“ o'" parCid dipr^an of autlHodr is Ti-ctrfed It Salmcnson 
and Frcinfiiletiinr*’ A lartcoophan jnst nfrtraLzt-d hr ifimol'TninB jail it 

aijtj' t^T Trafi rc< ored To aetrnrt It jtapiun di'^stica cJ ti“ tdsi on its staia-s. The 

d 'Wifm of over ncntralizcd bacm •phorc, on •"•hi th tc t err tnanT more anlibodT 
TDCileenlc*. did net rrrerse the nentralnati'Tn. ^oo- jen of tie bwIoSt ap p a re n tJT 
miaia*id oa tb* pliaje particle* afte* dicx‘ioa. farjasi orubiJa -d jLiC" after daj'^aos 
a creld aciwt.?e nmtea pij* to rabbit phibalm , and mrr sralrtilzed piare after 2ip*«tjan 
tra* fenmd to be mcapabl* of «uimi3atjns jhace aiiti**odr oa mjcrfaoa jmo a niThk, pe- 
Bnmal It bccatise th" antiVidr Temnsrt* ftsnrd an cJ>*nnac Urcr oa ita stsiipc. 

Powalisia has draam a*t<3itiaa to an maraae in the resstaase •oT imubnd)^ 

to jer®*® trrpsa iTdroIvsi* that tiihes jlae^ a* uammaatioa proowd*. Sli“ found 
that H ” bnrtcnal ac^ltr^ins f*ee p 2"C) from late bleedmr* of aa namtnisaed rabbit 
vm iTSuSaEt to a de'Tre of duicsunn that dertjwed SO per tent, or tnin* of acnltrtmm* 
frtaa the Crsi U^rdinc. Tbire did net, boarTW appear tf le a cerrespondme immuie 
in <he rrsurtiof*- of ily s'mm jtrvtciBf to diresticm. ‘O’* aatil oSuib did not bewme 
rp«staiit in this TaT BcitL rappi^nLciineT and Pol inson (l‘?3“) and Pejw {10*190) noted 
Jiat tie resistance of dijbthcm antrionn to jwvteolnirrt'fin'TDcnt Timed aih ti" sta'^ 
and the m^jd of mimnnitalion of the l>o"se. 

Unity 2 nd D i vB rsdy ol Anybodies. 

lnuDninnatiOT mti a eii:*'1c an* men Tiells an anbscmin n-Lici can tUgibtf 
a ■\an***T cf fj>“ci£c ibenomeixa for inztanre, prccspTation neutraTiZcTion of 
toinn, pew'c'Tion o'" an infected ammal. In th“ mttniretatioa of antil ci3t icartnms 
tijeeg gj^ tTo qn 'tjon*! abotrt the Tanc'T of aiitil>ndjes that need an anstrei. 
Li the first jL.ee are all maraf cations dne to a sagle land of antll odr 

O' does a j^'eapitin for eztmjle, difi'er fcndamentaTlT from im anti asm, Trhea 
Jje 'vus sen e? a* ic hath raartroas ^ In tie envmd m s faJaaa^ 

ths die, IsTE a pi 'll Lmd of fierflo"itsil artmtT are ah tie mt lecdles of analodr 
tr'’^ I ..T t In <nier -ttords in a mono^tecificaii^odT “lolnticm art there auth odies 
T-nh ^ ffeey.it fun liof s cnl are tho^e of the same ftmetion 1 nmo"eaec>iis * 

Tl e 1 i"w that JT JJ itiD" nj ■KHun^ antitoxins, etc. differed in hind held the 
fielj f ' LUDt teu'r but th" mutaimn hrpothesis that these -were du“ to the 
tsi. e I-.. i d i/" tntif kJv lu diffTtnl cnrnmstances has hot rained almtKt im-Tcrsal 
>■ Jhi'-haj'l •*u dot mainlTtothBTrtiTh ofDcan (I'tJT) inthis cotmtrr 
*0 'ha* ‘f Zi-J-*"? (JWI) lu 'VniTim and to "Nicolle and Cesan (1922) in rmnee 
in' sru a ia'M*w lull ti adninl mted hr Bail and "Hohe TVehaTe 

fete") JJw ^y'ul Ii I'd lie cew/ tml ilct tirrof precipitation and complemcEt 
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fixation We haA c noted that precipitation w a general form of reaction between 
all antigen*? and all antibodio<. inclading toxin and antitoxin And we Lave 
seen that the union of antigen and nntiLod> at tLe surfaco of a bacterial cell sensi 
tiiea It alike to the flocculating action of tlectrol^tes, to the Ijtic action of comple- 
ment, and to the plngoc^-tio action of leucocytes 

There ore too in records of the a-^say of the protectiv e power of antisera, many 
instances of complete p-iralleli^m between tho proteotiie power and some tn ulro 
agglutination, antiliicmol^tic or antitoxic reaction For instance, the type 
specific precipitin content of antitnDningococc'il sera was found to parallel their 
protcctue power m mice (Pittman 1913) 

The detailed eaidencc lias been reviewed by Marrack (1938) It remains to 
note that DcUcs (1937) found that precipitating antibodies to pure human albumin 
and p«eudoglobulin would agglutinate and opsonize collodion particles coated 
with homologous antigen, that Cerlough, Palmer and Blumenthal (19il) were 
able to c«tabhsh the identity of prccipitins agglutinins and protective antibodies 
in antisera to six different tjpes of pneumococcus, and finally, by their method 
of dissociation of ngglutiiiated bacteria, Hcidelberger and Kabat (1936) and Alex 
antler and Ilcidcjbergcr (J9J0) were able to demonstrate directly the identity of 
theBgglutinmandi>recipitm to TypcI pneumococcus and to JJamophlus wJIuentCB 
Typo b • 

This conception of the serum reactions docs not, of course, m any way modifj 
our belief in a multiplicitj of antibodies corresponding to a multiplicity of antigens 
A red cell, a liaallus or a crude protein solution such as horse scrum contain many 
antigens and give rj«o to many antibodies The nnitirias hypothesis as Zinsser 
(J921)bascmphasi2(H], implies simply that tbeiojcctioa into the tissues of a cheau 
cally pure antigen will lead to the formation of one antibody capable of producing 
all the various manifestatioas of antigen antibody union 

y* hen we discuss, in tbc next chapter, tbo aotigeaic structure of bacteria we 
shall sec that there is a sense in which it would be correct to differentiate one 
antibody from another in terras of function — to say, for instance, that a particular 
antibody » an agglutinin but not a Jysin This difference m functional activity 
liowcvcr, is determined not by a difference in tbc nituro of the antibody but by 
a difference in the structural position of tbc antigen to which it is attached 
The Homogeneity of Slonospeciflc Antibodies — It is often assumed that the 
behaviour of antibody in solution, provided tlwt it has been formed in Ksponte 
to a single antigen, is the sum of the effects of a homogeneous coUection of anti 
body globulin molecules B’o have already discussed a number of phenomena that 
indicate a heterogeneity of the antibody lo a given serum Thus in monospecific 
sera there is an antibody that prccipitotcs with antigen only in the presence of 
fully reacting antibody (Sfarrack and Smith 193]h Heidelberger and Kendall 
1935tr, h, e, Heidelbcigcr, TrclTers and Mayer 1910) Heidelberger postulated 
univnlencc for this low grade antibody, and loultiralenco for the more avidly 
reacting antibody Landsteinor and vai) der Scheer (1910) found in an anti hen 
ovalbumin serum tiro kinds of antibody botii precipitating with hen ovalbumin, 
turkey albumin precipitated readily with one, and fulled to precipitate with the 
second, though there was evidence of combinnbon Other evidence of betero 
gencity of antibody is provided by the change in quality of antibody during the 
course of immunisation The hroadcmng of reactivity and the increase in avidity 
of antiserum with prolonged jraiDumzation has been observed many times Hooker 



2o0 TUE A\TIGE\ A\TIBODT EEACT10\S 

and Boyd (1911<i) «uggeat that they may be due to (a) the fomiatioB of antil>odie3 
to minor antigenic determinants (t)the increase in the nomber of reactive groiipimrs 
on the antilwxlr or (r) the wider affimtv of the combining group® due to tl e forma 
tiou of a larger and more complex reactive patch on the antihoilv surface The 
broadening may be accompanied by a change in the nature of the globulins Bafftl 
Pait and Terry (1^10) found the earlier, leas avud antibody to be a5?ociated with 
the water m«oluhle globulins the later, and antil>odv with wafer soluble globulins 
The evidence of heterogeneitv found among fractions of antnemm made by pre 
cipitation with salts l> less convincing becan-^ it is diCcuU to exclude artefacts 
but the difftrcnce* notctl above m leactintv di«pUved by electrophoretic fractions 
of antisera cannot be lightly dtsmis-cd. 

Gooclner and Hor^Wl {I03“) obtamod other evklonev of hctcrc«’eneity in antipneamo- 
coccal sera In seven! rabbit antisen the ratio of iwcipitm content to protective power 
wis constant, but in Lore antisera it was inconstant Sloivover in individual sera of 
both spcci‘3 the protective power of antiboda left after some of it had been prewpitated 
bv anti'^^n varied with the amount of antigen added, though the vartafion aras nneh 
greater m the horse When hone anttseram was fractionated the pseudoglobnim was 
found to contain antibody with a protective power only one-«errntb that m the en"!obobi 
fraction though the pscudo^Vabulm antibody wa* far motv reactive as precipitin. In 
an elect rophortpe fractionation of d phthem antitoxin, the antibodv / component com 
Lined with twicp as much nitrewm per doeeubtin" unit aa that from the component 
Goodner Hor^aU and Bauer (P3s) also demonstrated hetcrc^rneitv in the *iie of anti 
bods particlca in both rab! it and horse autuera For example, in borse antisera very 
Urge particles, correspondin'' to a pore size of l7o myi m a eoUc^ou membrane £1 er wm 
found in concentrated serum and of ^ in/i in nativr serum Dilution m siLne reduced 
the partick size in both tvjvs of serom 

Tbe antibodies f<»Tned ui response to the in]cetJon of what is appatrnUi a nngle 
anti'mn mav abo duplav vamng Linds of vrological speeifiatv Thus, Landstainrraad 
van dcr ^boer (1930} worlang with proteins mollified by coupling to pentxpeptidro 
(made up of various comt imitioa of glrouie and L ueine) showed that all the antibodies 
produced m tV'ponse to anr one peptide-protem wrrr absorbed bj th" same peptide 
conyied to aw awtv®vweaQv «iiKta.ted vchwle namels ervlhrocvtfi stromatx. Veverthfe- 
lcs^ Tamng amounts of the total antibodv could be removnl from the sera prepared 
8"aia.t one peptide li absorption with 'tromsta to which one of the other peptides 
liad been coupled \bsorption otcurmi even when the absorbing peptide could not 
conceivablv have been a breakdown product of the antibodv produang p*ptide 

It IS clear tlmt in hoi^ «cra at anv rate, apparently monospecific antibodies 
dispby heterogeneitv both with re»mrd to their reactivity as antiboiiie®, and to 
their other physicochemical properties Monospecific rabbit antibodies appear to 
be less Leterogeneou at lei't fnnctionallv Indeed the d^tee of homogoneilv 
may he «urpn5mgiv Ixi^h Hus, Berdiev, Sa&iianson and Bronfenbrencer (ISiS) 
record an analv'is of a nomber of rabbit anti phage «eri with a 2>fold range 
of combining power in which there wa» full correlation between three varying 
quahtie- specific rite of phage nratrahzation neutralizing capantv, and preapi 
tahng capacity and no te«ts revealed any beterofeneity of antibodv in anv 
one ®enmL 

The Valency of Antibody 

It Is obvious that the conception of monospecific antibody molecules of different 
valencies will help to explain «ome of the ob erved heterogeneity of antil>o<lv m 
the natural etate Vs we have seen, the assumption of mnltivalent antibodv is 
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an c'lscntial part ol the httice hypothc^w, and on p 220 we have inicated a 
nunibct of objections to the Uttice hypothesis which imply the rejection of a 
multivalent antibody Xcvcrthck«s varntions jn “avidity” and precipitating 
power of antibody obtained during a prolonged course of imniunization are con 
veniently exphiuicd ln^ernls of vnnalions in \alcncj But, as we should expect 
from our ignorance of globulin nirtaboli-un in the animal boily, there are no impres- 
five data to support Iho spccuhtion The most cogent objection to the theory 
of miiltivalence (see Iloohcr and Boyd 1912) lies m the fact that mimumzation 
with a known mixture of distinct antigens does not result in poIy«pec:fic antibody 
(see, for cianiple, Ilektoen and Boor 1931, Dean, Taylor and Adair 1935) It 
IS argueil that, if during the sjmthe«ia of antibody m the animal there was m the 
growing antibody globulin molecule more than one region that could be influenced 
bj antigen, there is no good reason why two or more regions on one molecule 
should not be influenced by separate antigens, and thus give rise at least to a 
di«pccific antibody 

The eonecption of dispceifie antiiiody ofTcre a simple explanation of the results of 
antlhoJy response to eertain natural complex antigeaa (Meyer 1930, ^lIle5 1939) but since 
the anlieenic constituents of the nuxtnrvs were not fully itoGned the suceeas of the hvpo 
tLp«is IS not good ciidcnco of its sabditv TIic difficulty may in part be resolved bv 
assuming thst monoiaKnt Sredlierg: units of nioleeuLir Height 35 000 are in fict formed 
in the both, end that these are liter united into larger molecule* nliich are moltj valent 
But hero again unle^ ho jinstuJatc ihat the units are alnajs bmJt on to one another 
in ronjunciion with a single antigen portirle llicre is no gwx) reason for assuiuing that 
Srcslb^ uniU of diverse aisciGciti aliould not Ic Joiixsl lof->rm a pDly3iH“C]fic antibody 

Molecule* of antigen Kanng on the surface Ino ontigenic determmanU may giro tiso 
to apparently ilispeciCc antibodies For example HiKlelbcrger and Kendall (1934) 
immuniung robbits with ovalbumin modified bv an ato-dve produced antibodies to 
ovalbumin alone and to aio protein alone and also antiboly that reacted equally uell 
Hitli a*o protein or oyalbitmm (see also Singer 1942) lAndsUiner and van der bcheer 
(193S) on the ether hand couU find no evidence of a double speciReitv even m antibodies 
prepared apiinst a single aro antiy n having two baptenso groups Tliey prepared antigens 
with nminosuecinaniiic acid (S) with aminoplien\Lirv;n)c acid (A) and with a compound 
of the two (*I 1) Antisi ra to S I j rwipitaled with S \ AandS but sera absorbed h if h 
A precipitated only intli S and sera alsorlcd mth S onlynithA Hie varwiis antisera 
eoiitainedonaor t»oki/id*ofaptcificantibo>ly. hut ntyerdispecilicaniibodjes, Baurowitz 
anl Schwenn (1943) obtainnl anaJigoHS rrsulls ly immunuing rabbits ynth a globulin 
antigen containing IwUi y azo phensjarsonic (A) and m phenyUulphomo groups (S) or 
With a globulin containing loth A grrwps ond di lodotyrosine (T) groups The resulting 
anti«cra contained antibodies ngamst A and S and against A and T respectively but 
there was no evidence of dwiiecifie antibodies against (A + S) or (A + T) 

IVitl: reganl to tlie Apparent ysmliona m comlmmg power displayed by 
monospecific antibody, Jlcrahey (ISIlh) points out that it is not necessary to 
iny oke differences lu y alency to explam tb<* ptopertiea of " low grade ’ or of highly 
avjd antibody The “ affinity ” of a umt reactive patch on the antigen molecule 
for nnit roactiv e patch on the antibofly may be described in terms of a dissociation 
constant X, and IlersLey lias ingeniously subsumed most of the observed individual 
variations of antibody under variations m i For example, a small 1e explains 
large niaximal antigen antibody ratios, high avidity, and broadened reactivity 
ID sera taken late in immunization Ilcidclbei^t’a univalent antibody, ond non 
precjpitaWe antibody left after absorption of precipitable antibody, would have 
a largf I Variations in X. would be independent of the nature of the imamne 
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response, and of Talency , and vanations in i wonld explain the effect of «alts, hpins 
and other non specific substances on the progress of immune reactions. 

The nnalj-sis of specific precipitates in the region of antigen excess should 
proindc the be«t direct evidence for or against the multivalence of ontibodj In 
their rei lew Hooher and Boyd (1912) point oat that m only two systems has e the 
recorded estimates of the molecular ratio of antigen to antibodv been more than 
unity, namely, with diphtheria toxm (Pappenhcimer, Lundgren and IVilliams 
1910) and with Ileidelberger and Kendalls (1931} azo-dyc ovalbumin antigen — 
and in both cases the \'alue of 2 is in doubt have already noted that the 
value of 2 accords well with Her^bev’s desenptne theory of the lattice hypothesis 
It IS clear that precise analyses of a large nnmber of antigen antibody compounds 
of this kmd are required to settle this point 

AVe may summon.^ the position with regard to the tmity or dis eraty of anti 
liodies as follows 

The antibodies m a monospecific antiserum prepared against a smgle antigen 
may vary m physicochermcal properties, sneh as particle «i 2 e, electrophoretic 
mobility readiness to dissociate from onion with antigen, and perhaps in valency , 
in combining power and ** anditv*’, in resiatance to destructive agents , and 
m capacity to form complexes with antigens that are susceptible to other substances 
m the reacting sj stem such as electrolyte, complement, or a phagocyte In no 
case however is there good evidence of association between a given set of physico- 
chemical properties and a patliculat type of serological roactmty The hetero- 
geneity m a collection of antibody particles present in a certain preparation may 
affect the different «erolomcaI reactions m different degrees, but there u no reason 
to suppose that opsomns precipitins antitoxins and so forth differ in Lind, either 
constantly or fundamentally In this sense then we mar accept the hypothesis 
of the unity of antibodies 

The Nature and Properties o! Antigens 

The two outstanding characters of antigens, their power to stimulate antibody 
production and their specificity may be to «ome extent explained in terms of 
their chemical constitotion The ba'is of specificity u the more clearly understood, 
and It will be convenient to discuss it fir t 
The Basis o! Specificity 

Specificity 13 not abrolnte There is no one natural antigen of which it wonld 
be safe to predict that it would not react with antibody prepared against another 
antigen. The variety of syntheses of which living ti««ues are capable, though 
wide 13 limited and manv tisjue constituents in one organism are similar to tho«e 
in another o^nism Where the«e constituents are antigemc, we often find the 
similanty refiected m the serological reactions of the antigens with homologous 
and heterologous antibodie« 

Thus the lens proteins of inammab are antigemcally similar, though they differ 
markedly from other proteins found in the animal body This type of specifiaty 
13 referr^ to as organ ' specificity, and has been noted m antigens from brain, 
testes and placenta, and in mamnialian proteins hke keratm, fibrmogen and tbvro- 
globuhn (®ee Landsteiner 1*136) 

On the other hand antigens are often * species ” specific lie can differentiate 
by «erological tests between the egg albunun of the dock and of the hen (Dakin 
and Dale 1919) between the hcemc^obins of different animal species (Higashi 
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]922 Land^tciner and Heidclbergcr 1923 HeLtoen and Schultof 1923) and 
between <bfferenfc wgctable proteins (TVelfa aad Osborne 1911 WeiL 1915 Jones 
and GerstlorfT 1923 Lems and Tlells I92o Wells ct al I92T) 

As the classical researches of (1904) indicated in the fir=t place this 

degree of specificity may be closely correlated mth biological classifications so 
that we might expect cross reactions between the setiim protems of man and 
monkej but none between tho«e of man and ox But though this holds to a 
la^e extent later studies have rciealcd relationships between the antigens of 
organisms as widely separated as man and Shiga sdy«CDtery baciUns (see Chapter S) 
A serological relationship therefore between two organisms can strengthen a 
rehtion«lup already established on other biological grounds but it cannot by 
itself be considered as good evidence of anything more than a similarity of perhaps 
a small part of the roetahoham of the tiro organisms. 

Analysis in many cases rcicals ebenncal differences between natiic antigen® 
but the complexity of the antigenic particles concerned is «iich that analyses are 
necessarily crude Far more significant information has been gamed by altenng 
the chemical of protein antigens along cerfim buuted and well-defined lines and 
noting the r&auUmg changes in their immunological reactions 

Obermaser and Pick (lOOQ) (eec also hek 1912) ahowed that the nitrat on or halogens 
tion of proteins — that is. the introduction of tb« mtro group or of a hslogeo element such as 
todme-'ptofouadly altered the ant geme reactions of the treated protein Serum proteins 
so treated lost their spoeics specifieity but they gamed s new specific tv sbaied by 
nonaaUy uiuebted serum proteins that bad been ebemically altered by the same procedure 
Thus an antiserum prepared agamst the nitrated serum of a particular animal spec s 
faded to react with the unaltered serum of that species but reacted with tv wide range 
of nitrated sera from other animals Since U was known that the nitro group and the 
kaIo<mn elements entered into (he betuene ring of certain of the ammo ae ds wbch build 
up (he complex protein molecule 0 bcriDa 5 vraDd nek were led to attach part colar mport 
anoe to these ebcmienl group ngsas hetors deterauning immunoli^ical specific ti (see also 
irortnall 1990 Johnsou and Bormall 199^ Snapper and Grunbaum 1939 Shabrolch 1943) 

Landstemer and hu eoUeagnes bowerer bare sfao>m that the salt forming groups of 
the ammo-acids (the carboxyl , bydroxy] and ammo groupings) play an equally important 
part By esterification methylation nod arct^btioo they have succeeded m altenng the 
immunological Bpccificity of proteins (sec Landstemer and Presek 1914 Landstcuicr and 
Lamp! )0l7a Landstcincr 1917) 

This relatively simple modification of active groups on the surface of the antigen 
was largely extended by Landstemer and bis colleagues (see Landsteiner 1930 
1933 1936) who utilised the diazo reaction to introduce larger modifying groups 
into the protein molecule The snbstxnces for introduction contain an — NH* 
group usBallyattached to a nng stnw^ure in the mdlecule Tie — l?Hj group is 
converted to — Jf If Cl in pre<eiice of and HCl and the resulting diazo 

compound mixed with the protein The diazo compound reacts with the phenolic 
groups of tyrosine (see Fig 41) with the imidazole nng of histidine and probably 
with the indole group of tryptophan the — NH groop of proline and hydroxy 
protine and all the ahphaUc — NH, groups oa the protein surface (Eagle and Vickers 
1936) B} varying the conditions of the reaction it is possible to control the 
amount of modifyuig substance introduced into the protein Fig 41 illustrates 
the coupling of atoxyl (p ammo benzene ap=cnie aci 1} to a protein on the assump 
tion that It unites with the phenolic group of the tyrosine residues m the protein 
molecule 
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The te'nlts obtimed with azo-protems were cnticued by Glutton, Hanngton 
and Head (1937) on the ground that the <!mo link is highly artificial anl is never 
found in mtural sub=tances Ther devi-<d means of coupling carliohvdrate to 
tyrosine, bv an 0 gluco«ido Imkasre and attaching the compound to the XH, 
groups of protein. Sub«equcnt work (Glutton Hanngton and Tofil 153"'} how- 
ever, «howed that the nature of the linkage to the protein had no ob«ervable effect 
on the modification of antigenic «pecificitv indoced by the gluco-ido-tyrosvl groups 
them«elies. •Another objection to the dinzo method is the drastic chemical treat 
ment to which the proteins are •nibjeclcd during diazotization Hopkins and 
Alormall (1933a t) were able to modify the "specificity of proteins by the much 
gentler action of phentl i«o<vanate in alLalme solution The i»o-cyanate reacts 
with free — NH, groups to form a «nb tituted urvt The rc'ults of chemical 



modification by all the e methods ore e">?entiaHT ^uaihir, and we may take those 
obtained bv the eiten-ivelv emplojrd azo-proteins as vahd 

In general the protein to which «och a grouping has been attached will retam 
Its «pecie3 specificitv, though n«a3lly with «ome loss of potency Thus an antigen 
prepared by coupling atoxyl to hor< ^obolm will react with an antiserum prepared 
against any atoivl azo-protem m virtue of the atoivl grouping , and with an anti 
serum prepared agamrt hor«e globulm or against an azo-protem prepared from 
horse globulin m virtue of the *pecific horse-globulin groupmui. This difficulty 
IS overcome bv couplmg any groupmg that it is de*>iied to «tndy to two immunologi 
cally unrelated proteins. One of the-e is used as the antigen for the preparation 
of the antiserum, the other is used for the in vitro tcst« Thus, atosyl mav be 
coupled with horse globulin, and th** atoivl azo-protem «o prepared mav be i^ed 
for the immunization of a rabbit Ihe rerum so prepared will react with this antigen 
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m the test-tuhc m virtue of oati- 
bodj groupings thit unite specific 
nil/ with unaltered horse globulm 
But if otoxyl IS abo coupled to 
chicken globulin, and the atosyl 
82o-protcta so prepared is used in 
the i» ntro testa, the precipitation 
that occurs mil depend solely on 
antibody groupings acting specific 
ally on atosyl, since hor*e globulm 
and chicken globulin show no anti 
genic relationship 

Using these methods, it has been 
possible to prepare antisera that give 
specific precipitation with synthetic 
antigens in which the aetire groopings 
are provided by auch sutHtances as 
metanihe acid, atoxsl Ixvo. dextro- 
and meso-tartanc acid glucosidea 
gaUctosides, and so on (CAadsteiner 
and LampI 10176 Landsteincr lOtO, 

1030, Landsteincr and van dei Scheer 
1038, 1020, 1031, I03an. 6 lOJin, b, 

Avery and Goobel lOiO, Avery, Goebel 
and J&vbcTs 193J Goebel, Avery and 
Babers 103-1} dipeptides and ponta 
peptides (Landstetner and van der 
Scheer 1032a 1939) prrazolon com 
pounds (Ericmnejer and Berger 1931 
Harte 1033} p}*nduie (Landsteincr and Pine 1037) atrychnine (Hooker and Boyd 1040) 
thyroxin (Glutton Hanngton and \uill 1033) ospinn (Butler Hanngton and kuiU 
1040 and bistanuno (Fell <( a{ 1043) 

These results clearlv demonstrate an imnmnologicnl specificity dependent upon chemical 
groups of known structure lathe list three examples the specific action of the antibodies 
concerned could be shown bj a marked reduction of pharmacological activity of the 
thyrorm aspinn ond histnmme m ammaU treated with antisera prepared against thyroxyl 
protein aspirjl protein and histamine protem respectively (see also Singer p 2^0) 

The coroparkon of antigens modified by optically active isomers as, for instance, 
with dextro meso- and tero-tartanc antigens, or with glucoaide and gxlactoside 
antigens (see also ‘Vrodf, 'Mavtacli and Dowuie 1036), in which the isomers differ 
only m the arrangement rocind a single carbon atom ehows clearly that as might 
be expected, stereo-chemical differences m structure are important determmants 
of immunological specificity 

Specificity depends in part on the nature of any grouping in a complex orgamc 
molecule, aud in part on the po ition m the molecule which the gronping occupies 
Big 42 gi\ es an example— the cross pieapitxtioiia obsen ed with an antigen prepared 
from 0 amino benzene oulphonic acid (see Landsteiner 1919 Marrack 1934) 

In the centre of the figure, labelled [G] is represented the active gronpmg of 
the 820 protein used as an antigen in the pteapitation tests Around it labelled 
[A] are placed antibodies prepared against antigens synthesized by couplmg 
the groupings shown to some unrelated protem The double-headed anows in 
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When this procedure 13 adopted, it w found that relate ely simple substauces 
may function as incomplete, or partial antigens m the sense that they comhme 
specifically wth correspondmg antibodies Thus, diazotizcd atoxy! coupled with 
tjTO«ine, instead of with an intact protein molecule, docs not form a preapitatc 
when mised with the corresponding antiserum but it inhibits the precipitation 
that would normally occur when this anti«enim is mixed with an atoxyl azo 
protein A similar mhihition may be demonstrated with etoxyl itself in higher 
concentrations, or eien with arsenic acid when this is added in sufficient amount 
(Laudsteiner 1920) 

^Vhen the inhibition reaction is used to determme the immunological behaMout 
of non identical hut structurally related organic compounds it is foimd that the 
specificity 13 less strict than that displayed in cn»a precipitation tests Fig 43 
illustrates the findings in relation to 0 ammo benzoic acid (sec Landsteiner and van 
der Schecr 1931, Mamck 
1938) The antibody pre- 
pared agamst an azo protein 
containing this grouping, indi 
cated at the top of the figure, 
gives specific precipitation 
with another azo protem 
contAisiag the same actoo 
groupmg but a difTercnt pro 
teiQ component, indicated at 
the bottom of the figure 
Inhibition by various other 
groupmgs 13 indicate<l by 
the horizontal broien atro^^s 
The reaction is inhibited 
notonlyby benzoic acid, ot 
benzoic acid substituted either 
m the ortho or meta position 
by the methyl group but by 
compoundsshowmg consider- 
able structural diSerences, 
such as thiophene carboxylic 
acid and naphthoic acid 

The specific combination 
of certain azo dyes with 
the correspon^iBg antibodies, 
without the formation of 
a precipitate, has also been 
demonstrated by Marrach 
and Smith (1932), usmg an 
ingemous colonmetno tech 
nique 

AVe have already noted 

that the partial antigens that inhibit prcmpitation do not generally themselves 
yield a precipitate m vitro Nether wiU they stimuUte the production of pre^ 
cipitms in vtio In the dcfimtion of a 
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a antigen that was given at the beginning 
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dicate the instmces in which precipitation occurs The reaction is strongest with 
the homologous antigen, containing the (j) — SOjH group, but precipitation 
occurs when the — SO,H group is shifted to the meta position 

when It 13 replaced, m the ortho positum, by — COOII^Q (;oOIl) 

SO,H 

occur when the — SOjH group is shifted to the para position or when 

the — SO, II group m the ortho position is replaced by a — COOII group lo the meta 
position COOnj reaction IS also abolished by introducing a methyl 

or chlorine group in the para position, e\en though the — SO,H group is retamed 
ID the ortho position 


Another example, illustrating the importance of spatial configuration and the 
)^lmunologlc^\ equiralenee of different cheiaKal grempo so long as this spatul 
coufiguratioD u maintained u afforded by the stndies of Erlenmeyer and Berger (1932) 
They found that a*o-protcins prepared from the eornponnds V-»0 — 

SE, C~) — VH— ^3 VIf,< )— CH , — ( ^ behsred aimilarly in preapitstion 

reactions though > reacted differently 


The studies of Landrtetncr and \an der Schecr (19d3a 19316) on peptides also 
illustrate the effect of rclatire position on actiie groups m a complex molecule 

They prepared synthetic azo proteins from the dipcptiJee glycvl gl^ cine, leucrl Icncine, 
gl>c>l leucine and leucyl glycine It vas foood that the terminal anuno^cid carrying the 
carboxyLc group had the greater influence on immunological Epecificitv Thus a glycv! 
leucine antiserum reacted be«t «itb the correaponding antigen, less effectivelr with a 
leucyl leucine antigen and roach less effcctiTely with a glycyl glroine or lencyl-glrcme 
antigen The nature of the penultimate aimnoacid also influenced the reaction and 
m later studies (1939) with pentapeptides mado from ranoua comhinations of glycine and 
Icucme it was found that the arrangenient of all fire members of the polrpeptide chain 
affected specificity 

The influence of the whole substituted group apart fcom that of active acidic or other 
sob groups, IS well shown in the studies of Erlenmeyer and Berger (193“*) llutsaars and 
Gregoire (193C] and Jacobs (1937}> with compomids containing more than one benzene 
nag Here tbe nat'ase. of the whole compoiinii waa peomioRut la detensming specificity 

To obtain precipitation with these synthetic antigens and the corresponding 
antiaeri it is in mo«t ca«e3 necessary to employ the complete antigen, t e the 
active group coupled to a suitable protein 

The specificity of an antiserum however, can be tested by adding to it the 
active substance, alone or coupled to a substance ''impler than protein. Combina 
tion of the group with the antibody is then tested by adding the complete antigen 
If precipitation is inhibited, we may conclude that the simpler fragment of antigen 
has combined with the antibody, fonmng a soluble compound and blocking its 
combining groups 
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When this procedure la adopted, it is found that rclaluch simple substances 
may funetjon as incomplete, or partial aatigeas, la the sense that thej* combine 
specifically -mth conespondmg antibodies Thus, diazotued atoxyl coupled with 
tyrosine, instead of with an intact protein molecule, docs not form a precipitate 
when mixed with the corresponding antiserum, bat it inhibits the precipitation 
that would normally occur when this antiserum is mixed with an atoxyl aio 
protein A similar inhibition may be demonstrated with atoxyl itself m higher 
concentrations, or even with arsenic acid when this is added m sufficient amount 
(Laudsteiner 1920) 

When the inhibition reaction is used to determine the immunological behaviour 
of SOS identical but stmctaxaiHy related organic compounds, it is found that the 
specificity 13 less strict than that displayed m cross precipitation tests Fig 13 
illustrates the findings m relation to o ammo benzoic acid (see Landstcincr and van 
dcr Schcer 1931, Marrack 
1938) The antibody pre- 
pared agamst an azo protein 
containing this grouping, indi 
cated at the top of the figure, 
gives specific precipitation 
with another ozo protein, 
containing the same active 
grouping but a difietcnt pro 
tein component, indicated at 
the bottom of the figure 
Inhibition by Tatious other 
groupings IS indicated by 
the horizontal broken arrows 
The reaction is inhibited 
notonlyby benzoic ncid, or 
benzoic acid substituted either 
m the ortho or meta po-sition 
b} the methyl group but by 
compounds showing consider 
able structural diffierenccs, 
such as thiophene carboxjlic 
acid and naphthoic acid 

The specific combination 
of certam azo-dyes with 
the corresposdjsg astihodies, 
without the formation of 
a precipitate, has also been 
demonstrated by Marrack 
and Smith (1932), using an 
ingenious colonmetric tech 
nique 

VTe have already noted , 1^11 

that the partial antigens that inhibit precipitaUon do not generally tbcmsolves 
vield a precipitate in vtCm Neither will they stimulate tie production of pro- 
apitms in tnio In the definition of an antigen that was given nt the beginning 
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of this chapter the capacity to act as a stinmlant of antibody production was 
included among its essential properties — it is, indeed, the prope^tv from which 
Its name is denred The difference in behanoor between substances of vamng 
complexity, all bearing the same actiTe specific groupmg led Landstemer to 
formulate the conception of the haplen, ot partial antigen, which, while bearing 
the specific grouping and therefore combining with the homologous antibody, 
lacks certam of the properties of the complete antigen. 

In subsequent chapters frequent reference will be made to various poly^cchande 
components derived from different types and species of bacteria ilanv of these 
polysacchandes from the immunological pomt of view, occupy a position inter 
me^te between Landsteincr’s simpler haptens and complete antigens. They react 
specifically with the homologous antuera tn citro, givmg precipitation , but they 
do not induce antibody formation m nro, or, if they do so at all, the stimulus thev 
provide is of an altogether different order &om that provided by the complete 
antigen as it occurs m the bacterial cell It seems likely that the range of activity 
of a partial antigen is determmed in the main bv its molecular sue Landstemer 
and van der Scheet (1932b) coupled snccmic, adipic and subenc acids, through 
their anilme compounds, to proteins, and prepared antisera against the com 
plete antigens so produced Partial antigens were prepared bv coupling the 
same compounds to resorcinol The*e partial antigens gave precipitation with 
the corresponding antisera, and it was noted that the partial antigen denred from 
subenc acid gave particularly rtrong preapitm reactions, probably on account of 
Its long aliphatic side chains. 

It 15 convenient to classify the antigenic complexes we have de»cnbed under the 
foIIowiDg headings 

(a) Simple haptens, posseasiog unmonological epecifiuty, combining with the 

homologoiu antibody and so preventing preapitation, bnt neither 
forming a precipitate tn ntro, nor stimdating antibody production 
in mo 

(b) Complex haptens, possessmg inununological specificity, combining with 

the homologous antibody and fonmng a preciptate, but not stimulat 
mg antibody production in nto 

(c) Complete antigens, possessing umnunological specificitv, combuung with 

the homologous autibody and forming a precipitate, and stimulating 
antibody production tn ciw 

It must not, however, be supposed that there is any sharp natural demarcation 
between our named clas^cs It seems hkely that the characters that determine 
full antigenic potenev are hi^ molecular wei^t, associated with, a large molecular 
surface and a multiplicity of active specific groapmgs, and the relative activity of 
these groupmgs themselves. If we were m a position to give a detailed de«cnption 
of the chemical structure and immunological properties of a very la^e number of 
antigemc substances, ranging from the simplest to the mort complex, we should 
probably find that they formed a continuous rather than a discontinuous «ene8, 
the falling-off m immunological activitv as we passed from large and complex to 
small and simple molecules being marked by the gradual loss fir«t of one immuno- 
logical property, then of another, until we were left only with the abihtv to combme 
specifically with the antibody under optimal conditions of concentration and other 
relevant factors 
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The Basis ol Antigenicity 

The distinction between haptens and antigens brings us to the second of out 
iiiquines the basis of antigenicit 7 It seems likely that the characters determining 
full antigenic potency of a suh'tance are high molecular weight and the presence 
on the molecular surface of groupings that ate distinctive either by reason of their 
molecular shape or by reason of high electrochemical activity of certain sub groups 
withm the group There are no n^d cntena by which we may judge whether 
a substance is likely to be antigemc or not There are only a number of features 
associated with nnjigeuicity 

It IS Bomctimea italed that substances arc ant getue because thej are foreign to 
a given species of ammal This entenon w not very helpful If ve define foreign 
as h^nnful to tho animal no ahaU cover ant gens hte snake venom or d pbthena 
toxin but not non toxic antigens like ovalbumin If ue define it as derived from a 
different species of organlim we ehall expect for example uwuUn from the os to be 
antigeruo in the rabbit vLich is not the case If quite unjustifiablj we define it os 
not normally present in the tissues of tbe animal ne assume either that «e have a 
complete spci-ification of the normal constituents of tl esc tissues or that we can always 
recogniio an abnormal ty and wc »i aU find in a number of cases that our only ct tenon 
of abnormalitt of a sul stance is the response of tbe tissues to it ns an ant gen That 
is the term foreign can bo correctly used to describe all antigens only when it is sjmony 
mous with the term antigenic 

Wo ha'c already noted that antibody response may be conditioned by tanous 
distinguishable groupings on the surface of tbe oniigeme particle and we may 
rcosonabl) upoct that antigenicity itself will be deternused by certain combisa 
tions of chemical groups Tbc«e groups and combinations of them are called 
antigemc dctcrmiuants ' but in seeking to rdate antigenicity to the determinants 
of an antigen wo must not be ousted by a too restricted notion of a determinant 
To cal] atoxy] a determisant m atoxy) axo protem does not necessarily imply an 
additite ctTect when atoxyl is linked to the protein The true determinant is 
atoxyl in certain pojifioni on the surface of the protein The atoxyl covers some 
native groups or renders them in some way inaccessible to antibody and the 
reactivity of other surface groups may be altered by tbe presence of the new group 
■Moreover, the determinant effect that we attribute to atoxyl may depend on its 
electrochemical and spatial relations with the rest of the surface, whether antigemc 
or not 

We may illustrate this distinction by reference to the determinant effect of 
organic ar'cnic compounds Singer (1912) prepared antisera to arsenic ox globuhn 
and used it to protect mice against lethal doses of the synthetic antigeu Sue 
ceasive adsorption of the sera with arsenic rabbit glohaha and oxglobidin did 
not remove all protective power clearly antibodies to the protem-detcrminant 
complex were left in the seiuin- 

The sphere of influence of tbe determinant wdl clearly depend on the chemical 
structure of the antigen A protein antigen like horse globulin could not be spread 
in a unimolecular film without losing leacbvity with antibody (Danielli DaruelJi 
and Martack 1938} Here the relationship of ammo acids m the complete protein 
molecule was a determmant of speofiaty On the other hand the films of nneJeo- 
protein and other fractions of streptococci qirrad in thm expanded films on the 
surface of sbdes still retamed a conspicuous degree of specific reactivity (Bateman 
Calkins and Chambers 1941 Chambers Bateman and Calkins 1941) 
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Similarly with the fractionatiOQ of a nature antigen , the loss of specificity 
that follows the removal of a recognizable chemical compound does not necessarilv 
mean that the compound as such is the deternunsut and even if the specificity 
IS restored when the compound is reintroduced the essential determination of 
specificity lies m the restoration of the relations between the compound and the 
remainder of the molecnle 

Full proteins are usually antigenic though among the larger mammals the 
antibody response to piotem antigens of other mammalian 8peae<« is partly con 
ditioned by the function as well as the stmetore of the ptofyin. As Hanngton 
(1910) has pointed out the metabolic proteins ble serum globulin are folly 
antigemc the storage proteins lile lens proteins and casern less so andhonnon^ 
proteins bLe insnlin and thyroglobnbn apparently shared by a large number 
of a nima l spcoes have bttle or no antigemc power 

The early «acccs5e3 m the study of protein antigens the early failures to demon 
strate antigemc response to the injection of carbohydrates and fats, and the fact 
that most of the known antigens contained at least a snhstantial amount of protein 
led to the supposition that all antigemcity was conferred by protem and that 
m the alleged examples of non protem antigens the substances were contaminated 
with chemically undetectable but immunologically active traces of protein. It 
IS in many cases difficult to exclude fhc possibilitv of antigemc contaminants m 
a purified preparation The scanty work for example (see Blatrack 193S) on 
the antigenicity of Lptns sufTers from this defect. There is another way m which 
a substance may be erroneously called anbgenic It may combme with the natne 
proteins of the animal into which It IS introduced and convert them uto foreign ’ 
proteins that stimnlate antibody formation We <hall discuss examples of this 
instructive phenomenon m connection with byper'enaitinty (Chapter 61) Bnt 
carbohydrate snbstances have been prepared whe«e protein content is so low that 
the possibility of an elective antigemc stunulos may be neglected, bnt which act 
as fall antigens and the unique efficacy of proteins in confemng full antigenicity 
can no longer be upheld 

^mong the protema, gelatm »3 not antigeiuv IV lacks tyrosine and tryptophan and 
has only a bttle pbeoyLmme a fact which suggests (bat the sroioat c radicles are neces- 
sarv for antigemc ty («ee Wells 1925) Hopkins and WormoU (19335) foiled to make 
gebtin ant genic bv introdacing aromatic ridides Hooker and Boyd (1933) however 
demonstrated that antibodies were formed to a diazo aisambc acid gelatin complex and 
Clatton Harington and \mll (I93S} had a smular success with glncosido-tvro^l gelatin 
The absence of an aromatic radicle is not, however the sole reason for non.actigenicitr 
Insnbn which is a full protein containing aromatic radicles, is in no sense a fub anti^n. 
1 anOTis workers have reported anapbrlacticscnstuation with insobn preparations (Barral 
and Roux 1931 Lewis 193 Bemstan, Kirsoerand Turner 1933) and Wasserman, Broh 
Kahn and Hirsky (1940) record the production of complement fixing antibodies in the 
rabb t. Tmnlm nevertheless does not stimulate frankly precipitating antibodies, but the 
rntrodaction of a glacosido-tyrosvl residue converted insulin into a fall antigen (Clntton 
HanngtonandTnilll93S} Tbattyrosuieandotheraromatic radicles are not all important 
IS aLo shown bv the masking of ordinal specificify that occurs when deternunants are linked 
to anuno-aad readnes containing no armnatic rings From the alterations induced m 
serum pseudoglobulin by different degrees of substitut on of azo-atoxyl, Hanrowit^ 
Sarafian and Schwerm (1941) concluded that specificity depended cm a determinant 
arrangement of tyrosine, free a mm o and perhaps other groups on the molecular surface 
In native lens proteins, the sulphydiyl groups are apparently important determinants 
(Ecker and PiUemer 1940) 
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A angle protein molecule may possess mote tlian one set of determinants, m 
(he sense that on injection into an animal two distinct types of specific antibody 
are prodneed (Hooker and Boyd 1836) Haurowitx (1937) n]«o was able to demon 
strate distinct antibodies to globulin, atsand azo-globulm and to the arsanibe 
group alone, in rabbits immunized with an apparently homogeneous preparation 
of arsantl azo-globulm 

Further, Ilaurowitz, Tunca and Schwenn (1913) hare shown that non aatigem 
city may in fact be due to failure of retention, on the part of the animal One 
hour after injection of arsanil azo gelatin, rabbit liver contained 4 4 per cent of 
the total dose, as compared with 34 per cent at«aml azo globubn, while the corre 
spondmg figures m trnne were fiO per cent and 92 per cent Their obser%ation 
obviou«ly indicates a rccon«ideration of many examples of non antigemcity that 
have been attributed to the absence from the antigenic molecnle of substances 
supposed to render it capable of stimulating antibody production A faiinie of 
adsorption on to certain cells, or of combination with body substances may also 
underbe the varying response of different species of animals to the Type I pneumo 
coccal polysaccharide It is antigenic, or at lea<t capable of stimulating a specific 
immunity, m man, horse, cat, dog and mouse, but not in the sheep rabbit, guinea 
ptg or rat (see Horsfall and Goodner 1936, Dowme 1937) 

The AntlitnleUy o! Deastnred sad Degraded pretelu — Deuaturation by beat or by 
prolonged exposure to alkali, which lead to racenuzalton. changes the antigemo behaviour 
of proteins (see Hartley 1931, Uells 1929 Marrsclc 19^) Of particular interest is the 
effect of reversible deiutorstion When horse or ox ecrum albumm was denatured b) 
strong nrea solution, and regenerated by dialysis tbe protem was found to be less antigenic 
but apparently bad lost none of its specificity (Enckson snd Keuratb 1943 Slartin Encfc 
800, ^tnam and hicurath 1943} Tt^ toss of antigemcity wes aCtnbated to breakdown 
of internal stnielure of the molecule, the retention of specificity to the preservation of 
a charactcnatic arrangement of ammo-acid residues m the polypeptide chains. 

These authon also noted an association between sntigcmci^ of various protem prepara 
tions and thnr carbohydrate content Crystalbumtn. which was the most feebly antigenic 
of the preparations studied, contains no carbobydratc l^ck of carbohydrate cannot 
lie the solo reason for low outigccucity, for the regenerated, feebly autigenio albumins 
bad lost none of their original carbohydrate, though it is possible that the mode of linkage 
may have been drastically altered The ci»rboh}drato in some proteins may be loosely 
attached, but in other*, like seniui and egg white protein, it forms an integral part of 
the molecule and is not separable until polypeptide chaws am broken Some influence 
on antigemcity is to be expected Indeed, the accumulating evidence that & number 
of native antigens consist of complexes of polypeptides lipms and carbohydrates suggests 
that the ontigemcity of a protein may depend on tbe presenw of its non protein com 
peneatr Tbs sfnJucff cxxmjjJe cif Jbo depeadeut® td antigemcity upon a complex of 
protein and non protein aubstancea is provided hjr Morgan and Partndge’s (1941) analysis 
of a bacterial antigen m ShtgeUa This was separable into a feebly antigenic poly 

peptide and a non-antigemo polysaccharide , recombination of the two restored tbe full 
antigenic properties On the other hand there » no evidence that the carbohydrates 
associated with some of the fractions •eparable from serum albumins and globulma (Coghill 
and Creighton 1938, Rimmgton and van den Ends 1940) and from egg albmom and 
ovomucoid (Ferry and Levy 1934 Sevag and Beastone 1934, jfeuberger and YuiU 1940) 
have any effect on antigemo specifiofy The extent to which these carbohydrates are 
integral parts of native protem however, is not yet clear 

The immunological reactivity of protema decreases with progressive hydrolysis. Tbe 
stage at which the hydrolysed protem ceases to react serologically vanes with the protein 
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(see Stoll and Hampton 1&4I) Landstwner (IM2) foond that polypeptide chains of 
g-l** anuno-acida from hydrolysed silk fibnim were haptens in that they inhibited the 
reaction between fibroin and speafie antibody and concluded that the determinant nmts 
of the protem were of this size 

A number of mecbanisms can be used by an ammal to remore or neutralize 
a substance that has been introduced into it such as excretion, if the substance 
u small enough to get through the kidney hydrolysis if suitable enzymes are 
pre^nt absorption by phagocytes or by the cells of the reticulo-endothelial 
8y«tem {see Chapter 50) or in the case of substances like insulm whatever 
mechanisms normallv remove mdiSu«ibIe hormones etc after they have produced 
their phj*siological effect In the«e ciicomstances a substance will be antigemc 
only if It IS too big to be excreted too stable to be hydrolysed and so unnsual 
that It IS more readily handled by the mechanism resulting m antibody formation 
than by the more direct phyxiotogical modes of destruction and elimination. 

In summary then it appears that to be an antigen a substance must have 
certain minimum chemical properties, but it must also be so constructed that 
it cannot be handled by one of the readily available mechanisms of elimination 
and thus removed before it has time to exert an antigemc stimulus. 

The Effective Number ot Determinants, and the Valency ol Anhgen. 

The valency of native antigens may be estimated from analysis of specific 
precipitates in the region of antibodv excels This figure gives only the minimal 
number of combining groups on the aati<*eD molecule since <patisl comiderations 
may sot permit their full sataration with antibodv lo the precipitate The values 
range from 5 for crystalline ovalbumm (molecular weight about 4“ 000) (Heidel 
berger and Eendall 193oc Heidelbetger I93S) to 231 for the hsmo^amn 
(molecular weight 5 — 6 x 10^) of the crab r«ripun/s (Malbel and Boyd 1937) 

The number of valencies is correlated with the sor&ce area of the anturenie 
protein molecules (Hooker and Bovd 19P) and it appears that the maximal size 
of a determinant supposing it to be protem m nature is of the order of 30 ammo* 
acids 

By couplmg arsanilic acid m vaiymg proportions *to casern and testing the 
compounds against antisera prepared agamrt another arsanil azo-protein Hooker 
and Boyd (193'’) calculated that an average of at least 13 introduced groups per 
molecule of cawm was neces>aiy for precipitation Haurowitz Eraos and ^lari 
(1936) similarly e timated Id-*’© groups for arsanil azo-globulm The assumpbon 
IS made that the protein particles are of full molecular weight During the prepare 
tion of aro-proteins however the average parbcle size mav decrease (Hooker 
personal communicabon) aud the minima l number of reacting groups may m fact 
be lower than the calculated 10-13 
Unrecognized Antigens 

Our defimtion of an antibody implies that it should react m a d^tectaHe manner 
with the correspondmg antigen and we consequently infer anbgemcity when a 
subrtance reacts specificaUy m u detectable manner with the antiserum pre- 
pared against it It is nevertheless posable for a substance to be anbgemc m the 
formal sense of stimulating anbbody produebon and yet be non reacting Ks 
we saw m the precedmg seebon 10-^ arsanilic acid determmants were neces 
eary for the precipitabon of ar'and-aro-protem by its antibody Yet the intro- 
duchon of an average of one arsanilic aad group per molecule of protem gives 
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ft preparation that stimulates the production of antibodies to the ozo comnonnd 
{ITaurowitz 1937) 

The important olKena(ionofBawdenftndKleczlowski(I941, 1912a) that, when 
antigens like bushy stunt virus or human serum globulin are heated in the presence 
of ft serum albumin, complexca are formed which, though non precipitating ate 
still antigens, demands a similar modification of the conception of antigenicity 
The antiserum to the albumin globulin complex preripitated with globulin alone 
the precipitation was inhibited by the complex, which in this respect behaved 
like a hapten. There is no goo<I rea»on to suppose that antigenic, but non reacting 
substances do not occur in nature The cvamplea from experimental serology 
f«gsc«t that they may he dtscoseresl in the first ci«* b\ reaction between the 
antiserum " and a heterologous antigen that happens to possess a large number 
of the defcmiinant groups charactenzmg the “antigen,” and in the second case 
bv reactions between “ antLsenim” and degradation pro<lucts of the npparentU 
non antigenic substance, though it would be hart! to pre<lict the kind of degrada 
tion processes likely to yield positnc results Datrdcn and Vine (1914) base 
pro\idcd a natural exampK' of the first kind KxtracU of the leases of tomatoes 
infected with the bushy stunt nrus contain a iubstance which on injection into 
rabbits, yields an «nti»erom that does not precipfafe with the substance but 
precipitates with bushy stunt sums obtamesl from sap In this ca'O the non 
precipitating antigenic complex consisted of virus and a chromoptotem on 
separation, the former precipitated with the antiboily, and the latter had an inhibit 
ing effect on Ibis precipitation 
The K&ture ol the Antigens&atibody Uoloa 

The large hcsly of evidence makes it quite elm that the antibodp receptor 
IS adapted mlh a high degree of precision to the surface of intivc antigens and 
thM the aliptstion is changiNl b} imposing adlitiomsl determinants on the unti 
genie surface The mature of the adiptation is not clear The surficc of a largo 
molecule which may asa wjiob l>eeJectrJCfl!IyneutraJ ischaraclerued bypositivclv 
or negativelv chaiged atomic groupings, which create loealuctl tlectrio fields in 
the immediate ncighltourhooil of the molecule, operative over a very short distance 

^Mien two molecules approach eirh other closely the^e fields if of Opposite 
sign, will cause an attraction In large molecules — and it will be remembered 
that It is with reaclions iHitwecn large molecules that we are mainl) concerned — 
the clcctnc fields set up may l>e serr numerous, and they vcill have a quite definite 
spatial arrangement Token m conjunction with the shortness of the distance over 
which thc«e intcrmolecuhr forces arc operative, this complexity and constancy of 
pattern provide just the conditions required forepecifinty Two molecules possess 
ing at their surface efectnc fields so amingwf flat, wlco thc}’cciaeiatoc}osec<riitsct, 
there will be multiple points of attraction between them, will tend to adhere to one 
another Two molecules posscsaing tbo name aumlier of electric fields, but 
with these eo arranged that close contact cannot bo made at many points simultanc 
on‘ly, will show no tendency to adhere The better the fit, in this spcciaLzed "cnse, 
the greater will be the total force of attraction 

One of the best av ailablc exaroplca of the action of these intermolecular forces is 
the selective formation of mixed ciyatals The molecules involved must conform to 
the required pattern in regard to tb«r dimensions and the relative position of then 
active groupings, or atoms As a result most crystaU consist of one land of molecule 
alone , but molecules of different bnds may be built into a aingle crystal, provided 
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(see Stall and Hampton 1941) Landstwner (1942) found that jxdrTfptJde rVame of 
8-12 amincHkcids from hrdrolj^ silL fibroin were haptens m that they inhibited the 
reaction between fibroin and specific antibody and concluded that the determinant umta 
of the protein were of this size 

A number of mecharusms can be used bf an animal to remove or neutralire 
a substance that has been introduced into it , «uch as excretion if the substance 
13 «mall enough to get through the Indner hydrolysis if suitable enzymes are 
pre«ent ab«orption by phagocytes or by the cells of the reticnlo-endothehal 
"j^tem (eee Chapter 50} or in the ca«e of sub'tanccs like insulm whatexer 
mechani ms normallr remove indiSb«tble hormones etc after they haie produced 
their phvsioloincal effect In the«e cimimstances a sub«tance tnll be antigenic 
onlv if It IS too big to be excreted too «table to be hydrolysed and so unusual 
that It IS more readilv handled by the tnechani<m resulting in anObodv formation 
than by the more direct phy«iol<^cal modes of destruction and eli mina tion. 

In fummary then it appears that to be an antigen a substance mast have 
certain minimum chetiucal properties but it must aUo be so constructed that 
It cannot be handled by one of the readilr arallable mechanisms of elimination 
and thus remoied before it has time to exert an antigemc stimulus. 

The ESeebre bomber ot Determinants, and the Talenc; of Antigen 

The valency of native antigens may be estimated from analrus of specific 
precipitates in the region of antibodv excesix Thi» figure gives cnlr the minimal 
number of combining group* on the antigen molecule since spatial consideratious 
may not permit their full saturation with antibodv in the precipitate. The \alues 
range from o for cfv«tallme ovalbumin (molecular weight about -IS 000) (Heidel 
berget and Kendall l'*3oc Het lelbetger I93S) to 231 for the h®mocyaiun 
(molecular weight 5 — 6 X 10*) of the crab riripanii (Malbel and Bovd 1937) 

The number of ralenciea is correlated with the surface area of the antigenic 
protein molecules (Hooker and Boyd 1942) aod it appears that the cummal size 
of a determinant «uppo»ing it to be protein m nature is of the order of 30 ammo- 
acid* 

By coupling arsinihc aad m vamiij: proportions *to ca>em and testing the 
compounds again<t antisera prepared a"ain«t another ar*aml azo-protein Hooter 
and Bovd (1932) calcubted that an average of at least 13 introduced groups per 
molecule of casein was neccvoiy for precipitation. Hanrowitz Kraus and Jlaix 
(1936) similarlv estimated IO-‘'0 groups for ar^nil azo-globnlm The assumption 
u made that the protein particles are of fall molecular wei'»ht During the prepara 
tion of azo-protems however the average particle size may decre-ose (Hooter, 
per«onil communication) and the minimal munber of reacting groups may m fact 
be lower than the calculated lft-l3 
Unrecognized Ant^ens 

Our defimtion of an antibody impbes that it should react m a drfnrfaWe manner 
with the corre«ponding anbgeu and we consequently infer anti'^mcity when a 
substance reacts specificallv in u detectable manner with the * autuerum ’ pre- 
pared against it It u nevertheles possible for a «ubst3nce to be antigenic in the 
formal sense of stimulating antibody prodnction, and yet be non reacting As 
we saw in the preceding section 10-20 aisanllic acid detemunaDts were neces 
sary for the precipitation of ar*aml azo-protein by its antibody Tet the intro- 
dnebon of an average of one araatuhe a^ group per molecule of protem gives 
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ft preparation that •Umulatcs the production of antibodies to the azo compound 
(Hanrowitr I‘'37) 

TlioimportaDtobwBfioaofBawdenaBdKleczkon-sli(I9i2 l‘)22a)that when 
anti 5 ,ens like bu«hj stunt virus or hutnan acruin globulin are heated in the presence 
of a scrum albumin complexes ate formed which though non precipitating are 
still antigens, demands a similar modj/lcition of the conception o? antigenicitr 
The antiserum to the albumin globulin complex precipitated with globulin alone 
the precipitation was inhil ited by the complex which m this respect behaved 
like a hapten There is no good re3«on to suppose that antigenic but non reacting 
sul stances do not occur m nature The examples from experimental serologi 
suggest that thej mat be di'Cotcrcd in the fiNt case by reaction between the 
antiserum and a heterologous antigen that happens to poa«ess a large number 
of tbc determinant groups charactemmg the antigen and m tl o second ca«e 
by reactions lictween antiserum and degradation products of the apparentU 
non-antigenic eiib<finee (hough it would bo hard to predict the Lind of degrada 
tion processes likely to jnell po«iti\c results Bawden and Bine (1914) base 
ptonded a natural example of the fir«t kind Extracts of the leaves of tomatoes 
infecterl witb the bushy stunt riru* contain a substance nhieh on injection into 
rabbits viells an anti'crum that does not precipitate with the substance but 
precipitates with bush) stunt \irua oUaine<i from sap In this ca'c the non 
precipitating antigenic complex cori«j fed of iinis and a chromoprotem on 
separation the former precipitatoil with the antiboily and the latter bad on inhibit 
mg effect on this precipitation 
The Katore of the Antigen antfbodjr Uoioo 

The largo Itody of eailcnce makes it ijuite clear that the antibody receptor 
IS alapted with a 1 igh degree of precision to tU«. suffice of name antigens and 
that tie A lactation is changed t>a imposing aUitiona? determinants on the anti 
genie satface The nature of tl e adaptation la not char The surface of a large 
molecule which mar na a whole lx* electncallj neutral is charoctenred ly po«itiaclj 
or negatiielj cl argial atomic groupiigs wlich create loeafueil electric fields in 
the imineilnte ncichlrourhocsl of tl e inolerulc operate e o% cr a a ery short distance 
\\ hen two molecules approach each other eloimlj tlieae field* if of opposite 
fign will cau«c an attraction fn large molerulea— an 1 it will to remembered 
that It is with reactions iK’twwn large molecules that wc are mainly concerned — 
the electric fie! Is set up may be aerj numerous on 1 they avill have a quite definite 
spatial arrangement Taken in conjunction with (ho shortness of the distance over 
which thc«c intermolccuUr forces ore ojicralive this complexity and constancy of 
pattern proa ide juit the conditions requiml for specificity Two molecules po^scis 
ing at their surface electric fiel Is so arranged that when they come into close contact 
tl ere will be multiple points of attraction between them will tend to adhere to one 
another Two molecules possessing the same number of electric fields but 
with these so arranged that close contact cuBHot be made at many pomts simultane 
ou«lj , will show no tendency to adhere The better the fit in this specialized sense 
the greater will be the total force of attraction 

One of the best srailaWeexamplcsof tleaction of these intermolecular foreee is 
the selects e formation of mixed crystals The molecules ia\ olved must conform to 
the required pattern in regard to their dimensions and the relatn e position of their 
actii c grouping* or atoms As a result most crystals consist of one kind of molei^e 

alone, but molecules of different kinds may bo buOt into a single crystal provided 
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that the structural difTerences between them do not exceed certam hmits Thus 
for example benzene and thiophene form mixed erptab, as do 


azo benzene 


S 

'y — ^ ^ andstilbene — CH=CH — 


The formation of mixed crystals might, perhaps, be regarded as analogous to 
the formation of a precipitable antigcp antibody compound, particularly if we adopt 
Mamcl, s lattice hypothesis It u of interest to note that the phenomenon of 
crystallization also prc«cnt3 an analogy to the inhibition of precipitation by haptens 
Alany cty«tab will specifically adsorb on to their surfaces the molecules of another 
substance, with which they will not form mixed cryetab. Such adsorption inhibits 
the growth of the crystal by the addition of farther molecules of the substance of 
which the crystal is composed The conditions, in regard to molecular sire and 
po«ition of active groupmg*, that determine the specificity of adsorption on the 
surface of a crystal, are less strict than those that detenmne asnilability for building 
into a complete crjrstal lattice Tins would be expected, since only one aspect of 
the adsorbed molecule need conform to the distribution of active groupmgs on the 
surface of the molecule Relatively mall diffettutcs may, howeveT, be *u{Scient 
to determine the occurrence or non-oecorrcnce of adsorption Thus {France 1930) 
the dye 



u adsorbed on the cube faces of potash alum, while the dye 



is not 

The«e analogies cannot be pressed far for many of the substances which are 
known to act as antigemc determinants could not find m any of the geometncallj 
possible rearrangements of the polypeptide chains of an antibody globolm, con 
figurations that are specific m the sense that a surface of a crystal fits molecules 
of its own kind Sloreovei Pauling Campbell aud Fiessmau (1943) point out 
that the attractions between permanent electric charges and dipole moments 
on the molecnle are small m water, and have probably little effect m antigen 
antibody reactions , the attractions are more likely to be due to van der IVoals' 
forces and to hydrogen bondmg Tan der Waals forces are due to momentarily 
induced charges between molecules havmg no permanent dipole moments. Con 
Eidexed singly the«e forces are small and would be strong enough to account 
for attraction of antigen and antibody only if large areas of each molecule were 
approximated sufficiently to give a cummation effect of hundreds of van der Waal» 
attractions Hydrogen bondmg occurs when the hydrogen attached to a strongly 
electronegative atom is attracted to the nnshared electron pair of another electro- 
negative atom (co-ordinate covaleocy) Smee all these forces are non specific, 
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specifiaty ma:,t depend on tie esist^nce ot an area on the surface of the antibody- 
molecule that IS m stractuie complementary to an area on the antigen molecule, 

enabbng largesur/acestoapproachcIoseeBoughfortheforcestooperateover a high 

proportion of the area of contact Van der ’Waals* forces, for example, decrease as 
the 7th povfer of the distance and ate active only at distances of 0-1 to 0 3 m/i 
The complementiry nature of the two aorfaces must inclade adaptation on the 
part of the antibody to different determinants, their spatial relationships, and 
the relative accessibibty of the -various groups Cross reactions between hetero 
logons antigens and antibodies, n-heo there ts good reason to believe they are due 
to a monospecific antibody, and not to other types of antibody in the antiserum, 
would result firom the juxtaposition of less complementary areas, so that the 
attractions are feebler, the dissociation of the antigen antibody Imk. greater, and, 
as has been observed, the mhihitton with haptens more effective, than in homo 
logons reactions (Landstemer and van der Scheer 1936) 

Since it IS likely that added detennmants protrude from the surftce of ‘ syn- 
thetic ’■ antigens. Hooker and Boyd (1942) suggest that the corresponding surface 
of the antibody is a depre'^sion Indeed it may he that a spatial protrusion is 
a necessary condition for deternunajit action Hus speci^ation is supported by 
the failure of all attempts to produce specific anti antibodies, for if tbe antibody 
receptors were depte^ious on the surface of the globulin molecule they would 
on this basis have no detenmnant action. The aoti antibodies, as we have seen 
react equally well with normal globulins from the same animal, and when they 
react with the antibodies, do not interfere with the ongmal antibody receptors 
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CHAPTER 8 

THE AJ^TIGENIO STRDCTURfi OF BACTERIA 

A COMPLETE descnption of tbe anUgenic structure of a bacterial cell would lacludg 
(a) the number and Lind of different antigens present, {£>) their relative proportions, 
and (c) their position in the cell or cell appendages 

Though in no instance has a complete description of this kind been achieved, 
yet for certain bacterial speaes we can construct working models of the antigenic 
stracture, wirch, though crude, have aC least eoabled us to sofve a number of 
uumuQological purples , and it seecas certain that further advance along the same 
lines will enable us to solve many more 

We may start oui discussion by considermg the methods that are ai ailable for 
studies of this kmd 

Antisrtnic Analysis by Selective Qnabtabye Absoipbcm o! Antibodies 

The fact that a single bacterial cell contams many antigens was established 
during the earliest studies on the agglotmation reaction The ongmal observations 
of Ginbci and Durham (1896) showed that tbe specificity of this reaction was not 
peculiar to each species of bacterium For instance, while the colon bacillus was 
sharply differentiated from the typhoid bacillus and both from cettam vibrios 
these nbnos were not so clearly differentiated from one another Durham (1901) 
as the result of a more detailed study of the**® group agglutinations enunciated 
quite clearly the hypothesis of a multiplicity — as he called it, a mosaic — of antigens 
within a single bacterial cell Employing small letters to denote the antigenic 
bacterial components, and capitals to denote the correoponding agglutinma in the 
antisera, he suggested that the actual agglutuuns and agglutinogens involved might 
be represented as follows 

A^tutioogeos Agglutuuns 

Bacterium 1 a, h, c, d, e Serum I A, B, C, D, E 

Bacterium 2 c, d, e, f, h Scrum 2 C, D, E, F, G, H 

Bacterium 3 e, f, g, A, j, i Serum 3 E, F, G, H, J, K. 

The serum prepared against Bacterium 1 would contain the agglutuuns 
A, B, C, D, E, and in virtue of the presence of each and all of these it would agglutm 
ate the corresponding bacterium It would also agglutmate Bacterium 2 m virtue 
of agglutinins C, D, and E, and Bactenum 3 in virtue of agglutmin E 

The method that has been employed m analysing the antigenic structure of a 
particular bacterial stram— the method of a^lutimn absorption— was introduced 
by Castellam m 1902 , though a precisely similar method had been previously 
employed by Ehrlich and Ins co workers in demonstrating the multiplicity of 
273 
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CHAPTER 8 


THE ANTIGENIC STRUCTURE OF BACTERIA 


A cosfPtCTE description of the antigenic structure of a bactcnat cell would include 
(a) the number and Lind of different antigens present, (5) their relatu e proportions 
and (c) their position in the cell or ccU appendages 

Though in no instance has a complete description of this kind been achieN ed 
yet for certain bacterial species wc can construct working models of the antigenit. 
structure, which, though crude, hare at least enabled ns to «ohe a number of 
immunological puzzles , and it seems certain that further odsance along the •ome 
lines will enable us to solve many more 

We may start our discussion by considering the methods that are aiailsble for 
studies of thu kind 


AabK^cJO Analysts by Selective Quahtative Absorption ol Antibodies 

The fact that a smgle bacterial cell contains many antigens was cstablubcd 
during the carbest studies on the agglutination reaction The original obsers ations 
of Qrubet and Durham (1890) showed that the specificity of this reaction was not 
pecutiac to each species of bacterium Tot instance, while the colon baciUiu was 
sharply differentiated from the t}'pboid bacillus and loth from certain Minos, 
these Mbrios nere not so clearly differentiated from oue another Durhaui (1901) 
as the result of a more detailed study of tbe«c group ngglulinations enunciated 
quite clearly the hypothesis of a multiplicity — as he called it, a niosnic — of antigens 
within a single bacterial cell Employ mg small letters to denote the antigenic 
bacterial components, and capitals to denote tho corresponding agglutinins in the 
antisera, he suggested that the actual aggtutimns and agglutmogeiu mvoh cd might 
be represented as follows 


Agglutinogcni 

Bacterium 1 a, b, c, d, e 
Bacterium 2 e, rf, e, /, ff, h 
Bactenum 3 e, /, g, h, j, I 


Agsluilnms 
Scrum 1 A, B, C, 0, h 
Scrum 2 C, D. E, F, 0. H 
Seram 3 E, F, G, 11, J, K 


The serum prepared against Bacterium 1 would contain tho agglutinins 
A, B, C, D, E, and in v irtue of the presence of each and all of these it wout 1 ogclutin 
ate the corresponding bacterium It would also agglutinate Bactenum 2 in s irtue 
of agglutinins C, D, and E, and Bactenum 3 m Mrtue of agglutinin E. 

The method that has been cniployod m onalising the antigenic structure of a 
particular bacterial strain— the method of agglotmin absorption— was introduced 
by Castellani m 1902, though a precisely similar motho<l had been prcMousIy 
employed by Ehrbch and his co workers in demonstrating the muItipJicitv of 
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CfHAPTEB 8 

THE AKTIGENIC STRUCTORE OF BACTERIA 


A cosiFtETE description of tte antigenic structure of a. bacterial cell would include 
(a) the number and kind of different antigens present, (6) their relative proportions 
and (c) their position in the cell or cell appenda^s 

Though in no instance has a complete description of this Luid been achieved 
jet for certain bacterial speaea we can construct worljag models of the antigenic 
structure, -which, though crude, have at least enabled us to solve a namber of 
immunological puzzles , and it seems certain that further advance along tne same 
lines will enable us to solve many more 

AFe may start our disouaaioo by considermg the methods that ate available for 
studies of this kind 


Aotisenic Analysis by Selective Qnalitative Absorption o! Antibodies 

The fact that a single bactenal cell contains many antigens was established 
during the earliest studies on the agglutmatiou reaction The ongmal observations 
of Gruber and Durham (1806) showed that the specificity of tbs reaction was not 
peculiar to each species of bacterium For instance, while the colon bacillus was 
sharply differentiated from the typhoid bacillus and both from certain vibrios, 
these vibnos were not so clearly ^ffcrentiated from one another Durham (1901) 
as the result of a more detailed study of these group agglutmations enunciated 
quite clearly the hypothesis of a multiplicity— as he called it, a masaio — of antigens 
within a single bactenal cell Employing small letters to denote the antigenic 
bactenal components, and capitals to denote the correspoadiug aggJutmins m the 
antisera, be suggested that the actual ag^ntimns and agglutinogens involved might 
be represented as follows 


Agglutinogens 

Bacterium 1 Oj 6, c, d, e 
Bactenum 2 c, d, e, f, g, /< 
Bacterium 3 f, f, 9, f‘> J> ^ 


Agg utmins 
Serum 1 A, B, C, D, E 
Scrum 2 C, D, E. F, G, H 
Serum S E, F, G, H, J, K 


The serum prepared against Bactenum 1 would contain the agglutinins 
ABODE and in virtue of the presence of each and all of these it would agglntin 
ate the correspondiDg bacterium It -would also agglutinate Bactenum 2 in virtue 
of agglutimna C, D, and E. and Bactenum 3 m virtue of agglutinin E 

The method that has been employed m. analysing the antigemc structure of a 
particular bacterial stram— the method of agglutinin absorption— was introduced 
hr Castellam m 1902 , though a precisely similar method had been previously 
employed by Ehrhch and his co workers lu demonstrating the multiphcity of 
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bffimoljtic tmtibodics ^Vlicn an agglutinatu^ serum Is erpcbed to an excess of 
bacterial cells that contain some or all of the corresponding agslutmogens the 
agglutinins that find their counterparts »n the antigenic stractcre of the bacteria 
are bound, or absorbed, and thus removed from the fluid m which the bacteria 
are suspended If the bacteria and the antibodies adsorbed to them are separated 
by centnfugatiou, the «upematant fluid can be tested as regards its remaining 
agglatimns For instance, taking the lUustratire example given above, if Serum 1 
were absorbed with an excess of Bactennm 1 all the agglatimns A, B, C, I>, and E 
would be removed and the supernatant floid would hare no acslutmating action. 
If It were absorbed with Bactennm 2, C, D and E would be removed, but K and 

B would remain The supernatant flmd would not agglntinate Bacteciam 2 

the absorbing strain — nor Bactenom 3 («ince that bactennm does not contain 
agglutinogens o or h) , but it would «tUl agclntmate Bactenum 1 m virtue of the 
remaining agelutimn<i A and B If it were absorbed with Bactenum 3, the single 
common agglutinin E would be removed The supernatant flmd would (as alwavs) 
fail to agglutinate the absorbing strain , bat it would <tDl aggicbnate Bactennm 1 
m \urtue of agglutinins A, B, C, and D, and Bactenum 2 in virtue of agglutinins 
C and D 

A note may be interpobted here with regard to two lenas that are sometxmes loosely 
applied. The antisernoi that ts produced by the inoculation into a sutahle of a 

particular bactenum u frequently referred to as a sennn A eenim that 

agglnUnatea the same bactenum but has been produced by the mocolatioo of aoroe other 
bactenum, diflertng m one or mote of its antigenic compooenta, u tensed a hdtreLigmt 
aernm Uacd in this cense the terms an useful and lopeaS, and may he ap^ied cither 
to an antiserum m relation to a bactenom, or to two antisera or two bacteria in relatum 
to one another, unplymg in either case complete corre*pocidence between active toohmsig 
gTou|a. Thna, a aerum that contains tlie active antibodv groupings A, S, C. D is hotoo- 
logoua with a bactenum containing the active antigenic groupings a, 6, e, d , two boctem 
ea^ containing the active antigenic groupings <f, c,/, g are homologous with one another, 
and so on. Ent an antisenun containing the active groupings A, B, CV B u not hocaiv 
logous, either with a bactenum containing the active gronpuigs a, c, r, or a, 6, C, d, t, 
pr a, 6, c The terms cannot, Ic^cally. be applied to single antigens or smzle antibodies. 
They desenbe the relation between a group of differest antibodies m a cerurn and a group 
of antigens attached to a bacterial cel!, or between the group ol ant^ens attached to 
one bacterial ceU and the g ro u p attadied to another We are also, it should be noted, 
using the terms quahtatively, not quantitatively 

Suppose that we hare an unknown bactenum z, which we suspect to be antigenicallv 
homo^oos with a known bactenum y, andsoppose (hst we bare avaHshfe an anti y serum. 
We absorb the anti y scrum with x and then test it against y If it now faOs to agglutinate 
y we may assume that all the active antigenic groupiogs in y ate also present in z But 
we have not excluded the possibility that r has additional active antigenio groupin:^ not 
present my So we prepare an anti xsertim, and then absorb it with y If, after absorp- 
tion, It fefls to agglutinate z, we assume that all the active ant^nic groupings present 
in X are also present in y That la, z and y are antigeiucally homologous. This double 
croes^bsorption method is often spoken of as the mirror test.” 

The results of agglutination and adsorption testa with related strains of bactaix and 
their respective antisera, when mterpreted in the light of the«e i*incip’es, have m manr 
cases provided detailed pictures of the antigenic make-up of certam bactCTia. Tbe=e 
pictures are for the most part quahtahve, thonsfa it is usually possible to guess ronghlv 
which of the antigens predominate The vahditv of these qualitative interpretations 
depends on the assumption that the separate antigenic compo ne nts react only with 
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cwTc^ponUmf; untibodica m the Bcrum and that the vanous antibodies m the serum reflect 
the ^•Wloua antigena In the bacterium 

\\c have seen on p 231 that certain complex ant gens appear to possess more than 
one Lind of determinant, an I sfimulato the i^uctlon of an antibody with two or more 
epeeifldtiea (see Burnet 1&3I Hctde{berg«.r and Kendall IS34 Morgan 193(Ja Mejer 1938, 
J939 MJm 1039) If then we postulate a bactenam x nith an antigenic complex ab 
and a second bactenum y u ith an antigen a the rrsulta of absorption tests would indicate 
tlvat X and y were hntigenicaU\ Identical emoe ah uould remove aU A agglutimna from 
the ant; y scrum and a a ould remove the AB agglutinins from the anti x serum Indeed 
the ontj way wo shoul 1 rrer diacoxer the cxntencc of the complex ab would be m com 
panson with two other baetcnal species which happen rcapcctnelj to possess a only and 
A onl« If on the other hand we pustulate that the responso to bactenum * (with the 
complex ah) tWMists of srparate antilMdies A and B then absorption teste would f ad 
us to postulate that r and y had an antigen in common anl that x had in addition a 
distinct ahtigin peculiar to itnclf The extraction an I scjnration of the vanous antigens 
provides a way out of this impasse The dilfercnt antibodies mn> then bo removed from 
the baetcnal aiiU-«ra in ajiceific i rceipitati's and the precLse speeificitj of the remaining 
anfibcxlirs for the oil rr antigens (IcIermiiMtl 


QaantiUtiTe Tedmi^ties io AntigeoJe Analysu, 

The inoUiods of nmijreiiic naalysis discussnl above pcld qualitative answers 
F«timation of the rcUtiv c amounts of the vanous antigens js povnible onlv if certain 
assumptions nre made Tlie«e are that tierc ts a quantitative correspondentc 
Utween the diffcreiil kinds of antibodies m a serum and the difTcreot kinds of 


antigens present in the homologous bacterium that all the antigens have the 
sinie antigenic capacitr, weight for weight and that each of the antigens reacts 
Willi Its conespondmg nntibodj with the same degree of intensity None of those 
assnmptioiw u tvarranted and thej are imleci seldom made explicitly though 
thej are sometimes imi licit in the infctences drunn from analjticvl data It will 
l*e cleat from Chapter 7 that the last two assumptions ate unjustified The first 
requires a little amplification 


If a I actenurn y removes half the antibody from anti x serum the fact that 
a Large amount of antibodj peculiar to x reranias w sometimes interpreted as 
indicating a large amount of coirrsponding antigen in x But ns Jliles (1939) 
pointivl out, the antibody response to many repeated doses of a small amount of 
antigen maj be os great as that to many doses of a largo amount so that after 
prolonged iminUDustiou with a bacterium containing a major and a minor antigen 
the corresponding antibodies may be in equal concentration in the serum Removal 
of the antibaly to the major antigen wool \ m this case leave a large amount of 
airtrfnji^ rcpn5»<rnf«Tg wAuA wwa fxet x .www 

Keverthelcss though quantitative correspondence of nntibodj and antigens is 
uiilikelj ever to occur, it is clearly important to know how much of the various 
antigens and antibwlies arc contained in tho two reagents a bactenal suspension 
and an antiserum at our dL«po<«jl A Lnonledg© of the antibody concentrations is 
particuhrlj useful For example thcqnantjtativeielationshipmantigenantibody 
reactions described m Cliapter 7 permits tho measurement of the concentration 
of one antigen in a mixture of antigens derived from a bactenum 

Hcidelbergcr and his colleagues (see Heidelbeiget and Rabat 1934 1936 1937, 
193S Alexander and Heiddbcrgcr 1910 ncnriLsen and Heidelberget 1941) have 
measured specific agglutimn content m tems of maximum antibody nitrogen 
adsorbed by known doses of bactenal suspensions The data so obtained permit 
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compansoB of bacteml strams m terms ot the proportion of total antibody thev 
will absorb from a specific anlisermn. Duncan (1932a, i) and Sides (1933 1939) 
attacked the problem by means of the optimal proportions techiuquc. The 
equivalence point between a bacterial suspension and an antisenun may be the 
resultant of the reaction of a number of different antigens and their corresponding 
antibodies which may to some extent be distinguished by appropriate variations 
of the experimental conditions. 

This leads us to the problem of differentiating two types of bacteria, both of which 
contain the same antigcmc components, but in different proportions. Using the quahtatire 
differential absorption technique, with miiTimal absorbmg doses of bactena, the two types 
would appear identical emee each would absorb all the agglntimns from both the homo- 
logous and betcroIc^QUs serum using those terms in this case to include quantitatire as 
well as qualitative relations. By earefal adjustment of tbs absorbing doee it is, however, 
sometimes possible to demonstrate a quantitative difference of this Lind. An esample 
dealing with the differentialioTi of Br mditenau &om Br t^orivt, will be found cm p.824 
The Stndy ol Bacterial Vanatioa as a Guide to Asbgeme Stmchire 

Bactcnal variation ns a general phenomenon, is dealt with in the «uccceding 
chapter but the detailed study of the anhgemc differences displayed by bactena] 
variants has played so Urge a part in the formation of our present views m regard 
to antigenic stmetnre that we must anticipate a bttle and discuss in the preoent 
section certain exampUs that will help to lUnstiate the kind of antigenic ch&nccs 
that occur 

Smith and Beagh (1903) isolated a non motile vanast of the hog cholera baeOIua 
and compared its agglutination reactions with those of the normal motile, flagellated 
type of this orgamsm. They found that a <enun prepared against the motile strain 
agglutinated both the motile sod the non motile strains , but the titre was much 
higher for the motOe than for the non motile, and the clumps formed by the motile 
strain were flnffy and formed rapidly, while the clumps formed by the non motile 
stram were tight, small and graoiJ.tr, and formed far more slowly A scrum 
prepared against the non motile strain cgglnbnated the motile and non motile 
strains to the same degree, giving in each ease the slow, grannlar type of agglutuia 
tion. The serum prepared against the motile strain, when ah'orbed with the con 
motje strain, lost its power of agglntinating the non motJe bacilli but retained 
its power of agglutmating the motJe strain. The «ernm prepared against the non 
motde strain lost its agglutinating power for both strains when absorbed with the 
moble stram Smith and Beagh concluded that the normal motJe hog cholera 
bacillus has two kinds of antigens one contained in the flagella the other in the 
cell body The non motOe type has lost the flagellar antigens and retains the body 
antigens only Beyer and Besgh 0904) extended these observations and showed 
the flagellar antigens were so altered by heating to 70® C for 15 minutes that 
the heated bacilli no longer gave the flagellai type of agglutination, htit reacted like 
the non motde strain. The «omatic, or bodv, antigens were not affected by this 
treatment and still gave the charactenstic slow, granular agglutimition (see also 
Orentt 1924, Craigie 1931) 

These observations of Smith and Beagh and of Beyer and Eeagh demonstrated 
all the essential pomta of difference between the flagellar and somaho types of 
agglntmation, but they passed almost unnoticed untd ainJar findings were recorded 
by Wed and Felix (1917) in connection with their work on the diagnostic significance 
of the agglntmation of a particular strain of protens bacillns by the blood of a patient 
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suffenng from typhus fever The protens baoiUus, la its normal, flageJIated form, 
grows on the surface of nutrient agar as a thin spreading film which resembles the 
rnJstproducedb7breathingoaglass,andwasnamedthe/faKcAfcirm— the ‘breath ’ 
form, by "VVeiJ and Felts- A nan ^geUated Harriot grew in isolated colonies with 
no thin spreading growth between them , this was the Okne Hauch form— -the 
form without an exhalation Aa is the way m laboratory shorthand these soon 
became the ‘ H ” and “ 0 ’ forms , and so the thermolabile, flagellar antigens are 
now the H antigens, and the thermostable, somatic antigens are the 0 antigens 
Arkwright (1920, 1921, 1924) workmg with bacteria of the typhoid paratyphoid 
dysentery group described a type of vanation that has proved particularly instruc 
live from this point of -view Be noted that a particular type of variant was of 
relatively common occunence among these bacilli , and this variant differed from 
the parent form m several characteristic ways Thus, the normal patent form gave 
smooth colonies on a solid medium and a diffi^ growth in broth and was not 
auto agglutinahle m normal salme (0 85 per cent ) The variant form gave rough 
or granular colonies on solid media and a grannlar growth in broth and was auto 
agglutinahle m normal aahne, though a stable snspension coaid usually be prepared 
la distilled water or m a sah&e solution with & greatly decreased salt content 
(02-04 percent) These differences m colony form growth m broth and salt 
sensitiveness were associated with a profound change lo antigenic structure The 
normal parent form reacted specifically as regards its agglutinabihty by immune 
sera , the variant was agglutinated not only by its own antiserum but by antisera 
prepared against many other bacteria m tbe rough state some of which were only 
distantly relatod to the parent form according to the ordinarily accepted bactetio 
logical entena By the usual transition-through shorthand to symbols— the 
normal form, giving smooth colonies, became the Smooth (or S) form the variant 
giving tough colonies, became the JJot^A (or R) form And here again we have 
become entangled m the web of out words for we have never defined exactly the 
criteria of roughness and smoothness Tbe implicit meaning is certainly not the 
meamng we want , since, as we shall see the correlation between colonial form and 
antigemo structure is by no means constant If -we give Smooth and Rough their 
obvious or commonsense meaning then wc shall want new terms for the underlying 
changes that really interest us If we employ the legitimate licence of scientific 
terminology, and say that by Smooth we mean one sort of antigenic structure and 
by Rough another, then we must at least define quite clearly what we mean Up 
to tbe present we hare evaded onr difficulties and so we find that the rough type 
of one species is recorded as having the more important characters of the smooth 
of anathec speowa, aa m the case of the anthrax bacillus (see Preisz 1904, 
Eisenberg 1912, Bordet and Benaim J93^ Tomcsik and Szougott 1932, 1933) 
or It becomes necessary to invent new descnptive terms, such as matt and glossy, 
asm tbe case of the hiemolyticstreptococcasfsee Todd 1928o, h, Todd and Lancefield 
1928) Probably the most convenient con^entioa is to use the symbols S and R 
to distinguish the antigenic vanation and retain, as far as is necessary, tie words 
Smooth and Rough as descriptions of colonial variants There will thus be no 
contradiction m asserting that the S form of B anlhracis grows as a rough 


In most of the cases with which we are tamhar the change from S form to 


R form (the S R variation) IS , i i j 

tion of obvious importance to the imimiaologist-as well as with a particular kind 


with a 1<»3 of virnlence — an associa 
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of change in antigenic stmctnre. We have very good reasons for believing that the 
change in antigenic stractnre detennines the loss of Timlence, and it certainly 
determines the change in antigenic valne of the variant strain regarded as an 
immunizing agent We may, then, for onr immediate purpose and to avoid con 
fusion, eipUcjtly limit ourselves to this antigenic Vnnation and its consequences, 
noting that if we define the S— i-It vanation m this way we are acting in defiance 
of general usage 

la terms of antigenic structure we inay say that this vanation consists in the 
Jo*s of the heal slaUe tomaUe antigen that damdcnza 0 e swface of the normal virulent 
baaenal tvH This loss may be associated with an nncovennf' of some other somatic 
antigen, which then dominates the anbgemc behanoor of tbe strain 

\ anation of this type has now been described in a wide ian«'e of different 
bacterial gpeaes — m theParf«ure//agtonp(deKnufl921,T\eb5terl92o),mpneniao* 
cocci fGnffith 1923, Beimann l‘»25, 1927), m staphylococci (Bigger, Boland and 
OMeara 1927) in streptococci (Todd 1923a} and in a host of other organisms. 
We are ptohablv justified in regarding it as a tvpe of variation to which pathogenic 
bacteiu are inherently Lable 

Sometimes (see White 1932 1933, Henderson 1939) this variation may proceed 
still further, and another antigeuc constituent mar be lost. Tbe antigenic be- 
havioor of the organism may then be dominated by a component that, m the 
normal state was altogether latent. It may be noted (a) that the R vambon 
IS quite independent of the H 0 vanation (rough varunts are often fisgellated}, 
and (h) that loss vanabons of the S— ^ R or more deeply «eat«d tvpea are often 
ureversihle • 

There is another kind of antigenic rarubon to which reference must be made 
before we pau to the next section of onr di.«casboD 

Andrewes (1922, 1925) described a canons phasie ranation m the H antigens 
of certam flagellated species. Taking two bacteria, x and y, that showed the 
flagellar type of agglutinabon when tested either against an anti x or against an 
anti y serum, and therefore possessed at least one H aabgen in common, he absorbed 
tbe anti i aemra with baciUus y and tbiB obtained a serum that agglnVinated x but 
not y He then took a broth culture of x and plated it on a solid medium, thus 
obtaining teparate coloniee Subcnltaruig from several of these, he obtained 
different cultures, each repre^nbng a single bacillus m the onginal broth culture 
When, he tested these different cultures against the anti x serum, rendered specific 
by absorption, and against the anti y ferum, containing the common, or *' group ” 
antibody, he found that his subcultures fell sharply into two classes. Tho«e of one 
class were agglutinated to titre by tbe specific anti z serum, but not at all by the 
anti-y serum. Those of the other were agglutinated to btre by the anti-y serum, but 
not at all by the specific anb x serum. The only possible conclusion would seem 
to be that the onginal culture of x showed crosa agglntination with the anb-y 
scrum not because each bacillus in the culture possessed two antigemc components, 
say a and b, m their flagella, o being specific for x and 6 'being shared by y, but 
because some of the bacilli possesed a alone, and others b alone We need not, 
for the moment, worry as to whether the a bacUh do or do not pos>ess a trace of b 
and vux vena Similarly Andrewes WM able to show that the y culture, which 
agglutinated with anti x and anti-y sera, contamed some bacilli po°sesyipg the 
common flagellai antigen h and others ctmtaming an antigen c specific for y The 
bacQh that possessed the group antigen only were referred to as being m the group 
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cbemica] fractioMtion, nam*-lj that tre&tmeat used mar partly l>nt fcaSiiaesjtaaT 
bIUt the eahstanoe sre are looking for The pnemaooocieal polraaechaade ts 
isolated sraa not antigemc. Ej l»a€ t-heinically active fcactioaatioa, an aeetrlated fosa 
of the Buhiflance is iroduced, «hich is ummm^ozicallr far more B."njfieaEt (Atstv and 
CoeW 1933) 

Lanotfield (192SJ separated antigenic composects from haCT^vt)’* s tiep toeoea hr 
chemical tacthoda. She fjnnd that the component that confers trpe-fpeciStsty is and 
Boluhle and contama some 14 per cent, of protein nitrogen. In it* pnmfied elate it u 
hapten Lhc, in that it gives speeifie proapitation la the test tnbe but to stmnjlsle 
antihodv production in iito In addition to thw tvpe-spea£e antigen tiisre is a pcJv 
sacchande component that u shared by many types of luemoJytic etreptoooca, btrt dif 
ferentiat^ tbe specie* into large sub-gronpa (L^ceheld 19S3) , and there is a naiso- 
protem antigen that is shared by a «^e Tanetv cf streptococci, hzmolvtic and nmi- 
hiemol^'tie Studies by Todd and LanoeSeld (I92S} (see also Tji«eefi»U and Todd l(*2s| 
have sboirn that the change from the virnleat matt to the aTiroloit glossr form is associated 
frith tbe loei of the tvpe-epecihc component, the polysac^tande caspoaent being retained. 

Tbe capeulated baeiUos of Fnedlander haa given results entsdy analogoas to those 
obtained with the poeumoeoecus (Heidelberger, Coeb^l Avery 1925 JnhaneHs 1*126) 
The species may be divided into a number of sharply demarated aerolc^cal types. Tbs 
type-specificity u conferred by a pcJvsacchande hapten present in the eapnle. Tbe 
l^y of the ItedUuB contains a oadeo-pmtcin antigen that u shared by aS Qpes. 

1 dysaechande haptens hare also bm isolated hxnn the tnbende badhns (laidlarr 
and Dudley 1925 Eader* 1929), from Eaet taetu ccmyjiu (Tomesii sad Karotohbo 
1929), from organisms of tbe Sclmm/Jli groop (Furth and landsteiner 193$, 1929), from 
cholera ribnos (Landstemer and Lenoe 1927. Jemolpcra and Bsjinonhaja 1930), from 
Shiga s dyseoteiy bacQlus (Meyer 1930. hbrgaa 1931), from the anthrax ba^u (Toae^k 
1930 Schockaert 192S, Tooesik and Szongott 1932) and from yeasts (hludlsr and Teacdk 
1924 Stone and Carrad 1931. Donean 1932a) 

Recently the isoUtkon of antigens mote neatly in the native form hsa been {aaL<ated 
bi gentler and in some cases more spemfie oethods of fractionatiCBi. Among these «« 
may mention tnehloracetic acid fBotnn and hlcarobeanu 1933) and diethTleos glyc^ 
(Morgan 1937) for tbe extraction cf the mam antigenie complexes fram aalmoneXla and 
dj'eenterv bacilli (see Chapters 29 and 30), Itaistnck and Topley s (1934) method for the 
same type tnhstawe by tryptic dsgeetina <st acet ou e- exti acted bactena » Msi Fullet a 
(1938) fonnamide method of extracting groop-speofic e oia ponenta from streptococci. 
Some vibrations apparently LTierate antigens from bacteria xa a more natrve form. Mndd 
and hiB colleagues (1937) succeeded-bv this means m isdating from Sir pgog^u a labile 
antigemc substance buQt up of smaller, eerologically specific fractions extracted by Lanee 
field By emular methods SeTBgaQdhBCoTJeagaes{194l)Beparatedfroiathsdisintegrated 
streptococcal cells large numbers of antigenic ** macromolecular ” particles containing 
lipins nucleic acid protein, carbohvdrate and a pigrnent. 

Julianelle and Wieghaid (1934) and Thompson and Khorazo (1937) isolated carbo- 
hydrate snhstances responsible for the type specifia^ of Staph, aaretia By milder 
procedures Terfcey (1940) Kolated an additional, type specific ptntein antigen. According 
to 3Ienzel and Rake (1942) the type-specific substance of the Type II meningococcus 
Gives Its serological activity to a carbobydmte polypeptide complex differing from the 
type specific polysaccharide and type-specific protems desenbed for other ^lecies of coed. 
(For the characteiuation of protein antigens in the gonococcus see Stokinger d af 1944 , 
andof various antigenic fractiQua in C dipftttm* see Wong and T’ung 1939 1940,W<sig 
1940 and Hoyle 1942 ) 

The case of the anthrax bacillus presents points of interest. Tbe normal nmlent form 
of tbs bacillus is capsnlatcd and gives a rough colonj on agar . the aviralent variant is non 
capsulatcd and gives a smootu colony on agar (ftmsz 19(>4,Bisenberg 1912) This, tfaea.ia 
one of the cases Iti which the wsnnal relatioa betscodi smoothness and vumlence is reversed- 
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It was natural to suppose that the pc^jaac^arida eompouent isolated from B anttraei^ 
was the capsular material but Tomcsik and Ssca^tt (193^ 1033) report that tha is 
not the case They state that the polysaccharide is a somatic component common to tJ e 
Tirulent capsubted rough colonj forming tvpe at d to the avirulcnt non caps ilitcd 
smooth-colonj forming type ’Ihe capsular sut stance is a protein bko s ibslancc 
IvinoTics and his colleagues identified the capsular substance as a polrpeptide which 
on hydrolysis yielded J( ) glutamic acid almost m the amount to be cipeetctl if the startins 
substance arere built up of glutanuc acid onlj This anUgcnically distinct capsuUr polv" 
peptide was also found in B mwcnlcnCTts and certain otl er memWrs of the Batill » group 
(fcSnoTics and Erdos 1937, iTanoncs and Bructaier lOS'a 6 103?) 

There is another way in which chemical methods may be appl od m ti c investigation 
of antigenic stmcttire Bacteria may be treated with various chemical solvent* or other 
reagents with or without heat and the efiect of this treatment on t? eir immunologinvl 
behaviour may bo stsdird (see IVbito l‘>27 1923 1929 1932 1933) 

As an example of an indirect method of chcmicn) analysis we may cite lim compiri-on 
of the serological reactions of a natural antigen with that of a s^'nthMic iniigen n) «i. 
hapten is of a known chemical nature Thus Goebel (1030) confirmed the impirtu •> 
of glucuronic acid m the molccubr structure of the capsular polysaccharide of Tape* U 
ni and VIII pnenmococci by demonstrating tho cross reactions between th" p Iv 
saccharides and antisera to glucuronic aeid aso-proteim The method » not cut r Is 
spcciSe since a group of non identical haptens having certain cbcnuenl s miUntics i as 
cross react with one another Thus the precipitation of antibody to gaUetos ie aio 
protein by the polysaccharide of pneumococcus Type I confirms the impcrtanre of the 
galacturoruo acid identified in the polysaccbande molecule but antisera to aio prote n 
antigens cootaiamg a betueoe carboxylio ndicta (which has never been identified i 
Type I poeaBococci) also precipitate with the polysacchsnds (Goebel and Rote! kias 193* 
The cross reaction in this case appeored to depend on the rcaclmty of the antiwra <n]> 
acidic groups urespectire of the hapten radicle that bore them (are also Gocbil IDI 

The first essential for the charactenzatioo of a bacterial product is the certainty 
that it has been synthesized by the bacterium and not derived from tho culture 
media from which it was obtained It will be obvious that btood and other animal 
proteins used in culture and adsorbed to the bactenum, may induce the formation 
of antibodies that are later confused with those induced by the bactena (see, for 
esample. Bliss 1939) 

Eadoy and Kaffcl (1941) record that cv^n infusion broths will subslantiatly mod fy 
the antigemcitv of bacteria grown in tVm In aawciation with baetena non antigt-mc 
substances bke agar mai be antigenic (Sovdclh and Mayer 1031, ilorgan 193G6 SickW 
and Bice 1933) Tlie roeeliamsm of this aasociation is unknown, but Partn Ipe and Slorgsn 
(1942) have provided a model for it by malimg artificial antigenic comptoics of agar an i 
the coningaled protein component of the endotoxin of^’^ 

The development of eufturo media whose component* am til kna«nttui allot erlstlrcl} 
low molecular weight will eliminate th» source of error (‘Ve for example Irreman 
cl al 1940 } 

It should be emphasued that only in a few cases has the chermea! constitution 
of antigens been fully determined The antigenic substances i«oJatcd from I actena 
are usually either largo molecule* or large associations of molecule* The infer 
prctation of their biological actint} m terras of chemical structure m«*t alwars 
be tentative m the al*cnce of satisfactory enJcncc that the pro-luct u pare 
Unfortunatelv the biologist s and the chemt*t * conception of punt r are »ot alwai-s 
coincident, and each (ends to iw entem lwrrowe.1 from tie ot) cr, without full 
appreciation of ihoir limitafioa*. For inataoee the fart that a sul stance Jas 
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undergone several successive preeipitahons by the same reafl’ent or successive 
crj^talUiations from the same solvent, u no guarantee of its punty, for loosely 
bound heterogeneous complexes will exhibit constant preapitabihty, and mixed 
and contaminated crystals are cotamon m biocbenmtiy For further details 
on this important point, reference ehonid be made to Pine’s (1910) review of 
tbe subject 

The Shanng ol Anhgemc Components between Unrelated Bacteria, or between 
Bacteria and Other Cells 

In the course of the nnmerota studies that have been made on antigenic structnie, 
instances have come to light of the sharing of a particular antigenic eon^nent by 
bacteria that show no sv^tematic lelation to one another, or by bactena on the 
one hand and plant and animal tissaes on tbe other It is possible in some cases 
that the reported immunological cross reactions may hai e been dne to the presence 
of contammating antigens dLicussed in the previous section It will be noted 
that tbe various t 3 *pea of pneumococci fignre largely m the examples given below 
This predominance is not necessarily a pecnhanty of the species , more probablv 
it IS a reflection of the extensive American work on the pneumococcal antigens 

Thus pneumoeoccnaTvpel andceriamcohfonabanlbarefierologicsUvreUtedfBanMs 
and Wght 193o) The caiwnlar polysaccharide of pneumococciis Type II u cWIy 
similar to that of tbe Type B pneiunobaciBos (Avery a oI lP2o, Jobanelle 1938), to 
polysacehandes isolated from a species of veaat {^ogg BjchardsoD and >«I1 1929) and to 
a apeon of Levcoaojtoe (Sugg and Hehre 1942) , a^d mea TvatUona ownr between this 
type and Post lepiHptiea (Dingle 1991) * 

Antisera to Types II and lH pnenmoeoeci react with a polvsacchande obtained by 
partial hvdroljwa of gum aiabic (Heidelbeiper, Avery and Goebel 1929), and of gum 
acacia cberry and other vegetable gums OlarracA. and Carpenter 193$) MiHet and 
Boor (1994) report cross reactions between Tvpe HZ pneumococcus on the one hand, and 
meuiRgococcua and gonococcus on the other aud Kanffmaoa and Langvad Nielsen (see 
Alofch 1942) between Tvpe TV W and a Salnuntdla species. There are samllar relaboa 
ehipa between Type VI pneumococcus and B iRjfeen.(7 Tvpe o (^lapinan and Obccne 
194** Neter 1943 Zepp and Hodes 1943) 

Tbepolyaaccbande of pneumococcus Type XI\ is ivisted to that which characterises 
the antigen of tbe human Group A red blo^ cell (Goebel rf «/ 1939) and both are related 
to the «otDatic polvsacchande of tbe anthrax haciUns (Iranoncs 1*40) 

3Iany other examples could be ated of relationship between marbedly diffenng speoes, 
particularly withm the group of the Gram negabve intestinal bacflli. Perhaps one of the 
most stnlang antigenic relationshipe is that between certain species of Profew nigam 
and certain species of Etelttltvi (see Oisptcr 39) where the antigenic vanetiea in one 
group are to some extent paralleled by antigenic varieties m the other 

An equally cunoua example of this <hanng of antigenic components is affcoded by the 
pre«enee in a wide variety of bactena fd Forssman a heterophile antigen (sec p lCb9) 
which 13 a constituent of the red blood coipnscles and tissue cells of certain amniAl species 
(see Eothacker 1913 Ii}imal923 Schmidt 192o Meyer 1926, 1930, 1931, ileyerandMcagan 
J935 Powell 1926 Yasni 1029 Combiesco tt aL J9^, Eisler 1931o fc. Eider and Howard 
1931 1932 Bailey and Storb 1931, Bocbbinder 193o, ilotgan 193”, Goebel and Adams 
1943 Goebel et al 1943) 

There is, of course, nothing very bixarre m the occurrence of identical, or closely 
fiimilar, antigemc groupmgs m livwc cells that have no close systematic relatronship 
The specificity that antigen antibody reactions detect i», as we have seen, a chemical 
one The fact that it is also biological, m the synematie sense, depends on the 
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vraj in which the chemical snhstance* or the complexes of enzyme systems that 
synthesize them arc distrihutea in nature It is ^ ery probable that as our search 
extends, we shall come on one instance after another m which antigemeallj' similar 
snhstance^ ore fonnd in entirely dis<sinular biological situations 

The Iiocalization of Antigenic Components in the Bacterial Cell —The observations 
recorded above, and many others that will be referred to in subsequent chapters (see 
particularly the antigenic 'tructure of the typhoid paratyphoid group Chapter 30) 
not only tcU ns that there ate many different antigens in bacterial cells, and that 
these antigens have different chemical constitutions they give us some indication 
of wbereabouta in the bacterial cell these different antigens are placed They 
indicate also that this antigenic anatomy is a factor of primary importance m 
deter m i nin g that cell s immunological bc^viour Out conception with regard to 
the way m which such components ate actually arranged can be set out moat easily 
in diagrammatic form But it must be empha«ized that our diagram is not apictnre 
By placing an antigen at the ceU surface we are implymg that it behaves as though 
it were there By placing it beneath the surface we mean that it seems m the 
norma] fonn of the orgamsm, to be orcrahadoired by some other hactena' com 
ponent How the components are really arranged we do not know except that 
we can certainly allocate «ome to fiagella or capsules and are almost certamlr right 
m supposing that changes in antigenic behanour are associated with changes at 
the cell surface It is quite likely that antigenic vanation is associated with a 
change in the amount of a particular ontigeaie component as well as a change in 
Its aitaation A cotuponent, for tostaoce, that has been unmasked by the loss of 
another component may be produced m greater amount when it assnmes a dominant 
position on the active suiface of the cell Perhaps in some cases it la only 
represented in the normal cell in a rodimcntary form 

Beating these caveats in mind we may consider the diagrammatic arraugements 
of antigens set out in Fig 44 

At A IS represented a portion of a fiageUated bacillus m its normal virulent 
smooth form, with one antigen at the surface of its fiageha a second and a thud 
antigen at the cell surface, a fourth antigen sitoated more deeply and masked by 
antigens two and three, a fifth antigen situited more deeply still and a sixth 
antigen situated centrally m the cell body 

At B IS a portion of a bacillus having the same antigens, but without flagella 
We might regard it as an 0 variant denved from A Alternatively we might alter 
the nature of the antigens, maintaining their arrangement, and regard it as the 
normal, smooth form of any non flagellated organism 

At C IS a rough variant from A It has kept its flagella and its normal flagellar 
antigen , hut it has lost the antigemc components that detenmned the nature of 
the cell suiface m the normal, smooth form A deeper antigen has been tmmasked 
It wJ! be noted that a few of the antigemc components that ongmaUy lay more 
deeply std) are represented as having now fonnd a place at the cell surface 
In some ca«e 3 (see White 1933) antigemc vanation by loss may proceed still 
further The characteristic rough somatic antigen may disappear and the bacterial 
surface may be dominated by components that lay very deeply in the normal, 
smooth form , , ^ 

At I) IS an Organism, such as the pneumococcus, havmg a capsule that consists 
mainly of one kmd of antigen (or hapten) Beneath it, m the cell body, is another 
antigen which is entirely covered by the capsule 
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CHAPTEU 9 

BACTERIAL \ARUTIO\ 

Is the earlier bactenological wntings from the days of Pasteoi and Koch onwards 
there will be found scattered referencca to certain bactenal gtraina that have 
deviated m one way or another from the modal form of the particular «peciea 
concerned In the earliest days of all when the doctrine of spontaneous generation 
was dymS but not yet dead it was udeed the fiuty rather than the varubihty 
of faactcrwl species that was in dispute It wns not however until the beginning 
of the present ccntui) that any *cnoas attempt was made to study bacterial vana 
tion as a problem Budget <tis or to apply to bactens the concepts that had proi ed so 
fruitful in the study of the higher plants and animals Danng the first decade or 
60 of the present eeotury these attempts were sporadic but during the last twenty 
fire years an musense impetus has been giien to this line of uquiry by a senes 
of converging studies and the relevant Lterature has ezpaoded from a tsickle 
to a flood 

The significance of many of the observations that have been recorded is at the 
moment exceedingly difficult to assess Some of them serve to iSustrste the wide 
range of vanation that may occur within a single bactenal spec}e« hot tell ns 
! ttle or nothing m regard to the relatnefre^oency of the difTercnt variants desenbed 
or the factors on which the lanation depends Others are concerned at least in 
part with problems that have been desenbed m Chapter 2 — the existence of a 
complex bactenal Iifc-cycIe of filtrable forms of ba term of some form of sexual 
repr^uction and so on In the present chapter we shall di:!Cus3 the general problem 
of bactenal vatiatioo, as illustrated by a senes of observations the selection of 
which must of necessity be to some extent arbitrary A more detailed account of 
certain v anants will be found in the systematic descnptions of the difTeteni genera 
and species given m later chaptes 
TennmolDgT 

The application to bacteria of terms that have been coined to express changes 
in lorm or function occumcginfaigher plants or ammals is not without it* dangers 
and it IS possible that there is bttle real justification for the use of such a term 
as mutation in connect on with the vanat ons which bacteria may undergo Some 
b ologi^ts would attach two implications to the use of this term the suddenness 
of the change — the vangtionyer ralftim— and the permanency of the change, once 
it has ocenrred- Dobell (1913) regards as a mutation any permanent change 
which 13 transnaitted to sub'^equent generations of bacteria without any impbca 
tion in regard to the suddenness or giadaalne«s of the change or the manner 
of Its acquisition IVe must at all events remember that moet of our conceptions 
w th regard to vanation and heredity have been built up on data derived from 
observations and eipenments on living thin^ which paas through a sexual cycle 
2S8 
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•nJ. to lonp aa ftt wpattl Iscttna as orgnni'iiia multiplying by aimple 

linar\ fi«.«nn,Mre mu«t A\ni 1 til*' (<‘nlpncy to mtMpply coticcjitH winch !n\etbcir 
fA*cnlul tia*i5 in tic wvrc!:‘‘l»'>n, anl CAnjugitton, of a •j>ccinl system of rcpto 
tfucttsp rfW«. Mmr of the coiicej*^ ate aiipficif.fe , as we notcil m Chapter 2 
the of jpcrific rlnractcrs throQgh a Jargt tmtiihcr of generations of 

a liaciennni implies an 1 errJitary tnechanism of some Jcinil, and one that hehatei 
as a unit villun the hacleml cell For the purposes of hactenal genetics, it is 
irrelesatit whether a nuclear apparatus hxs lieen demonstrated moridiologically 
or not. A logical deilurtion from the mathematical data of genetical experiments 
»i‘h otter species lea Is to a eliromoM>me and gene me<;htni«m has© as jet 
tr»aFicicnt data on lactcrul heredity to justify the assuniption that here ai«o 
there IS a Hinilar mechanuin, but in the mesnUme. )t is convenient and indeed 
sensible, to urs* thov* eftneepta of peocrat genetics winch arc applicable to bacteria 
We may jw>*tulA'e a Lajloil or a polrploid nticleus, scanty morphological 
itmlie* ru?pe*t tl at haploid and j'Cfhaps diploid nuclei at© liLely to be commontsl 
m bacteria. Th© mutations ot served in lartena ate characleriied by absence 
of tie rntermetliate fomis, and a moilcnite readiness to reser*toii If these arc 
doe to peftw changrs m tl © rorlcu*, tie »n»»*t llelr of aJI Inown li [>rs of 
ehange is trati*genation |ljn<legren I'*SS) U should W notcl, however tint 
sirple^ll cultures, which are es.«©n*i»l for the jt<j>er study of liactensl putcucs 
do ni I neceasanly rei re*ent a airple cell in tie genetical fcti*©, for maiiv single 
fell* aj>i*ear to ronUin timre tban one nuclear umi In this respect at hast a 
tee* nirjuo for the saofpA<A»;ien/ dereonitration of a nuefens is a necessary f mnda 
tioa for the fommlation of a nutbeoiatical ’ nucleus refcrrr«J to above 
In one Kn*e, l*act©ru offer a fruitful fetd for the itudy of mutations Ob'«rv 
al 1© irutations occur with great ranty among more complex inuUieelluUr organisms 
If I actma! mutations are of the same order of ranty, the bsctenologist will have 
amj le oppottumtien for ob»©rvirp them, smee the colony that prows from a single 
cel] after a slay a inrul ation on an arfiRcul mnlium may contain lO^-lO* in hridual 
vuLlc cells, rr|revntjng lie end result of an ersn greater number of divusions 
daring which mutation coull have occurred 

The tern ** Lacletwl diwocwtion " is firijuently pmployetl to denote n par 
ticolar tyjo of bacterial varuUnn (see Hadley 1727, 1937, and Morton 1910, for 
delaile*! reviews) This term, in Jta generally acecptwl aetise, denotes the appear 
atice. m a bacterul culture, of forms which differ *harj>Iy, in ono or more char 
afters, from tl© " normal ' forms of tbo jvirent strain , that is, the strain may 
If said to have undergone dissoention into two tyTO*. differentiated from each 
o'her in cofony form tn sttttgrnic stmetarr-, or ta ftxse pthei way The \ana 
Uon inuil If disronlinuoua in type, even though there is some overlapping, and 
the du-sociated, or variant form, must be •utScientJy stable to maintain its new 
cliaractenr over several generations, whether or not it eventually reverts, wholly 
or in jisit, to the normal form from which it was derived 

Tliosc who uphold the v lew that bacteria pass through a complex life cj cle hav e 
naturally sought to relate the phenomenon of dissociation to the phases of this 
cycheal development (Ifadtey 1927) , hut the term may be employed in a purely 
descriptive sense, without any reference to the possible cxistcnco of modes of 
reproduction other than simple binary fisaon It is, however, doubtful whether 
dissociation " has any advanUge over “ variation * as a descriptive term , and. 
since It IS desirable at ibc present sUgc, to avoid any implication m regard to 


2M BACTERIAL TAEIATIOV 

tbe underlying mechanisms involved, it seems wn-jr to adhere to thi* older name, 
which «er\es our purpose well because oT its very vagueneas. 

Correlated Vanatioos. 

/Vn observed variation m anr given bactena! character clearly gams m si-Tufic 
ance if it is found to be unifotmly or frequently associated with a change in som* 
other character, or characters It is a fairly safe assumption that correlated 
variations of this kind indicate some relatively major change m genetic tnaLe-up 
^Vhether the correlated character changes are diiferent erpresaoas of a «in 2 lc 
character factor, or arc dne to changu in two or more genetic factors that are 
themselves associated as a result of the reproductive mechanisms of the cell, 
we cannot tell , but m a few instances, as in the smooth — ►rough variations to 
which we have already ttfened in Chapter 8, and which we shall shortfy describe 
m more detaO we can relate many of the associated character changes to a Ios.5 of 
the ability to synthesize and store a particular chemical component of the bactena] 
cell 

Impressed Vanatums 

By an impressed vanation is meant a variation that occurs in Te«pon<e to a 
particular environmental ‘timulus, so that bv applying the stimulus we can 
induce the ramtion at will It shonld be noted that if this term u to be apphed 
in itsstnct «eEse it is tbe genetic variation that mnrt be impressed, not merely the 
character change by which this vanation u recognized. We know, for instance 
certain genetic vanatioos in insects that lead to the appearance of wcU-de&ned 
character changes under particular envuonmental conditions In the abveoee of 
these conditions the insects appear to conform to the normal tvpe, though the 
genetic diirereace*) which are themselvesquite independent of these envuonmental 
factors, per<ist all the tune. The enteru that justify the conclusion that a parti 
colar vanation has been induced by a particular environmental stimulus are clearlv 
that the application of tbe stimdos should regularly be followed by the appearance 
of tbe vanation in question, and that the vanaut form should persist, over manr 
generations at least after the stimulus has been withdrawn The appearance of 
a vanant fonn in response to a given stimulus, followed bv immediate reveison to 
tbe normal form when tbe stimulus is no longer apphed, should be r^arded as a 
temporary adaptation to a changed environmeDt, rather than as a variation in 
the sense in which that term is used here It is often extremely difficult, in the light 
of our present knowledge to determine m which category a given change in bacterial 
form or function should be placed. 

It will be convenient to the variability of each of the more important 

bacterial characters in tom indicating where posable, whether the vanation in 
qufistiQU IS correlated with others, and whether it occurs naturaDy or m response 
to any known change m envnomneot 
Tanabons m hlorphology 

There are innumerable accounts m the bteratuxe of changes m shape, size or 
structure of bacterial cells Some of these such as the involution forms that appear 
in cultures of the plague bacillus when that organirm la grown on agar with a high 
salt-content arc clearly a direct response to an enviroiimental stimulus, and are 
not inhented. In other instances it is very difficult to tell whether or not true 
variation has occurred. From among the many exampi® available, we mav select 
the following as fllnstrating the kinds of variation that have significance from our 
present pomt of view 
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BarWr (1907), starting ^ itli a single strain of Fact eoh, selected and subculturcd, 
f)> means of a micromanipulator, individual bacterial cells tliat had grown to an 
unusual length In this waj iic was able to isolate three strains that grew in 
the form of Jong rods throughout nuny successn e generations, showmg no tendency 
to revert to the modal short bacillary form of the original parent strain Thi® 
would appear to afford an instance of the {K^tuation of a natural heritable 
lamtjon bj simple selection 

\\e have already, in Chapters, noted the occurrence of the H —> 0 vanation 
— the loss by a flagellated organism of the capacity to produce flagella, associated 
of course with a loss of motility When this variation occurs naturally, the vanant 
0 form usually shows no tendency towards reversion. The importance of this 
change from the point of view of antigemc analysis led to a search for methods 
by which it could be induced at will It has been found that growth on agar 
containing 0 1 per cent phenol largely, or completely, suppresses the formation of 
flagella (Braun 1918) , but the non flagellated cells so obtained give use to the 
normal flagellated form when subcnltured on ordinary media , so that we are here 
dealing not with an impressed vanation but with a temporary adaptation to 
env ironmcnt 


Another sinking morphological vanation « the occurrence of aspotogenous 
vanants of such spore licanng bacilli as B aniAraas (Pteist 1904, Eiseoheig 1912} 
Masj of these aatura)iy>occiimag asporogenous rariacts have shows so tendency 
to revert to the sormal spore beanog form Pasteur (ISSlo, b) found that 
the growth of JJ anikroct4 at 42 S* C for about o month resulted in a great decrease 
m the frequency of spore formation, as well as in a decrease in virulence , and 
Pous (1890) obtained asporogenous strains of this organism by growing it in the 
presence of low coneentratioos of antiseptics IVhethci the asporogenous stiams 
obtained by these methods were examples of an impressed vanation or of a 
temporary adaptation to environment is difficult to determine Later expen 
meats by Bordet and Hcnaux (1930), however, strongly suggest the occurrence of 
an impressed vanation of the genetic type They found that certain strains of B 
flni/iracis, yielding the normal, flat, filamentous colony when grown on solid media, 
gave n«e on prolonged incubation to a characteristic type of papillary daughter 
colony consisting of asporogenous bacilli By repeated subculture from these 
daughtercolonies a completely asporogenous strain of B anl/irocts could be isolated 
When the medium on which these strains of B anOtraas were grown was deprived 
of Its calcium by treatment with oxalate, spore formation was stimulated, and the 
papillary, asporogenous daughter colonics did not appear When the calcium con 
tent of the medium was increased, by the addition of a little calcium chlonde, the 
frequency of spore formation decreased and the papillary, asporogenous daughter 
colonies became very numerous Repeated subcultures from these daughter 
colomcs again produced a completely asporo^ous stram (see also Bordet, P 


1930) 

There would seem to be an interesting difference between the asporogenous 
strains of B onlhrccts obtained by the method of Pasteur, and those obtamed by 
the method of Bordet and Renaux Although growth at 42 5° C for several 
days leads to a decrease m the average virulence of a culture and to the appearance 
of various abnormal bacillary forms, many of which are non spore bearing, Preisz 
(19111 was unable to find any correlation between the capacity to form spores and 
virulence as tested by ammal inoculation Spore bearmg strams might be virulent 
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or avirulent , so might asporogenoas strains. In Bordet and Renani’s eipen 
rncnts the acti%ely spotogenona atraios obtained by cultivation on oialaled media 
were highly virulent, while the asporogenous strata? obtained by subcaltunng from 
the daughter colonies on media with a high calcium content were completely 
avirulent It would seem, then, that loss of ability to form spores is sometimes, 
bnt not always, associated with loss of vinilence. The most reasonable hypothesis 
would seem to be, either that asporogenous strains may be produced by different 
genetic mechanisms, or that the presence lo a medinm of excess of calcium stimulates 
some genetic change m addition to that on which the loss of fpore-beariDg capaaty 
depends We should not, it may be noted, on the basis of these divergent result^ 
be justified in regarding this loss and the Ims of virnlence as correlated variations 
in the usually accepted sense The use of precisely defined media w31 m all proba 
bihty throw light on a number of morphological variations, though there are 
at present only a few isolated observations on this pomL For example, m an 
atmno*acid glucose salt medium, and sub-optimal amounts of an umdentified 
growth factor present in liver extract, gonococcal strains produced large, distorted, 
swollen, ‘ vacuolated," and doinb'bell forms , in the presence of ample growth 
factor, the cells grew in characteristic diplococcal forms (Lankford, Scott, Cox 
and Cooke 1913) Badger (1911) records an interesting variation in a Type HI 
pneumococcus for which cholme was an essentia] nntrient. The chohne could 
be replaced by ethanolamine, and m tic presence of the latter, the pneumococcus 
grew in characteristic long chains Again, Pappenhnmer and Shaskan (1914) 
found that Cl. uvlc^ii grew as regular rods m a medinm containing enough iron 
to ensure maxunum growth, toan production and breakdown of caibohydrste. 
With a redaction of iron content only, tbere was a depressos of these activities, 
and the clostndia grew as curved, elongated and entirely atypical baollL 

Tbere are many other ways in which bactenal vanants may depart from the 
normal morphological type of the speaes to which they belong A capsulated 
orgaoism, such as the pneumococcus, may, for instance, give nse to a non.'Capsulated 
vanant This particular vanation is, however, associated with other important 
changes in behavionr, and it will be more convenient to consider it in the section 
dealing with antigenic vanation 
Variations m Biochemical Reacboos 

Since the earliest days of baetenology, differences m fermentation reactions have 
been extensively ntiUz^ in differentiatiDg bactenal speaes or types that belong 
to the same genus or group, as judged by morphological or other cntcna To be 
of use from this pomt of view the fermentabon reactions of any given speciM, or 
type, must, of coarse be constant This has been found to be the case, to the 
extent that it is usually possible to select empincally a number of substrates that a 
given organism, m its normal fono, will consistently alter or leave unaltered. It 
has, however, been found that for any given bactenal species there are other gnb- 
strates that are sometimes fermented, eometimea not , from the systematic pomt 
of view we should say that those paiticnlai substrates in rdationto that particular 
organism, had bttle differenbal value Similarly, some bactenal speaes vary more 
than others m their fermentabve abHities , and the differential value of fermentation 
tests therefore vanes from one bactenal group to another 

In trying to aww the significanre of the numberless recorded instances of 
vanants that differ m their fermentabon mctions from the parent strain from 
which they were denved, we must ke^ these facts constantly m mini ‘VTe may 
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regard an/ given bactenal fpecies as equipped with an armoarv of corvmic 
tDechamsms of the load di^caised tn Chapter 3 Some o'' the^ maj pcrEap* 
iead3r beloe* bv disuse and as readdr rained if called into actmtvbvappropnate 
ftimoli Others mav, perhaps, be esjlr adapted to deal with some -nb'trate 
that does not differ too greatlr from that which the enzyme natnrallv attacks 
Other®, again will depend on more constant and fnndamental cell mechanisms 
these will be lost, regained or altered onlv as the ie«u!t of some deep-«eated variation 
in ceil strnctnie 

It u mdeed impossible to draw any hard and fast tine between tho?e chanscs m 
fermentative ability that arise as temporary adaptations to environment and tho'e 
that mav be regarded as vambons of a more permanen* tmd though certain 
instances can be assigned with some confidence to one categorv o* the other 

AiiaptiTe and CocstitntiTe Enzymes — ^The enzyme response of a bactenom to 
a ®nbstrate mav fall into one of two cla®se3 The enzvme may be produced onlv 
in the presence of the ®nbstrate or it mav be prodaced whether the substrate is 
there or not Thns Wortmann (l^-) describe a bactenum that p’odured 
amvlase in s starch medium, bat none m a starch feee medium, and contrasted 
it with a yea5t, which prodneed invertase whether ®un:o»e was present or no 
For these two clasi>e3 Karstrom fl930 1937) propcced the names a lapnve 
and “ eoostitotiTe ’ enzymea. For example the prodnettoa of molecular hvdrt^ea 
from glucose or formic acid by Bact eott was found to be due to two adaptive 
earvzaes one a glucose hydregealys-^ the others formic hydrosen3yaie(S eph-asoa 
and SticUand 1902 1930 Tadlan ho^ only were the eszymes adaptive 

bu^ they were appareotly formed ta restin'^ as well as m reprodsane cells Nime 
protoplasmic gr^h, however, appeared to be necessary since in the absence of 
nutnect broth no enzymee were formed (<i>e also Stephenson aud ludbn 1*^06^ 
The adaptation disappeared m the absence of the stimulating substrate and wos 
therefore not heritable 

Enzvme formation may aUo be conditioned bv (he pr^ence of materials which 
are unrelated to the substrate presomafaly becaite they are needed fur enzyme 
synthesis (sec Jacofav 1916 1917, 1916 Pasvmore and Tndlan 1937) Qoastel 
(1937) developed this concept fav postulatuig that enzymes themselves were meta 
bohtes whose rates of formation and destruction follow the same phyacochemical 
laws as tho&e controlling- the metabolMn of o her metabolites in the cells the 
presence of substrate therefore might or mi-ht not be the particular condition 
necessary for the production of an enzvme. In his view the adaptive and con 
stitutive enzymes lepre^nt the Imuts of vanability of cellolar enzymes the 
constitaUTe having the leart the adaptive tie greatest range under different 
environmental conditions. 

Enler and Cramer (1913) were able to stimulate the production of mvertase 
in a yeast by the addition of fructose or glucose and also by manno«< It appears 
therefore, that not onlv sabstrate- but the products of hvdrolvns of substrates 
and chenucaU related to the substrate act as stimulants of adaptn-e enzvraes 
Accord^ to Yudkin (1935) the Mass Law «etves to reconcile manv of thc^ pheoo- 
mena of enzvme adaptation If it fa assumed that the enzvme and its precursor 
are m a -Ute of eqmlibnum m the ceB with the precursor predominatiosr and the 
enzvme m undetectable amounts a jubstiafe, its hvdrolytic producte, ora related 
substance wDl by combining with the enzvme, «hift the eqttihbnuiD «o that more 
enzyme is formed from the precursor lie mere presence of the 
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insufficient ; it must be utilized by tbe metabolizing cell Thus, the productiou 
of the enryroe hydrolysing the sp^c polysaccharide of Type III pneumococcus 
by Dubos and Aiery’s (1931J bacillus was retarded when nutrients more readily 
assimilable than the polysaccharide were added to tlie cnltnre (see also Dubos 
1910) 

It should l>o noted that the appearance ot an enij-me does not nceessarilj implj its 
increased production, the effect mar las due to actiration of an enzyme alreadi existing 
in coa«idernblc quantity It may also be due to the retnoral of an inhibitor, rather than 
the addition of a sobstmte For instance the tryptophanase system of Bnct eeJi is 
adaitiie but when tryptophan » present glucose and phenvbUiune will inhibit the 
producUon of the enzyme system 1 y rrating bacicna {Erarei, Hantliej and llapixld 1910) 
llawson and llappold (1^3) suggest that the pbenrlalamne mar art by eomjieting wit)i 
try ptopJmn for a labile component common to two enzyme systems one the tiypfophanasc 
the other concerned with carbohydrate storage in the eelL 

Kocholaty and hia coUeagues (Korhotaty and Hoogerheide 1935 Kocholaty and 
Well 1935) report enzyme adaptations to ranations m pH They produced a shift in 
the pU Qj lima of for example, the alanine and pytunc dehydrogenase* of Cl sporojrncs 
by varying the pH of the cnltnre media and fonnd that Cl hutolyfieum grovm m a 
casein medium produced proteinase* mth an optimum activity at pH 7 0 but when 
growT) in a casern glucose medium at a lower pH produced proteinases with an optimum 
at pH 6 0 Cells from glucose-cavin cultores when transplanted to the plain easeui 
medium within 20 hours, had produced tbe proteinase with an optimom at pH 7-0 They 
vrera also able to tram Cl AistiWyticum to attack casern or gelatin alone tboogh normally 
it attacks both equally well Thu specificity was yrry lab le however for when ammo- 
acids not present in the homologous protein were added (o tbe medium tbe resolting 
enzymes attacked both proUuu To explain these phenomena they sought to combine 
kudkins mass action theory with Qoastel s theory of enzymes as metabobtea by assuming 
that relativeU few colloidal earners arc available for a number of ensnnes and that 
under different conditions these eombioo with different active groupings to form enzymes 
of different activity or specificity On this basis Yudlun s precursor may be a colloidal 
earner in equthbnum with vanous prosthetic groups of enzymes On the other hand 
thu tvpc of pH adaptation may depend on a multiplicity of enzymes van Reyningen 
Corcs&iapVe dcscnbedtaapTOteinaartiuCI liwtol/icuin one aeUvateilby cyxtemR, 
appearing in tbe first 12 hours of growth one appeanng later which waa inhibited by 
cysteine 

In other organisms a clo^ relation is demonstrable between the pH optima 
of enzymes and the cultural eonditiona in which tbe enzymes come into play 
Thus Bact cob Sir /trcofis and eertaro clostndia produce amines &om ammo- 
acids by specific decarboivla<es that act only between the limits pH 2 5 and 5 5 
These decarboxylases are formed only when the organisms are grown m acid 
media (Gale 1940 1941) Agam at a pH id the vicmity of 5-0 Bad aerogems 
decomposes pyruvic acid with tbe fonnatioa of acetylmethylcarbinof , at a 
higher pH this activity is entirely suppressed and decomposition proems by 
breakdown into acetic and formic acids (Silvennan and Werfcman 1941) Extend 
mg the«e investigations. Gale and Epps (1942) showed that Bad coh could grow 
m a ca«ein di^'cst at any pH between 4 5 and 9 0 and that though with changmg 
growth pH tbe enzymic constitution of tbe bacteria changed there was no evidence 
of any shift, in the pH optima of individnal enzymes Tbe enzymes concerned 
fell into two groups The formation of those m the first group increased as the 
growth pH deviated from the pH at which their action was maximnm «o that 
in each cell the drop m activity due to the pH change was compensated by the 
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increa-^ed production of enzyme Citalase aiease and fonnic dehydrogenase were 
included m these enzymes one of whose essential functions appeared to be removal 
of inhibitory products of metabohsm these were maintained at an efScient lead 
01 er a large pH range The enzymes of the second group displayed only a small 
degree of compensatory formation when the growth pH shifted from the pH of 
their optimal activity They behaved like adaptive enzymes but adapts e in 
respect of pH rather than of eabstrates Nevertheless they contributed to the 
stability of cellular equflibrium Thus in an acid medium ammo acid decarboxy 
lases and consequently amines were ptodaoed on the other hand ammo acid 
deaminases and consequently hydroi^acids were produced m an alkaline medium 
Adaptation occurs much more readily m physiologically young than in 
older cells (see for example Hegarty 1939) and we have already seen that 
adaptation takes place in resting bacteria The independence of reproduction and 
some forms of adaptation is confirmed by the interesting study of Doudoroff 
(1940) on the adaptation of Bad coU to sodium chloride 

When the cultural conditions such as air supply concentration of nutrient and j II 
".ere standardized a fauly constant frocton of a fresh water culture of Daet col vxs 
able to reirod ICO when moculated into a medium of definite \aCl coneentrat on The 
acchmatization to salt was independent of reproduction since bacteria m the stationary 
phase were fa>r more readily a>cclunatized than those in the phase of logarithm c growth 
or the phase of decUne Only acclunatized ccUs were capable of reproduction m saline 
media but if after acebmat ration the non dindmg cells were returned to salt-free med a 
they npidly lost the capacity to grow in sahne media Once scclimat zed the cells could 
be propagated in saline media without further accliroat zat on though the divis on rate 
was considerably lower than that m salt free cultures 

Optimal acclunatizatiOQ to growth even in b gh salt concentration was ach eved 
by ptel uinarj exposure to a s ngle tntermediata salt concentration In other words 
the adaptive response of the bacteria consisted firstly of a reversible acclunatizat on 
Independent of reproduction and secondly of a selection of the cella with the w dest 
range of potential ties for gro eth in various eonoeatrations of saline 

The distmction between adaptive and constitutive enzymes u perhaps more 
a quantitative than a qualitatnc one The production of constitutive enzymes 
varies according to the conditione of culture and sometimes accordmg to the 
presence or absence of the substrate Moreover adaptite enzymes are con 
stitutive m the sen'e that they are a constant feature of the bacterial cell As 
far as we are aware there is no recorded instance of a bacterial strain losing the 
capacity to make a giNcn adaptive enzyme r«jpon«e by coatinuous subcuJiore 
in media which preserve the gwim) chaiactcia of the strauv In other words 
though by definition the adaptation is not bentabJe the specific adaptability 
certainly is IVe do not know whether the potentiality for adaptation is mam 
tamed as a precursor or as the enzyme itself but in some cases it is possible that 
the enzyme is present as such when no substrate u present though in undetectable 
amounts 

Vanahon and Mutation in Enzyme Systems —At the other end of the scale 
of variation we haie those changes which are presumably due to the selection 
01 er a large number of bacterial generetiona of relatively rate mutations Changes 
in environment of the land that induce an adapUve response m bacteria may also 
serve to make mutations mamfest In a case of this kind the distinction between 
the two effects would lie mainly m the persistence of the mutation effect when 
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the onginal en%nronTnent was restored We most neverthelcas gaard against a too 
literal interpretation of this difference, for as we have pointed oat above bacterial 
generation ander expenmental conditions w so rapid as to compensate for a very 
low mutation rate (the ratio of the mnnhei of mutations to the total munher 
of cell diiLsions) It follows that if mutations m the reverse direction were as 
frequent as those m the direction of an obsersed sanation variation and rei'er 
Sion might be accomplished with such epeed as to suggest a temporary adaptation 

Mutations are not equally rare in all bactenal strains. Indeed some produce 
sanauts so constantly and in eueh relatively large numbers that they are often 
de«ignated as unstable ’ strains DesLowits (1937) concluded from a studv 
of unstable colony variants of 5o/m. typhi munum that unstable strains differe«l 
from stable only m having a mutation rate of the order of 1 per cent, or more 
The existence of the«e unstable” strains raises a practical point of some 
importance in distinguishing adaptation from true mutation. 

M e has c eeen in Chapter 3 that the typhoid bacfllns though normally dependent 
for Its growth on the pre-ence of trvptopban can be trained to synthesize this 
essentia! metabolite from ammonium salts, and in Chapter 6 there are numerous 
examples of habituation of bacteria to growth m otherwise inhibitory concen 
trations of vanous antibacteml agents These changes in most cases permanent 
are excellent examples of impressed variation in biochenucal constitution. A few 
examples from recent work, on the vitamin meubohstn of bacteria and yeasts 
wiQ] serve to show the effects of such trauuog and the degree of success which 
attends it 

Mood Andenon and tVeriman (1939) trained a strain of propiome acid Lsetena to 
di*pen.se with thianun. and Ut«r showed (Brennan and tTerkznan 1D33) that the trained 
cultures were svatbeauing a substance that bad the biological quahties of thiaoun. 
Lranian and LiUv (]&12 1943) induced ecvctal atraua of the ywXSotxf>onmyt*4etrmntt 
to grow without one or mote of certain essential vitamins inclodmg thiamin, pyridosn 
inositoU pantatheme acid and in aome cases biotm At least two of the vanauU grew 
without all fire vitamins and in some cases the growth in the aWnee of one ntannn 
induced the power to dispetae with cAber nlamins aa wtU. Some vamnta iwerled 
easilj but many of them reverted only after eix months subculUvation aa a medium 
containing all the ntamms. 

Koeer and Mnght (1913) trained four atrains of dysenterv bacilli to dispense with 
nicotinamide The rananta could be obtained either by aenal aubralture m a glucoeo 
aQuno.acid medium coutaioing dtmtnisbing quanlitiea of rucotinamide , oc by ineubatioa 
of a large tnoculum in a mcotinamide free iDedjiiiQ Under the latter conditions the 
proportion of vananU to the total of viable cells increased dnrmg incubation. Ihe 
variants resembled the parent Strauss both antigemcsUy and in their gioes fermoitation 
reactions hut never dcrrloped as Jaxnnaotly as in media contaiiung optimal amounts 
of the Titamm Nevertheless thev had acquired the power to synthesize a substance 
phy^iologicallv equivalent to lucotinamide lot filtrates of their cultures in vitamin free 
media supported the growth of strains of bacteria known to require nicotinamide 

Whereas the typhoid bacillus appears to acquire the abihty to synthesize 
tryptophan with relative ease its nonnal inability to attack lactose seems to 
depend on a more fundamental peenbanty of ceU organization, since it is extremely 
difficult to produce lactose fermenting strains of this organism, even by prolonged 
tra inin g m media containing this substrate as the m a in available source of 
carbon °Twort (1907) has succeeded m producing one such strain , and we may 
perhaps regard the extreme ranty with which this change has been induced as 
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evideuce that it depends on a major lanation m cell organization, though it must 
be noted that Penfold (1910a) foaod a I'Mrtose-fennenting strain of this organism 
to be \ erjr unstable, with a marked tendency to rererfc to the non lactose fermenting 
form 


In this connection we may refer to an interesting type of variability m en 
zymtc activity which was first demcmstratcd bj ilassmi in 1907 This obsener 
described a colifonn bacillus which, on first isolation, faded to ferment lactose, 
and hence gas e nse to colourless colonies on an agar medium, containing lac 
tose and an indicator that gave a red colour m the presence of acid From the 
third day of incubation onwards, small papilla; began to appear on theoe colonies, 
and took on a red tint, indicating that the bacilli composing them were break 
ing down the lactose with the formation of acid Subcultures from these papillie 
gave non papillated red colonies, showmg that the power to ferment lactose had 
been transmitted to the descendants of the bacilli which had originally formed 
the red papillse , and repeated sabcolturos showed that this power was not sub 
«equently lost Subcultures from the co1ourle«3 parts of the ongma! colonies 
however, gave rise to colourless colonies on which red papilla; appeared after about 
3 days, just as in the case of the origmal culture , and repeats subcultures from 
the colourless portions of the colomes of successive generations gave similar results 
Thus, the non lactosc-fermentuig form of this organism showed a constant tendency, 
when grown on a lactose containing medium, to give off lactose fermenting variants 
m which the new character appeared to be permanent To this organism Slassini 
gave the name of bacterium cofi mida&ite Such a bacterial strain may, as Dobell 
haapomted out, be likened to the ever sportmg races of plants wbch have frequently 
been desenbed Mas^mrs observations bare been confirmed, m all essentials by 
many subsequent workers (Burk 1908, Beoecke 1909, Bum 1910, Eowalenko 1910 
Baerthlem 1912<r, b) , while Benecke, and Kowalesko, added greatly to the sigztifi 
cance of their results by starting with a culture obtained from a single bactenal cell 
thus ebminsting the possibiLty that the phenomena resulted from an ongma) 
admixture of »trains la a careful quantitative study, Lewis (193k) showed that 
the mutation rate in this organism was such that when it was grown in a lactose 
free culture medium, one in every 100 000 viable cells produced a lactose fermenting 
colony Lewis ako observed that the proportion of variants was relatively constant 
A relatively constant proportion of variant and normal cells has been recorded 
by other observers as charactenang cectain mutating strains (see, for example, 
Solotorovsky and Buchbmdet 1941) 

Experiments along similar bnes, employing other species belonging to the same 
bactenal group, have been earned out by Penfold (1910o and 6, 1911a, 6 and c. 
1912) and lluUer (1908, 1911) The observations recorded by these observers 
have made it clear that the behaviour of Massim a Bact -cofi mvfaMe is by no 
means a bactenologica! cunosity, but that, given a substrate appropriate to the 
particular species under investigation, many members of the cob typhoid dysentery 
group will adapt themselves to a particular nutnent material which they do not 
immediately attack by giving rj«e to rsnants endowed with the power of breaking 


down this particular substrate 

Thus Sa!m t>jph usually fads to ferment dukitol, but when grown on a 
medium cootaming that alcohol, it gives colomes which develop dulcitol ferment* 
ag papil)» (PeofoM 191ft., 6 1911) , tie ame otirmeim behave, s.nnl.rly towarf. 
tbamZsa (Mallei 1911), ."Ue Sala, yaralJfA. B behaves simnarly towaida 
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raf5no«e From JlQller s account »t would appear that the thanina«e fermentin'' 
%amnta of 5a?m typAi, and the rafBno«e-fennenting variants of 5afm jxmii/jih B, 
are non reverting modifications of the parent strain Apparentlj , also, fnbcnltorea 
from the non fermenting portions of the colonics in these two orgammis, showed 
the same tendency to throw off fermenting variants in the form of papilte, as was 
observed by Massim in the case of Bad eol\ muiabiU Penfold s observations do 
not howeier, confirm the absenreof a tendency towards reversion Inconnection 
with the appearance of dnlcitol fermenting forms of Salm trjph, m particular, he 
fiqds that snbcultnres from the dolatol fermenting papill®, or from fermentm" 
cultures m dnlcitol peptone water, show a marked tendency to revert to the non 
fermenting parent form dunng the earlier generations If the 'cl'^ctiie process is 
continued through a long senes of sucee«ane generations the tendency to reversion 
becomes le«s and less though it appears doubtful whether absolute permanenev is 
ever attained Pcnfold concludes from his results that the more rapidly a par 
ticular species acquires the ability to ferment a particular substrate, the less 
tendency is there for subsequent reversion , while the longer and more ngorons 
IS the training required to bnng about the appearance of fermenting variants, the 
longer must that training be afterwards continued to make a lasting impression 
on that particular strain 

Certam experiments earned out by Penfold (lOIlh, c) and by Revis (1911, 
1912) have brought to Lght a different type of impressed vanatioa in bacteria. 
Pcnfold found that, bv growing certam strains of Baet nJi on an agar medituB 
containing sodium mooochloroacetate, he was able to isolate strains which retained 
the power of producing acid m all the usual carbohydrate media, but which had 
Io*t the power of producing gas in many of them. Moreover, he found that while 
the power to produce gas from sugars, or from substances giving nse to sugars 
on hydrolysis, was asually snpprea^, the power of forming pas from alcohols, 
such as maiuiito] or dulcitol, was usnallv unaffected, or bat slightly diminished 
The only exception noted was in the case of rhamno^e, a methvl pentose, which 
was fermented with gas formation by the variant strains 

Goodman (1908) obtained vananls ehowmg differences m fermentative abilitv 
by an essentially different techniqne Starting with a particular rtrain of C 
d\phOiena, which produced s certain degree of acidity m dextrose broth, he in 
oculated 15 tubes of this medium from a amgle colony, and determined the degree 
of acidity attamed after a few days From the tube showing the highest aciditv 
he inoculated 15 tubes of the same medium and a similar number from the tube 
sbowiug the low^ acidity This process he repeated through 36 successive 
subcultures \t the end of this senes the high acid strain produced a titratable 
aadity more than twice as great as the parent stram while the low acid strain 
produced no acidity at all As would be expected this strain had also lo»t its 
power to produce acid from maltose, but it is of mterert to note that ita power 
to produce acid from dextrin was almost unaffected These observations would 
appear to afford an example of the separation of a bacterial stram into a fermenting 
and a non fennentmg variant, by a simple process of "election without any modifiea 
tion of the environmental conditions , for though it u true that the high acid stram 
was m fact subjected to a h^h concentration of hydrogen ions during its successive 
subcultures, while the low acid strain was not, it is difficult to understand how 
the latter condition could lead to the production of a variant wbcb had lost its 
power to ferment dextrose and maltose, whfle retaining its power to ferment dextrin 
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Variahons m Pigment Prodaction — It lia« long been lecogmzcd that different 
strains o£ a particular bacterial species which gives rise to a coloured growth on 
the ordinary laboratory media may teij widely m their power of pigment produc 
tion , and that any particular etrain may lose this power as the result of repeated 
sabcoltnre and may regain it /or no apparent reason at some later penod In 
many cases it has been demonstrated that particular enviioamental conditions 
are favourable or unfavourable to pigment production but there are many ca«es 
on record in which vre cannot reasonably attribute the loss of pimnentation to 
such external influences 

An interesting senes of obsen ationsbave been recorded b^ Fettgcr and Shemck 
(1911) who studied a strain of the red C/ romobactertum pro/luftos nn which had 
partially lost its pigment producing capacity Bj successive subcultures from 
growths on solid media using in one senes the most pigmented part of the growth 
and m another that part which showed least pigmentation they were atle to 
separate a strain which produced an intensely coloured growth and a strain which 
gave almost colourless colomes The segregation of tlie«c two types occurred eariv 
in the senes of subcultures and there appeared to be some tendency for the highly 
pigmented vanant to revert to the slightly pigmented type though the iropcrtv 
of intense pigmentation was suece^uUy maintamed by selection through a long 
series of subcultures There was, however no apparent tendency for the non 
pigmented vanant to acquire the property of pigment production Within recent 
years there have been numerous records of colourless vanants of species that arc 
normally pigmented In some cases at least these vanants differ sharpi) from 
the parent strain m the form of colony produced as well as iq the absence of pigment 
and in such instances the variation appears to have much in common with the 
discussed m the succeeding section 

Antigenic Variations and the Changes u Colonial and other Characters Associated 
with Them the Smoo(h>Roagb Vanation 

The Smooth — ► Rough {S —*■ R) type of variation has already been referred to 
m out discussion of antigenic structure (pp 277, 278) but it is of sucb fimd'imcntnl 
importance m the general problem with 
which we are here concerned that it is 
necessary to consider it in coDsiderablj 
greater detail 

Arkwright (1920 1921 1924)descnbed 
variants of bacteria belonging to the 
coll typboid dysentery group wluch were 
ebaracterized by tbe formation of rough 
or granular colonies on solid media («ec 
Fig 45) by giving granular growths in 
broth or peptone water and in manv 
cases by undergoing spontaneous sgglut 
ination in tbe presence of 0 8o per cent 
sodium chloride 

These properties — colonial roughness, 
granular growth m fluid mcdi-j »nd 
instability m salmc — are associated in 
some species at least with recognisalli- 
changes in morphology (R ibon 1 930} and 
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with an alteration m the method of cell dinsion (Nutt 1927) If normal cmooth 
strains of iSolffi l^ph murium are grown in a thin layer of agar between a slide 
and a cover-slip and watched nnder the microscope, it will be noted that each 
cell division is soon followed bj separation of the danghter cells, which slip past 
each other and come to be side by side In rough vanants denved from these 
smooth strains, the danghter cells tend to adhere, end to end, for some tune 
after division has occurred Short chains are formed and angular bends develop 
at the junctions between adjacent cells. The tendency of rough bacilli to agglut- 
inate spontaneously m normal salme appears to be due in many cases to the 
presence, at the bacterial surface, of some bpoidal substance, smee extraction 
with alcohol at a temperature of 5O-C0“C removes the «alt-«ensitiveness of 
many rough strains (HTute 1927) It seems probable that this alcohol-soluble 
constituent is present m the normal smooth form as well as m the rough variant, 
but ID the former it docs not determine the character of the cell surface 

In the organisms referred to above, and in many others, the S — ► R variation 
13 associated with the loss of the polysaccharide antigen that charactenres the 
surface of the normal smooth form , and, though the rough variant has a poly- 
saccharide constitnent of its own, there seems bttle doubt that the change from 
smoothness to roughness is associated with a rdative increase of bpoid as compared 
with polv«acchande components at the cell snrface, and a consequent change m 
colloidal behaviour from hydrophile to hydrophobe The hydrophobe qualiti'^ 
of a suspensieu of rough variants is reflected by increased ag^lotinabibty by salt 
and other non spectfle agents hke the dve trrpaflanne There is not, however, 
any dependable connection between this degree of agglutmabilitv and roughness. 
For example, trypaflavine agglutinates not only rough vananu of bacteria m the 
coll typhoid group, but also M «trams of Sulm. iyphi, and flagellated salmonella 
bacilli in the group pha«e (Sertic and Bonlgalov 1936, 1937, E^h 1937) There 
would also appear to be a lavmg bare of protein constituents ; nnee rough variants 
of salmonella bacilli, and certain other organisms, usually give a po^tive million 
reaction wh3e uonnal smooth strains do not («ee White 19296) 

In the particular «ae of the pneumococcus the change from smoothness to 
roughness is associated with the loss of the characteristic capsule, and with it of 
the specific capsular polysacebande that determines type-specifiaty Among the 
antigemc components that are left arc a nucleo-protem antigen and a minor poly 
sacchande component that is common to all pneumococcal types («ee Avery and 
Heidelberger 1923, GnSth 1923, Reunann 1933, TiUett, Goebel and Avery 1930) 
A aimflarlv asociafed loss of capeuJe and vuulenoe has been observed in Piuiturdla 
e^ica (Pnestley 1936} and B tnjiuenza (Chandlrr, FothergiU and DingW 1937), which, 
hie the pneumocoeens, had at the same lime lost tbcir eayncjlv to prodoce sjecific scJnbl© 
substance*. In bacilli with no morphotogicallj' distingci-diahle capsule, there is Jiever 
thekss a demonstrable loss of antigen characterizing the virulent form Thus, Ecsvm 
and Slesrobeann (1936) could extract S-9 per cent, of O antigen from smooth Salm typ^i 
munwm but ncme from rough forms, and ICks and Pine (1939) found a progrwave 
diminution m the vield of mam antigen from meZi/enevras cultures increased m agglntm 

abOitv bv beat, salt, and a specific antiserum prepared, against rough strains 

It must not be supposed, however, that the mere power to svntheasw large amounts 
of polvsacchande subUances, whether they appear as a capsule with a defined edge, as 
a muccad extra feTInlar sabstaace, or as increased cellular content, nec««sar3v charaetenzes 
the virulent smooth form For examjde, Boivni. ileetobeanu, Magberu and JIagheru 
(1936) found a high polysaccharide content m all of five smooth strains of Bad «/«, but 
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it was also high in five of eight intermediate steuns and in one of aeren rough strains. 
Among the coU tvphoid grour, ind<«d the production of large amounts of polylaecbande 
nmeoid suhsUnce is sometimes associated with no change, or with a fall ui Tirulence 
■Mucoid sanation U often faiouml by growth at 25*0 instead of 37° C (Birch Hirschfeld 
1035, ^forgan and Beckwith 1933 vor dem &che 19406) Vor dem E^che (1940a) noted 
the appearance of mucoid variants m the atool of a woman who had been treated by 
inocubftons with an autogenous vaccine during convalescence from paratyphoid infection 

In many of these instances the change from smoothness to roughness is also 
associated with a complete or partial loss of virulence, a factor which is clearly 
of the first importance from the pomt of view of the medical bacterioloinst 

Agam (sec Chapter 11) the 8-^ E vanaiion ts usually associated with a change 
m sensitivity to the lytic action of various strains of bacteriophages, the filtrable 
virases that propagate on, and at the expense of the bactenal cells 

Changes that arc exactly sinulaf have been described m Pasteurella (de Ktuif 
1921, Webster 1925}, many other baciUi of the coh typhoid group (White 1926), 
Staph aureus (Bigger et al 1927), and m a large number of other species (see, for 
Instance, Hadley 3927) We may, indeed, regard it as a variation to which most 
tf not all bactena are subject 

The S— >R \anation affords an excellent example of a correlated vsriaboa 
If we accepted the change m colony form as the essential criterion of the change 
from roughness to smoothness, we should note that the rough variant differed 
from the smooth form in the following characters 

(1) Roughness or grsnulaniy of colonies. 

(2) Instability in saline. 

(3) Loss of the antigemo component characterizing the surface of the bacterial 
cell in the normal smooth form, whether this component is normally present m 
the form of a definite capsule or not 

(4) Loss of Virulence, partial or complete 

(5) Altered sensitivity to vanous bacteriophages 


In accepting such a list of correlated characters we are, however, met with the 
difficulty t^t the variations observed in certain bacterial species fad to fall into hue 
For instance, the normal, virulent, capsulated form of the anthrax bacillus 
gi\ ea a fiat, une\ en, filamentous colony, whde the avirulent noa-capsulated variant 
is raised, circular and smooth (Prcisz 1901, 1911, Eisenberg 1912) The hsemolytic 
streptococci appear also to form an exception to the general rule The colony 
given by the normal virulent form is finely granular, not smooth, and the avirulent 
variant, which has loat its type specific antigen, is smoother, not rougher than the 
normal form For this reason Todd (1928). who first gave a detailed descnption 
of these variants used the term “ matt ” to describe the normal colony form, 
and “ glossy ” to describe that of the avirulent variant. 


Accordin'' to Dawson Hobby and Olmstead (1933) the range of variation possible 
between highly vinilent and non vmifcnt fortia of etreptooocci is much mder than that 
indicated by Todd a matt gW They desenbed m a number of hemolytic strepto 
COCCI four types of vonants-a cepsniated M vanant, forming large, watery, mucoid 
colonies an MS variant, formmg colomra comeiKin^ to Todd s ‘ matt va^nW a 

non capsulated S vanant. correspondmg to Todd a ‘ glossy,” and an K vanimt With 

progre^ve loss of characters associated with vi^nce the vanat.on procee,b •“ 

it 'MS S whereSRandRS represent variants intermediate 
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occurs m otlur 8pecK« It has been dcscrilicd. for ciample. m 21. (n«m3tm 

1937o) and m Ham influtKo: (Oiandlrf, rotbergiU and Dmgle 1939) In tb« infloema 
bacdlus, the 31 — »• S — ►U %anation occurmi spontaneoaslv , the teversHin H— vS 
but not S — *■ 31, could be induced be eenal passage throuch mice Tbero is also another 
colonial rsnant, found m a numW of bactenal Bjiccies. which does not fall nto line mlh 
the S — It. or the extended 31 — ► S— *• R Mheme of variation (see 3Iorton 1940) It 
IS the D (d«-arf colonr) vamnt described bj lladlej (1027, 1937), and must be distinguished 
from his G (gomdial) varunts, which pro nunnte coloni-^ that in eome c^es are said to 
contain filtrable elements capable of powing into the normal, modal form* <,f the parmt 
bacteria. The D variant is characterized mainly by the amall size of the colony, in com- 
panson aith the S variant The vanaUons S — ►D and D— >-S have been observed 
in & number of species. In many cases, colony size is the only consj«cnous feature dis- 
tinguishing D from S variants. Thus, the D and S variants of a strain of Salm typhi 
(3Ioms, Sellers and Brown 1941) and of a Group C streptococcus (llortoi and Sommer 
1944} diifend httlc in Timlenrc, or ta biochemical and serologittl reactions. 

Xe\erthelcss, in general, there is m each of the species we have described a 
\atiatJon of the same essential character as those listed above — loas of normal, 
type specific, surface antigen assocuted with loss of virulence. There are, how- 
ever, variations within the S form, both natural, and induced by exposure to 
antisera or hactenophage, which have no obvious connection with S — ► R 
variation by loas. For example, Talata (1937) records a change from “ specific” 
antigens to ” group ” antigens in the Sh fieznen gronp, analogons to the diph&sie 
flagellar variation m the salmooellae ; and Kauffman (1911) records a vsnabos 
by loss of one of the snb- types of KIT somatic antigen in certain strains of Solmondla. 

There are other reasons also for rejectmg the hypothesis of a necutary con- 
nection between virulence and the coltural and antigenic characters of smooth 
ness 4. loss of, or a considerable change in, virulence may occur apart &om the 
lou of the specific antigenic component characterizing the nortoal smooth form. 

3Mlson (1933) observed vananU of Salm lypht manum which were both smooth and 
aviruVnt, and which roust be regarded aa tree vananta. as judged by thior ^ure to 
revert easilv to the nruleOt potent tvpe. Boivin (1939) found that two strains of Sahn 
lypAi munum one with a mouse 3LLJ> of over lOOCO bscilL, the other with an 3LLJ) 
of under 200, both yielded approximatelv the same amount of “smooth " Lpopolysac 
chande endotoxin, and that the two endotoxins were equally toxic and b«d equal immu- 
nizing power Thus nrulenee may vary independentlv of the 0 antigen. Again, Shaffer, 
Endera and Wn (1936) described two strains of Type III pneumococcus, whi^ were both 
fully capsolated, and antigemcally identicaL One was awulent for rabbits, and bad 
a greater teedenev than the other, a nruJent strain, to Icae its capoule The rough strains 
of both could be induced to revert to the arnooUi forms by growth m the presence of smootli 
killed cnlturea (see p 303 below), and, whether the killed culture was of the onginal nrnknt 
or svirulent strain, both reverted to their ongmal high or low nrelence. The vuuleoev. 
m fact, was not an ex p ression of the degree of “ emcothneas " of the two strains, but 
dependent on some stable difference in pbysiolt^eal behaviour large changes m viru- 
lence can in fact be induced m a strain witboot altering its smooth cbancters Thus, 
Hadley and Wetzel (1943), starting with » rough vanant of an alpha h*molytic strepto- 
coccus, raised ita virulence by serial passage through mice. The total increase in virulence 
during the tramformaUon from rough to smooth was l40-fold, subsequent passage of 
the smooth form through mice raised its virulence 5 COO-fold It may be noted also 
that Bhatnagar (1940) and Jawetr and 3Iejw (1944) could detect no difference in the 
antigemc surface of virulent and amrulent strains of Pcul peetu, though, as the Utter 
authors suggest, in this case virulence may have been associated with an anlureiuo com 
pocent that did not appear on the snrCstw cf the bacQlas. 



TUB BHOOTB-^KOVOn VARIATION zoi 

The exact nature of the change in colonj fom though it happened to guc 
(he conventional name to tins particolar kind of \ariation w clearly of quite 
secondary importance \Ve may note as a point of interest that the avirulent 
nonspecific variants of B anthraets and Sir pyogenes, vrhich happen to gise 
smoother colonies than the normal -vinilent forms, have protein instead of poly 
sacchande components as their dominant surface antigens when in the normal 
virulent state 

We can, if we vmh use some term other than Smooth — *• Rough to denote the e 
particular variations but it seems undesirable to do so since they belong jn all 
essentials to the same category Alternatively we could abandon smooth ‘ and 
“rough altogether as descnptne terms and select some new name to describe 
the loss of the normal surface antigen that is the essential factor concerned It 
seems simpler, as we have suggested m Chapter 8 to use the initial letters of the 
terras * smooth and tough ’ to designate tho \aria(ion of which the fir't 
examples observed happened to be associated with smooth and rough colony 
formation but to dissociate S ’ and R from a designation of colony form 
We should then define the P variant as differing from the normal S form in the 
following ways 

(]} Loss of the antigenic component characterizing the surface of tho hacterni 
cell in the normal smooth form whether this component is normally present in 
the form of a bacterial capsule or not 

(2) Loss of vitulence partial or complete 

(3) Altered sensitivity to various bacteriophages 

(1) A change m colony form usually, but not always in the direction of increased 
granularity or roughness 

(5) A change in the hydrophobe or bydrophile properties of the cell usuallj but 
not always in tbe direction of a decreased affinity for water and a conscguently 
increased sensitivity to tbe flocculating action of electrolytes 

It must not be supposed that tbe S — > R variation represents tho hmit of the loss 
of particular antigemo components (hat bacterial variants may display An cxcoUcnt 
example of this progressive variation by loss is provided by tho detailed studies which 
\STiite has carried out on members of tb« typboid paratyphoid group of bactena (sco tt hito 
IS26, 1927, 1928 1929a b 1931a J 1932 1933) Tho polysscehando coisponeots that 
characterize the surface of the bacterwl cell ir the oormal smooth form are shared by 
certain types which are further differeoliated from one another by tho antigenio com 
ponenta contained in the flagella (see Table 47, p 7J3) With these flagellar ant gens w® 
are not here concerned IVhen tho normal emooth polyssccJiando ant gen is lost the 
aurfece of tbe cell is dominated by *ni>senie componenU that are shared by all nicmliers 
of the typhoid paratyphoid group and by some related bsetena. These include a polysae 
chande component that diffen from that cbaractorttuig tho normal smooth form and 
another antigen or pair of antigens that am apparently protein in nature and have been 
named by White ^ and p. As the result of further variation the rough or R form may 
lose Its particular polysaechando component and then give two to a form the antigenic 
behaviour of which is determined entirely by the components p, andp. Situated stiU more 
deeply in tbe bacterial cell is another antigeo which White has named T, but it seems 
doubtful whether this component w ever exposed at the cell surface as the rceuh of loss- 
variation 

It mar be noted that the S-*R lanalmn. and stdl more the prosm™™ 
loss sanations referred to m the precedm® paraemph, are relalnelp irrevemble 
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The S->R \anation occurs frequently under ordinary laboratory condjtions of 
cultivation, and may be readily induced by the methods that vre shall shortly 
descnbc The rev erse change (R — ► S) seldom if ever, occurs under the ordinary 
conditions of cultivation and it w very difficult, though not impossible to induce 
It by any specific stimulus, -when the ongma! S — ► R change has been complete 
The evidence indicates that this S — R variation, at least as a quality of a culture 
as distinct from that of a component cell, is not a sudden “ all-or none ” process, 
but a gradual or step like change, so that intermediate SR forms appear between 
the typical S and the fully degraded R In the«e partially degraded SR variants 
reversion to the normal S form oiay be more easily induced. 

Prolonged growth of a normal smooth strain m any of the ordinary finid media 
of the laboratory, followed by platmg on ordinary agar, will usually result m the 
appearance of a proportion of rough, or partially rough, colomes. A bacteriophage 
that causes lysis of the normal smooth strain provides another, and very potent, 
method by which this change can be induced (see Chapter 11) The contammation 
of a bactenal culture with a bactenophage is not however, an entirely desirable 
procedure for this particular purpose , and the best method available is that 
introduced by Gnffitb (1923), who showed in the particular case of the pneumococcus, 
that rough variants could readily be produced by growing the normal smooth form 
in the ptc^nce of an antiserum acting on the type specific capsular polysaccharide 
This method, the efficacy of which has been repeatedly confirmed by other workers, 
appears to be of quite general appbcobility 

The induction appears to act partly by selection. In a broth eultnie bacQL with a 
great deal of the antigen m qneetion will be flocculated m a depost by the antibody, 
and vasvants with none or lees of » will tend to remain in euspensoo to that a sample 
from the upper part of the fluid will contain a relatively high proportion of the vanaste. 
A method that can be used with motile flagellated bacteria u growth in a senu^ohd agar 
medium eontainiog flagellar antibodies , those bacteria that by reason of their motQity 
spread from the original moculam through the semi-solid agar will tend to be those with 
Lttle of the homologous flagellar antigen By this second method Gnosspehus (1039) 
induced flagellated variants in diphasic salotonella bacilh poaoessiiig antigens diSerent 
from the onginal charactenatio type *’ or group ” antigens. Ihe ranation was irre 
vcrsible and though the new antigenic types retained tbeir capoaty for diphasic ranation, 
it was found that only the phase which had undergone impressed vanation had altered 
Thus the new group phase alternated with the “ original ' type phase, and a ‘ new * 
type phase alternated with the * onginal” group phase Enksson and Molmstroia 
(1Q39) induced a sinular variation in Sal”! neupoff and found that the ‘ new ’ flagellar 
variant had acquired an antigen of the P type, ir.ans — »• variation (see p 716) 
bad been induct These orgamatna were onginally diphasic Starting with the mano- 
phasic Salm jjaralyphi A, Bruner and Edwards (1041) induced four variants one in the 
onginol specifle ph^, one corresponding to the group phase of diphasic sabnonell®, 
and two new phases with antigenic components unlike any described for the salmonelte 

It IS clear that mduced vanations which in this case revealed not only a potentiahtv 
for diphasic vanation but also two hitherto undiscovered antigens, offers a means of 
explonng hidden antigemc relationships within groups of bacteria 

a, ^ example of a phage-mdneed vanation we may cite the production from typhoid 
bacilli with M, O and R antigens of vanants whirti have either Vi and no 0 antigen, 
or O antigen without Vi (see « g , Kauffmann 1936 Oaigie and Brandon 1936) 

We are then m the change from S to R, dealing with a striking example of 
a vatiabon, of a very defimte type, that can be indnced at will by certam specific 
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Stimuli It seems prol shtc that bacteria alTord particularly favourable material 
for this field of biological study 

Althougb tlic colonial cbnnges a8<»ociatcd wiA the S->B nmtjoa have been 
described in particular detail it must oat be supposed that they constitute the only 
ranations m colony form to which bactem are subject Such is far from the case 
V<e have already noted D vananfa and m the coli typhoid group of baedh the 
occurrence of mucoid variants that clearly do not conform with the M forms m 
the 11 — ► S — ► R senes observed in pneumococci, streptococci and (he influenza 
IwciUus Tlus lj*po of variation a not infrequently stimulated when a non mucoid 
I vetenum is subrmtteil to the action of a bacteriophage to which it is sensitive 
It seems likely that most vanations assoemted with a change m colony form inll 
be found to be associated also with a change m the antigeme components at the 
bacterial surface but not necessarily with that particular change on winch the 
S— >-Il variation depends 
The Transmutation ol Antigenic Types 

The lo<i.s of a specific antigimc component la the S — *-Il variation and its re 
appearance when as occasionally happens the rough vanant again gives use to 
the normal smooth form naturally raises the question as to whether it is possible 
for a rough atnun to acquire the power of syntbcsmng not the specific antigen that 
ehanicterired the smooth strata from which tt was denied but some diflerest 
antigen that is characteristic of another serological type belonging to the «ame 
species Is It possible for instance to transmute a smooth Type I pneumococcus 

the son capsnlated rough v ariant into a smooth T> 7 >^ II or Type III pneiuno 
coccus t The problem is so important, to its biological interest and impbcatioss 
that the ecidencc must be considered m some detail 

The pioneer experiments m this field were those of Griffith (1028) He injected 
mice SQ^utaneously vrith linng cultures of rough avinilest pneumococci mixed 
with large amounts of heat killed smooth pneumococci belonging to the same or 
another type From the animals so inoculated smooth virulent pneumococci were 
frequently recovered not only was a rough etrain induced to revert to the smooth 
type from which it was denied, but a rough vanant from a Type II straui was 
changed to a smooth Type I strain a rough variant from a Type I strain to a smooth 
Typo II strain rough variants of Type 1 or Type II strains to a smooth Type III 
strain, and so on 

These results were confirmed by Neufeld and Levinthal (1928) by Beimann 
(1929) and by Dawson (i930a fi) The study of this phenomenon was considerably 
advanced by the esperiments of Dawson nod Sia (1931) who were able to brmg 
about a simibr change in «tro by growing rough variants m a medium contaming 
a heav y suspension of beat killed smooth pneumococci of the type it was desired 
to produce The addition of an anti rough serum greatly assisted the transmata 
tion but was not an essential factor In further experunents (Sia and Dawson 
1931) it was found that the transmutation could not be induced by growing rough 
pneumococci m the presence of pimfied pneumococcal polysaccharide and that 
heat killed smooth pneumococci obtaioed from old autolysed cultures or from 
suspensions that had been subjected to repeated freezing and thawing were unsmt 
able for this purpose. These results dearly demonstrated that the presence of the 
polysaccharide antigen belonging to a given type could not induce a rough variant 
to manufacture that particular antigeme component and pass on the capacity 
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to FTOthe'Ue it to sub«^neDt gentiations and Ihej sogse^ted that some enrrae 
rcadilv liberated from the pncamococcal celbi destrors some substance that is an 
essentnl stimulant of this change. Altowaf <193‘>) was able to change rough 
variants of Type 11 pneumococci to smooth Type III or emooth Type I br growing 
the former on Berlefcld filtrates of extracts derived from the latter together with 
normal pig serum which contains anti R agglutinins. In farther eipenmenls 
(Allowav 1933) he substituted for the Berkefeld filtrate a preparation obtam»d by 
di^lv mg pneumococci of the required type in a solution of sodium desoiycholate, 
and precipitating the extract so obtained with alcohol- 'Wben rough pneumococci 
were grown in serum broth to which a satine extract of such a p’Wipitate was 
added they gave nse to smooth strams of the type from which the extract was 
derived 

Recently Avery MacLeod and SIcCartv (ld<4) in definmg bo h the conditions 
for effecting the transformation and in making a pTe«timptive identification of the 
substance indncmg the transformation have made a noteworthy advance in the 
subject of bactcnal variation To effect the transformation a reactive variant 
n u«l be selected from an irrevcmblv rough (R) stram of Type II pneumococcus. 
It IS grown m broth free from as vet unidentified inhibitors, containing R anti 
serum free from enzymes that destrt^ the tranJonmng principle, and the trans- 
forming sul •tance Itself This eub«tance nolated from a Type III pncuroococcu. 
was actn a in a dilution of I 6 X 10** appeared to be bomofeneoos with a particle 
weight of 500000 and had the gross chemical constitution the exdusiTe suscepti 
bih^ to a specific depolvmerase and certain physicochemical properties, of a 
de«orynbonucleic^aad 

It appears thst this particular type of oucleic and mterscis with the R cell 
to give nse to a senes of enzyme reactions culminating m the synthesis of I^pe HI 
capsular poly<acchande Once the transformabon is established it is pensan>&t, 
and the transformed cell coutmues to produce both polyeacchande and the specific 
desozynboDUcIeate IVe have m this phenomenon an outstanding example of 
an impressed genetic variation tea type-«pecific bentahle mutation induced 
by a specific chemical agent. The mechanism of its action is unknown, but we 
may provisionally asenbe it to a direct effect on a bacterial gene. 

Tanabons m Tirulenee or Toxigenicity 

Vanabons in the characters on which bactena depend for the produebon of 
disease lu man and animals are clearlv of parbcular importance to the medical 
bacteriologist It would however be altogether imposable in the course of a 
general survey to give illustrative instances of the innumerable tvpes of variation 
that are associated, with some change in virulence or m tongeniaty IVe may 
however note a few general pimaples leaving particular instances to be dealt with 
m the systemabc description of the different bacteml «peaes or m the chapters 
devoted to the diseases to which they give nse 

Taking viruletice to mean the capacity for tissue mvasion and toxiffeniaty to 
mean the power to produce a «olnbIe toxin («ee Chapter 44) we may note that 
the«e two characters depend on different factors so that where both are present 
in the same bacterial «peaes they may vary independently A bamolytic strepto- 
coccus for instance may lo«e its power of invading the tismes of a parbcular 
^>T^ATT^a^ host without necessardy losing rta power to produce a filtiable temoly«in. 

We have seen that B S variation may be impressed on relatively rough 
strains of infecbve bactena by pasage through a suscepUble a mm a l . The vans 
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tioii IS usually considered to Le the result of selection of a few virulent organisms, 
winch arc eithet yrcscut in, or deNelop from, the injected culture 

Zelie (}0i2), iroriwg mth a Blmin of <SMn mtcnum, bus reoentty provicJecf 
evidence of discontinuous lanatioiw of S and B forms, and tlieir selection l>y the environ 
ment in tlie infected host For example, an unstable 8 variant vas shown, by a micro 
technique of separating eeda as they divided t» ttlro, to throw stable R mutants In one 
experiment, the division of an S ceU, the nnstabte vanant, into an S and an R daughter 
eel!, was observed directly ITio R mutation was observed tvneo in 296 divisions, a rela 
tively high mutation rate nhich conforms to the hypothesis already noted, that instability 
IS a maidTcstatiOn of high mutation rate* of the order of 1 per cent Mixtures of small 
nunibora of stable virulent variants with large numbers of less virulent stable variants 
were injected into mice, tbo organa of which after death yielded a culture with an increased 
proportion of the vmilenl variants In other tests, virulent and avirulent variants were 
injected into mhred strains of susceptible and highly resistant mice It was hoped to 
demonstrate a differential effect of resistant and susceptible host environiuents on the 
variants, such as a reduction m virulence of highly virulent strains propagated m the 
presumably leas selective tissues of the susceptible mice The only change observed, 
however, was an enhancement of vnulenoe of certain variants, and this occurred both 
in susceptible and in resistant im«*, showing that whatever the general susceptibility of 
the mice, any less virulent mutant, thrown by an injected strain of given virulence, was 
always more readily destroyed than the bartena from which it arose 

Non toxigenic strains of C iipWieri®, Cl iefani and other notmally toxigenic 
species has n been frequently described Tbete is no te^5on to suppose that this loss 
of toxigeiucfty js in any way related to tbe S — *• B vanations, wnce there is 
no evidence tbut the production of o fiUraWe toxin is affected by the presence or 
absence of the smooth somatic antigen 
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CHAPTER !0 

THE CLASSIFICATION OF BACTERU 

As has l>een indicated in preceding chapter««, it is the behaMour rather than the 
nature of bacteria which has interested the bacteriologist It w not surpming, 
therefore, to find that the field of s^tematic bactenology has been serr largely 
neglected The study of bactena has indeed ne\et passed through that phase of 
detailed and accurate description, which has formed so important a part of the 
foundations o! botany and zoology 

This neglect is not entirely attributable to lacX of interest In dealing with 
the morphology of bactena, we hare pointed out the difficulties which are in 
herent m any study of bacterial atmetue As a result of these difficulties, the 
bactenologist has come to rely reiy largely on physiological characters is the 
differentiation of bacteria! groups, and the study of the antigen antibody reactions 
has led to the elaboration of a technique which is peculiar to this field of biology 
In addition to these methods of studying bactena in artificial culture, the medical 
bacteriologist, who is pnmarily mteKsted m the role of micro-organisms m disease, 
has naturally dereloped the habit of testing the pathogenicitr of the strains he 
has isolated by the expenmental infection of laboratory amrnab 

Employing a combination of these methods the bactenologist has learned by 
experience to identify a large number of well'diiTerentiated and stable bacterial 
types and to these he has giTcn names The entena that have determined 
the classification and nomenclature of bactena are not, therefore, such as would 
be accepted by the systematist in any other branch of biology , and the bsc 
teriologist himself has not m general troubled ovennuch as to the vobdity of a 
system which has developed rather as the result of lucL than of cunning 

The inconvenience of a total absence of classification, refiected in a chaotic 
nomenclature, has, however, been so great, that vanous attempts have been made 
to introduce some sort of order into the bactenological household 'We cannot 
here enter into any historical descnption of the vanous systems which have been 
propounded except to note that a companaon of tho'^ suggested bv Zopf (1SS5), 
31ignla (1894), Eruse (1896), Lehmann and Neumann (1896) and Orla Jensen 
(1^) will reveal how widely the lines of cleavage may differ, when a large 
biological group is viewed from different angles Those who desire more detailed 
information on this aspect of the question are referred to the two reports of the 
Committee of the Society of Amencan Bacteriologists on characterization and 
classification of bacterial types (1917, 1920) , the monograph by Buchanan (1925) , 
the manual by Bergey and his colleagues (1939) , and to a paper by Buebanan and 
others (1928), which sets out m diagrammatic form the classifications suggested 
by Uigttla Orla Jensen, Bnchanan, Castellani and Chalmers (1920), Lehmann 
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and Neumann, Bergey and hia coUeagaw, and the enrLer Committee of the 
Society of American Bactenolc^ts which reported in 1917 and 1920 

Ab a result of tie activities of the American Society, the whole question of 
bacteriological classification and nomeBclstnre has been reopened during recent 
years It cannot be said that the system propounded by the American Com 
nuttee (1920) has met with the entire approval of bacteriologists in general while 
systematists in other biological sciences would probably question the validity of 
the whole basis upon which the claasificatioo is founded There does not how 
ever, appear to be any compeUing reason for the bacteriologist to abandon for 
purposes of classification the critena on which he has come to rely for purposes 
of identification , and few of ns would be willing to admit that our systemitic 
grouping roust have a purely morphological basis simply because structural 
differences have been found to afford adequate classificatory entena in the case 
of more highly differentiated jdants and animals. While admitting that morpho 
logical differences must be given their {all weight and accepting them as the 
natural basis for out primary subdivisions we might argue that our differential 
criteria depending as they do oa differences in chemical etrncfcure rather than on 
the gross architeoture of the cell, come neater to the heart of the matter that do 
those adopted by botanists or zoologists 

We may note chat our sssessmeot of the significance of any particular 
differential ciitecion rests largely on a statistical basis Our first concern ts to 
determine the variability of a given character withis a particnlar bacterial strain 
If it 13 constant, it may be of value for purposes of classification If it vanes 
but m such a way that the variation is its^ charactenstic, it may still have 
classificatory value If it vanes in an entirely random and unpredictable fashion 
it cannot be used for purposes of identification or classification Once it has been 
shown that a given character is of service in identifying a particular strain we 
can examine the distribution of this character among a sample of strains which 
possess other characters in common In this way we gradually obtain a picture 
of the frequency distribution of many different characters among large samples of 
strains The sigrofioance we attach to any particular character then depends in the 
mam on its association with other charactere If we find that a particular group 
of strams resemble each other in several different characters and differ in these 
same characters from all other groups we feel justified in regarding the group as 
biologically valid and in attaching an added significance to each of the associated 
characters as a differential entenon within the larger group of which our homo- 


geneous group forms a part If on the other hand one particular character vanes 
independently of all other characters, wiUun a group which has many other charac- 
ters m common we shall not m general attach the same significance to it, from 
the pomt of view of classification In assessmg characters m this way, we shall 
not of course accord all characters equal rank a priori and limit our considers 
tion entirely to their frequency distnbntKm and degree of sosociation Some 
ebancteis will be gnen more weight than others and our arrangement of char 
acters m descending order of importance will depend entirely on the function we 
envisage for our ’classification of bacteria The classification may }>e predominantly 
utilitarian For example as medical bacteriologists we might concentrate on 
the outstanding features of the medically important bacteria and ignore all other 
bacterial species, exceptmg those which are sufikiently hie the medically importont 
species to cause trouble in identification Thia is. m fact the workmg procedure 
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in applied medical bactcnologj, bnt it is not a sound basis for a classification of 
bactena m general A classification intewled to accommodate the species familiar 
to animal, plant, industrial, biochemical and “ pore ” bacteriologists should depend 
mainly upon characters whose selecbon is securely based on agreed general prm 
ciples Its design should be consistent in that, should a species be discovered 
with a hitherto unknown combination of differential characters, it could be accom- 
modated in the system without dislocating it Clcarlv, any workmg classification 
will be a compronuse between the utilitarian and the “ logical ” classification boscd 
on a j>r\orx conceptions of the relations of bacterial species 

The mo«t promising a prion conception npon which to ba^e a classification, 
and one which has pro%ed fruitful in many ot^r branches of biology, is the con 
ception of species in a phylogenetic senes. We ba> c already discussed in Chapter 3 
the relation of nutntional requirements to the possible evolution of bacterial species, 
and some of the dangers of a too-teady acceptance of the phvlogeoetic hypothesis 
Our chief objection to the phylogenetic conception of the nutntional senes was 
the impovibility of deciding which end of the senes— organisms with the most 
complex or organisms with the lca«t complex nutntional requiremenbi — repre 
•ented the starting point Wth morphological characters there is perhaps less 
difficulty, for the sphencal shape being the amplest and the most economical 
shape that could be taken by a tuuceUuIar oigamsm (<ee Thompson 1912) may 
with some justification be taken as the primitive type. From this pnnutive 
coccus we can assume developments in the direction of aggregates of cocci, of 
bactena, and of thread and mycelial forms, and in some members of each group 
postulate the acquisition of fiagella, capsules, •and other of the more stnlosg 
morphological features of bactena. 

In their valuable renew of bacterial classification, Elnp er and van Kiel (1936) 
in fact make this assumption the etartiog pout of their proposed natural *yEtem 
of cla«sificatiOQ Each of the mam morphological groups tpnngmg from the 
cocci IS subdivided according firstly to the roam sources of energy of th<* bactena, 
and secondly according to the mo«t favoured substrates and their modes of dis 
gmulation Thus, there are the photo^the*uing autotrophs and heterotrophs, 
and the chemosyntbesizmg autotrophs and beterotrophs, four groups that are 
further divided according to them most favoured modes of dimnDation. 

In choosing these inodw, Kluyrer and van ^Tel point out that the tvpe of attack 
IS more important than the range of attack. Thus, the difference between an osgamsia 
which splits glocoee into [actic acid, and one which spLts it into butvnc and acetic aad, 
CO. and hydrogen, is more fundamental than the difference between two orgamsms of 
the first type, one of which attacks maltose. 

The principles have been further developed by Stanier and van 2»iel (1941), who 
propose the term Alonem to cover all oiicTCMngaaiams without true nuclei, plastids and 
sexual reproduction Fig 46 aummarizes the propoeed arrangement of J/onwo. Th" 
reader is referred to the ongmal paper for details of their system, which mav be com 
pared with that set out on p 319 

In our preoccupation with bactena, parasitic on the larger ammals, we are, 
however, concerned with distinctions that as yet do not fall into the pnmnee 
of the morphologist and biochemist, and whSe agreeing with the entena govermng 
the «ubdmsiotis that can be achieved in this province, we shall not find them 
particularlv helpful with characters like pathogenicity or antigenic structure 
Both are eipre^nons of certain biochemical features m the organism, and may 
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ultimately fall into line -wntL, better studied features of bacterial economy, but 
until then we have no o pnon grounds for evaluating the biological impotLince 
m classification of antigemc structure, or, say, the power of producing a character- 
istic toxin 

A Organisms photosynlhetic with the evdotion of ox^^en and possessing the fj-picil 
green plant cUorophylLs phjeocyanjn and aometunes phycoei^hnn, and colourless, 
non photosyothetio counterpart, dearly recogtuzablc as such 

Divuion I Myxophyta 
B Organisms not so characterized 

I Umcellnlar or mycelial organisms with ngid cell wall* Motiht^ trhea pre«ent 
by means of flagella Endosptwes. cysta. or coaidia mn} ba formed 
Qasa 1 EaWefena! 

(а) Organisms photosynthctic, but not producing oxygen. 

Order I Ithodobacteridcs 

(б) Non photosynthetio orgamsms. 

1 Unicellular 

Order 2 Bubactenalrs 

2 Alycehal orgamsms 

Order 3 ActioomyceUIes 

II Unicellular rod shaped orgamsms, without ngid cell u'alla Always creeping motilitv 
Sficrocyits and thutmg bodies may be formed 

Class 2 Myxobactens 
One order Myxobactenales 

III UmceUular, spiral organtsms without rigid cell walls Uotdity b} means of an 
elastic axial ^ment or modided fibrilLtr membrane 

Class 3 SptroehaiUe 
One order Spirochxtales 

IV Organisms not falling into the previous classes 

Fio 46 

Our mam trouble is that -we have no rules, and the few conventions which take 
their place are honoured as much m the breach as m the observance It seems 
quite clear that nothing but some form of international agreement with regard 
to classification and nomenclature wiU put an end to the existing state of chaos 
Whether it will be possible to adopt, m their entirety, the rides of botanical 
nomenclature, is a problem which only the future can decide There are obvious 
advantages in adopting the Linnman binomial oomeaclatare, which has served the 
purposes of zoologists and botanists lo general, bat it is doabtfid whether tha 
bactenoloaist will not be forced to make frequent use of additional terms, desig- 
Dating tacM, varieties, or types The frequent use of trinomial or quadrinomial 
names is, however, a cumbersome pwccduie . and it may bo found necessary to 
regularize the use of letters or numbers, which is a current convention in Lac 
tenological terminology The Uumscan admonition, "vanefa/es frtisnmas non 
curat botanicus;' may serve the turn of the systematic botanist, and the bac- 
teriologist would probably be weU advised to bow to it m naming those groups 
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which he intends to regard &a genera or species , but he cannot ignore Bmall 
differences, and he needs a locabalary which xoll allow him to talk or wnte about 
the bacterial tj^es which interest him 

This leads to the consideration of unothcr difficult}, which has grown acute 
during recent years, and will clearly increase rather than diminish m the absence 
of some agreed international ruling There is no agreement at all as to the end from 
which a bacteriological classification should start Are we to begin by an intense e 
study of one or another relatively small group, seeking to differentiate withm it all 
the identifiable and stable types, and giving names to these 1 Or are we first to 
differentiate the larger groups, and only when these have been adequately demar- 
cated seek to diiidc them into their constituent species, varieties of types* As 
a method of mapping out the ground either approach will serve , but they lead, 
unfortunafclj , to quite incompatible nomenclatures The method of the intensive 
stud) of a small or telati\ely small, bacterial group has been adopted by several 
groups of workers witlun recent years, and has resulted m such conspicuously 
succeasful systematic descriptions as those of the Sahnonella group («ee Chapter 
30), or of the hmmolytic streptococci and the pneumococci (see Chapter 25) 
In each of the«e instances the final differentiation has depended, entirely or almost 
entirely, on an analysis of antigenic structure The rrorkers who have been engaged 
m the study of the S'iJmoneltn group hare, however, adopted, at the eitreme end 
of the scale, differentiable types listed as SalmorKUa lyphi, SalmoneJla duhUn, 
Sdlmone}lo eastlottnif, and so on Those who have stodjed the poeumocoeci and 
hxmolytio streptococci have, we think more wisely, labelled their recognizable types 
with numbers, or letters, or letters and numbers combined , though, except in the 
case of the pneumococci, there is as yet no general agreement os to the lettering 
or the numhenng 

^Te do not, ourselves, think that the agreed definition of species and genera, 
which has still to be achieved, should be prejudged by the results obtained by 
sntigenic analysis, particularly m the light of recent work on the sharmg of antigens 
among species generally regarded as distinct (see Chapter 8) In the cob typhoid 
dysentery group, however, there are major distinctions, both antigenic and other- 
wise, wluch serve to divide the salmonella and the dyaenteiy bacilh from the 
colon group of organi«m« in the genus Bactermm, ond m the Lght of the growing 
number, we have accordingly assigned the entenc and food poisoning bacilli to 
the genus Salinonflla and the dysentery to the genus ShigeVa 

AVhile remaining convinced that, in naming genera and species, weight should 
be given to other criteria in addition to antigemc relationships, we should wi«h to 
record our entire agreement with tho'c who, like ’IVhitc (1937), bold that antigemc 
analysis affords the be^t avaihWe method of differentiating the ultimate types 
or varieties mto which bacteria are divided, that the antigemc similanties and 
differences provide a most valuable clue to the natural relationships of these types 
and the Unes along which they have probably been evolved, and that each type 
or vanety so differentiated should be given a distmcbve label We may perhaps 
add that this distinctiv e labelling is of particular importance to the medical bacterio- 
logist, since it IS the antiuemc raake-np of a bacterium that determines all its 
immunological reactions in the bodr as well as in the test-tube. TVe must, how- 
ever, try to be consistent We ought not to use letters and numbers for one set 
of labels, specific names for another, though current bacteriological usage compels 
us to do both 
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Apart from *}i/‘ iawi«ing importAflce of sntigcnic nnalyais m the claBsification 
ot bacteria, it ma^ l>e notetl that there js a growing tendenej' to enlarge the range 
of catena cmplojcd in the difTcrentiation of types and species, and to roly less 
cxcluMveh on the somewhat etude senes of fermentation reactions that played 
so large n part in earlier sj stematic studies The reaction of an organism to varia 
(ions in (he partial [rc«sure of earhon dioxide, its resistance to various dyes its 
tolerance of a high concentration of hydn^cii jona, all these and manj other 
catena arc being iticrei«iiigl> enijiloy«l m definiiig bacterial groups and in tracing 
the relation of one group to another 

There is one criterion commonl) emiloywl whose use nc believe should be 
disrontinuftl, from f«(h the formal and (lie utilitirnri stindpomt namelt the 
ecological The relationship of an organism in its naloril state to other forms 
of lift in itsenanronmcnt is conditioueil by many other factors besides thoso inherent 
m Its own protoplasm, and iii the alisincc of knowledge about those fictors 
wc cannot m\ w(iat features of the habitat of an organism are necessarily (ou 
ncttcsl with It (<m«eqm«t)y, habitat is on a pnort grotimli hkeli to be mi 
leading a-S a sliffcrcntial chancier It will be even more misleading on utilitari m 
prounds, Bince wc clavifj bacteria in order to make precise bacteriological explora 
tions of our environment If, then the definition of a species includca habitat 
in a given (vpi. of environment, wc may delay its recognition m another equally 
important environment It is for etamplei only recently that tho prolwJ !e 
identity of Wytomonai poljcolor, a tolwcco plant pathogen and P$ pijocyan a 
an organism lufecting wounds m war, bu been recognized (Elrod and Braun 
1911 ) 

One essential character of any aystematio nomenclature is stability and 
those who }ia> e to read or write about Iiacteria at the present time are m a singularly 
unhappy position m thu re«pcct When the samo organism w masquerading as 
ilici/lus (ypAorur, llartcnum (yp^iorum Salmoweya Itfphi or £6ff(AeWi (ypAi while 
another answers with equal readiness to the names of //icrococcu* mffifensis 
V'rctllut mcfi/mnr, BnaUt mfUlensu or Mlahgenes mrhtenm all priatcil la 
italics wuh a capital letter to the generic name, the student, or even tho more 
practised reader of bacfcnological literature, may bo excused Bomo degree of 
confusion 

It would, perhaps, he simplest to awsit some agreed nolation of our difficulties 
and u«c the monbiiud nomenclature which was current before the first world a ar 
till some better eastern with authoritative support is offered m its stead There 
are, however, real duwdvantages in auch a course It is desirable, especially 
from the student's point of v icw, that a name should be as informative as pos 
sible The scientific aatno of a living organism should tell us as much as possible 
about that organism itself, and about its relation to other organisms with different 
names The latter problem is the particular concern of the syatematist , and 
It may be many years before wc k-now enough about the relationship of bacteria 
to evolve a system of classification to winch those relationships can be adequately 
expressed It is however, possible to allot names to bacterial groups which wdl 
give us a considerable amount of information with regard to the species, races, 
or typea of which they arc constituted In this respect the conventional bac 
tenologicsl nomenclature of the past fifty years has been a conspicuous failure 
NothiDC could bo less informative than the name Bocillus, when that name is 
applied to any rod shaped bacterium , and tho student, who has memotued the 
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names B rypAomi, B pcsits, B ertineu, and B luUrcuIoru, tas obtamed rerj 
poor % slue for his effort. If adopting a more rational nomenclature, lie m-monrfc. 
the name* 5a7monrfZa lyph. PasttureOa pestu, Bcalltis anihracu, and 
tuhfTculofis, he will, when he has studied the groops concerned, hare a very usefiil 
picture of each of these organisms as typifying a separate genus , and tt» fact 
that some other organism is called Sdnumdla enl'nttdie, or Pa<ievTtUa avueptica, 
or BacUlus tuU{l0, or ilyeobaafnvm phUi, will conrey to hun some knowledc** 
of its salient characteristics 

^ e are, ourselves, convinced that the correct approach to bactenology, irre- 
spective of the particular 6pld in which the stndent intends oltimatelv to wo*l, 
IS to gam some knowledge of bacteria as bving thin^ , and such knowledge can 
most easily be obtained bv grouping hie forms together for the purposes of study, 
comparing them with other groups, and noting the differences and resemblances. 
For these groups we need names, even if they most, for the moment, be regarded 
as provisional 

This requirement can be fulfilled by adopting one of the several sj^ems of 
classification and nomenclature that have h«n advocated within recent years. 
This is quite definitely a policy adopted fariie de mietcr None of these svstems 
has received anv official or mtemation^ sanction. As Buchanan, Bre^ and 
Rettger (191^} point out, neither of the systems drawn up bv committees appointed 
by the Society of Amencan Bacteoologista has been oSaaOv approved by that 
S«iety The «electioa of one of the eiatmg systems therefore remains a matter 
of personal choice . and, whichever system is selected, there is no rea.«on to 
suppose that it, or the oomencUtare baaed upon it, wiD receive lotematioDs] 
sanction without modification. 

The terms “ genus ” and “ speoe*," as applied to bactena, seem to us to defy 
definition, except as designations for two convenient grouping*, of which the 
genus is the larger including group, and the species the smallw included group 
For this reason, and because of the absence of any form cf mtematicrnal agree- 
ment, we doubt the usefnlness', at the present time, of lummg order*, families, 
sob-iamdies and tribes No’ do we feel that the time is npe Jo*- the creation 
of large numbers of genera or for the e*ection of an inelastic extern into 
which all known varieties of bacteria are to forced, each with its aj^ropnate 
label 

It appears to U3 that the classificstioo advocated in the final repo-t of tie 
first Amencan Committee (191K)) offers a carefully constmcted «chcmfi on which 
a useful nomenclature can be based, and that it has been designed on ^seral 
lines which most bactenologists would r^ard as *ound , mo^ver, the Committee 
themselves main no to Snalttv, and are at pains to indicate the tentative 
nature of some of the groopincs thev suggest. 

We have therefore adopted the svetem of nomenclature set out m tie final 
report of the first 4mencaa Committee (Winslow rl oL 1920), with a few mmor 
modifications. We have merged the genus Z)ipfeeoeci« m the genus Sireptoaxcui, 
smce it appears to us that the pneumococcus should be included m the latter 
group We have adopted the genus BneeUa, which has already received un 
official recognition from manv bactencdogists , smce the group wbch contains ti» 
bacillus of Malta fever, and the baciDcs of bovme abortion, appears to have as 
good a title to genenc rank as the ^oup which contains the ^ague bacillus and 
the bacilli causing hemorrhagic septicenua m animals, though we franldy admit 
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that the content of the BruceUa gtcrap is extremd/difEonlt to define As mentioned 
already, we have separated the genera SalmoKt^la and Shi^eUa from the more 
inclasire genus BacUnum IVe have comhiaed the genera ET\jthTobac{au$ and 
Chmmbactenum under the latter name, since it does not appear to us that the 
differences in morphology, physiological reactions or habitat between Erylho 
prodijiosus and such species as OAr tndtcum ruber merit separate generic tank 
The final classification of these small saprophytic, chromogemo bacifij mast await 
a more detailed study of the group, and it seems doubtful whether pigment 
formation should be accepted as s geaenc character We have excluded the 
genus Ennma, since the differentiation of coliform orgamsros of plant origin from 
those met with in animal tissues seems to rest on no satisfactory basis 

We append to this chapter a diagrammatic representation (Fig 47) of the 
classification given m the final report of the first American Committee (see 
Buchanan ef al 1923) with the mo^fications referred to above noting that we 
are concerned with the list of genera, rather than with the grouping of these 
ge&era into tribes, families or orders 

We also include in this chapter a eummanzed description of the characters of 
each genus, taken from the final report of the first American Committee (Winslow 
el al 1920), and emended m some cases in the tight of more recent studies of the 


various groups 

In the remaindet of this book we ahall employ these generic names, when 
refenug to any species which appears to be clearly assignable to one of the listed 
genera In general, bacteria which can be so assigned are already provided with 
a specific name, winch is not la dispute Such bmomial names will be pnated 
m Italic, the genetic name being given a capital letter, and used in an abbreviated 
form 

Other well recognized designations (or various bactena will, of course, be freely 
used, with the recognition that we are using the common name for a particular 
organism, instead of its scientific name — a practice universally followed in biological 
science Such cozninon names will be prmted m ordmaiy type, and without a 
capital initial letter For instance, the scientific name of the organism which 
causes tuberculosis will be written as Ivhamlosts, or more shortly 

as Myco tuberculosis, but it wiU be generally lefcned to as the tubercle bacillus , 
Similarly with Corynehocfmum diphlhencs, C dipkhma, or the diphtheria bacillus , 
PasteuT^la pestis, Past pestts and the plague bacillus , Brucella obortus, Br abortus 
or the bacillus of bovine abortion , Neissma gwiorrhosce, N gonorrhaa or the 


gonococcus Slrepococcvs pneumonia, Str jmeumonicB or the pneumococcus 
It is a common practice to refer to members of the Slrgifoeoccus and Staphylo- 
coccus groups as streptococci and staphylococci respectively These terms are 
colloquial expressions, and we see uo reason why a similar use of other generic 
names m the plural, or of a limited adjectival use of the generic name m the singular, 
should not be sanctioned Thus, ' the nckettaim " refers to the members of the 
genus BickelUvi, “ the brucelhe” to the members of the genus Brucella, “the 
pasteurellcs “ to the members of the genus Pasteardla, and so fortL A salmonella 
antigen means an antigen met with in one or more members of the Salmonella 
genus, a proteiis type of growth means a growth characteristic of members of the 
Pretem mm, «»<i ™ on . tot i.la. Uie genu, B .peoiScally lefeMd to, tie edjee- 
toe slodd pleferahly le pnoted wll. » cp't.l .»d m ttolc. os, for mstace, 
"members of the Salmmella group" The procedure is couyemeut, the terms 
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<mployed in nK»t cases eupbonioos, and tte raeaning with lut two exceptions 
IS tinambignous. 

The two exceptions are the toms “ liacillus ” and “ bactcnam-” The tenn 
bacillus means any rod^haped oigamsm, and the term bactenom means any 
organism wbatci er m the general class of S(rAi-omy«r« Hence, neither of them 
13 avaflable for designating members of the two well-defined genera, Bactdiu and 
Hadenxtnu In these cases we have retained the customary circumlocutions, 
“ members of the Bacillus group ” and “ members of the Bacimum group ” 

There re m a in a considerable nnmber of bacteria, which cannot yet be 
accorded a scientific name la some cases because the available descnptions are 
not sufficiently detailed to allow oa to determine their systematic relationships , 
m others, because the characters, as descnbed, do not seem to warrant the 
inclusion of the organism in any of the recognised genera. No useful purpcee 
would be served by suggestmg new geoenc names which wonid have no validity 
As we have emphasised above, any system of nomenclature employed at the 
pre*eDt time must be a temporary expedient, pending some form of international 
agreement, and it appears to os that oor aim shonld be to use tho«e names which 
seem most liLelj to be retained when such agreement is reached. When dealing 
with those organisms which, at present, defy classification, we have therefore 
franUy abandoned the use of a scientific name, with its conventional italic and 
capital letter, and have employed the most convenient designabon avaflable It 
is unfortunate that many of these oi^nisms have been given the genene name 
of Baetllut As thu name u reserved for the spore-beanng aerobes, it cannot be 
used, in the conventional fonn, (or bacteria which do not m fact belong to that 
genus We have, in general, adopted the expedient of refemog to DaeiHus * 
as ** the X bacfllna " In descnbiag bacteria whose title to specific rani appears 
to us doubtful, though their generic position is not m doubt, we hare in some 
cases employed a eimilat coaventiou. 

We would here add a protest against the habit, which is unfortunately frequent 
among medical bactenologists, of coming new names for bacterial strains which 
they have isolated, without appending an adequate description of the organism 
or dctennimng whether the organism m question corresponds with one that has 
already been described Thu laxity has in the past led to much confusion , and 
It would be greatly to the advant^e of bactenology in general if editorial anthontv 
could be exerted to prevent the pubbcation in medical or scientific jonmals of 
descriptions of newly named bacterial species, where these requirements at* not 
properly fulfilled. The existence in this country, and in Amenca, of adequate 
collections of type cultures provides the tnatenal for such compansons as may 
be necessary 

Pjg 47 provides a snmmaiy, u» chart form, of the Amencaa classification, 
with the modifications referred to above 

The following are the genera included in this classification, given in the order 
io which they are listed in the chart 

AetlDObaeOlas. — Gram negative noD-aodfast rods sometimee occnmng la long chains 
or ID imjomted filaments. In Ie«ions in the animal body no mycelmm is formed hot at 
the penphery finger-shaped cells or clubs mav be visible. 

Type eproiea. ActinotacSlus ItgnKTtsu 

Leptotriehla.— Thick, long, straight or curved threads, nabrancied, freqnentlv clubbed 
at one end and tapenng to the other Gram positive when yooug Threads fragment 



bacterial gesera 


into short, thich rods. Anaerobic or 
rranular No aenal hyph» or comdia 
Type species. LepMnchabuccaha 


facultative Non motile Filaments sometimes 
Pirasites or facultative parasites 


SGH120MYCETIS 



form of a much branched mycehutm 

firiranisroa growing “» „ A ^nnl mvcelium often formed under 

AeUnomyces— Organism ^ or even anaerobic. 

iir— “F“ 

of radiatmg tbre . . fyjns Dar*. ^ formation of 

lor,cr fiUmenU. which may snow 
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charactenstic grannie?. No Fporw. MotiLtr *!i?ht or absent. Cm positire. Slidil 
fennenlative actintie?. 3lKToa(TO[iiulic;. 17$aaav lamitic. 

Trye species. Erysijirlcthrtf r^iutofiatktte 

Mycoiaeteriom —Slender rod? which are ?Uined with diEcnltr hot wbeh. whm aa« 
stained, are acid last. Cells are sometime* swollea elarate. cmseate or erm bandied 
Non moine Cram positire. No endospoKS. Growth on rneda alow Aerohio 
Sereral species are pathogenic to animals. 

Type species. Hyecbofienttm ikhtmlotu, 

Coryotbaetcrinm —Gram posiiree rod like forma, arranged nsnallj in a johsad* Not 
acid fast- Often witheluVshaped«we!Iingaatthepole« pen«T*nT with megnlarlj stanuni: 
segmeota or grannies Non motiW oon-sponng Growing aerobicallr or onder micro- 
acrophihc conditions, but often capable of anaerobic cnlUration. Nerer forming gas m 
carbohydrate media, in which they may or maw not prodneo awdilT ThcT may or mar 
not hqaefy gelatin or serum Some specie* produce a powvrftd exotoxm. 
specie*. CarynAaeienkm dtfiiAtna. 

FnilfermU,— Ohhgate parasites, itnaerobic or microaerophihe. Cdls freqneotJT 
elongate and fusiform staining somewhat nnerenly FUamenU rometimc* formed. 
Non branching . Bomctime* highly {^omorphic. Non motik. No spise*. HeactKm to 
Gram s stam ranable, but mainlr Gram negative Growth in Ubontorr media feeble 

Type Tecie*. /Wi/amns teroitridia 

PlelScTtlla,— -Small, slender, neuaHy non motDe, Gram negative rods, oben stauusg 
irregnlarlyp and aometunea forming threads or showing * tendency towards branchusg. 
Growth en all media u rather slow gelatin may be slowly liquefied , fenMBlaticn of 
carbohydrates u very weak . cbaract^utie brown honev like growth on j«,ata. 

Type specie* PlnfftrtUa mollev 

Hydroctaoooaas.— Monotnehato short rods cayab'e of growing in the aUnre of 
organic matter, and seeunng growth energy by the osdation of hydrogen (formias 
water). 

Type species. Hydrograomcmas pvaToCrojAi. 

lIetba9oraoDas.—y[onotnchste short rods capable of growingin the sleroce of organic 
matter and secnnng growth energy bv the oxidatioa of methane (forming carbon iLoxide 
and water). 

"IjFO species. J/«tAd»otivw<w tnrihanua. 

Cuboxjdatnotiai, — Rod-shaped cells capable of securing growth energy bv the oxids 
tion of carbon monoxide (forming carbon d.ox>de). 

Tvpe specie?. CarXfoJnidomtikat dijoeaihojASa. 

Aeetohaeter — Cells rod-<haped ireqocnGy in chains, non motile. CeUs crow esaaST 
on the surface of alcoholic solutions as obligate aerobes, secunog growth energy bv tbe 
oxidation of alcohol to acetic acid. Also capable of utilizing certain other carbonaceous 
componnda, as sugar «"<t acetic aad. £3ongated. filamentous, club-shaped, evoGeo and 
even branched cells mav occur aa involvtion forms. 

Type *pecies. Aedotorfer oedi. 

Nltrosomonas. — rod-shaped or spbencal . motile or non*moliIe motile forms 
polar Capable ol securing growth energy by tbe oxidation of atnnwni* 

to mtnte*- Growth on media conUining organic substances scantT or abe^t. 

^^'pe species. A ifrcuomowM earopira. 

NitroOaeter— ^Ua rod-shaped. non-iDOtile. not growing nadihr on organic media or 
m the presence of ammonia. Celia capaWe o! securing growth energy \ij the oxidation 
of mtntee to nitrate*. 

Type specie*. A tfro&wter wnaofrairty** 
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Aiotobaeter — Relatively Urge rods, or even cocci, sometimes almost yeast-like in 
appearsnco, dependent pnmanly for growtli ene^ upon the oiidation of carbohydrates. 
Motile or 2«>n motile , motile forms possess « toft of polar flagella Obligate aerobes . 
usually growing in a film upon the surface of the culture medium. Capable of fir in g 
atmospheric nitrogen when grown in aolntiona contaimag carbohydrates and deficient 
IQ combined nitrogen. 

Type spectee. Aiolubaettr throoeocevm. 

Rbliohlum — JImute rods, motile when young Specialised fonaj abundant and char- 
actenstie when grown under auitahle conditions. Obbgate aerobes, capable of fixing 
atmospheno nitrogen when grown in the presence of caibohydrstea and in the absence 
of compounds of nitrogen. Produce nodules upon the roots of legumiuoua plants. 

Type species. RAisobtum Iryuminorarum 

Paendomonas — Bod shaped organiama, usually motile, by means of polar flagella 
Generally Gram negative Iion-cporing Aerobic . some species are facultative anae- 
robes. Fre<^ueQtly produce a water-soluble pig:meDt, which IS yellow, green blue purple 
or brown m colour, and which diflnsea through the medium Some species form a non 
diffusible yellow pigment, and some apeciea are photogenic Fermentstiou of carbo 
hydrates as a role not active. Frequently gelatut-bquefiers, and active ammonifiers 
Common in soil and water Many yellow epecieo are plant parasites 

Typo species. Pteudomonaa pyfxycnta 

(On grounds of pnonty the Amenean Committee reconuneud that this organism should 
bo called Ft ocniycnoau ) 

Vlhtb — Short, eurred, rigid rods, arranged singly or united into S-fonss or spirals 
hlotile by a single polar flagellum, which u usually r^tively short (*fome species may 
have two or three polar flagella ) Kon-eponog Usually Gram negative Aerobic and 
facultativelyanaerobic Many species liquefy gelatin and are active ammonifiers Com 
monly found in water Most species are aaprophytie . a few are pathogemo to man 

Type epecfea. Ti^no tKoUrct 

SpliQlam — Rigid rods of spiral form, varying considerably m the number, length 
and breadth of the spirals. Usually motde by means of a tuft of polar flagella (5 to 20} 
The flagella occur at one cr both poles , their number vanes greatly, and » difficult to 
detcrmuie, since in stained preparations scTenl are often united into a common strand 
GMierally Grain positive. &me species form a reddish yellow or greenish yellow pigment 
Found m water or putnd mfusions 

Typo species. Spinllum tiudufa 

Neisseria. — Gram negative cocci, usually arranged in pairs Strict parasites, often 
growing poorly on ordinary media, but growing well on serum media. Frequentlj patho- 


genic. 

Typo species. ^Mfena gonorrhoea 

Leueonostocr-Sphencal or ovoid cdls. arranged in pairs and chains , the cocci are 
eurrounded by a gelatmous envelope, wbicli mutes them into aoogtmal masses. Usually 
Gram positive.butdecoforueeasdy Saprophytes asaaUfgrowingmcane-sugarsolutwfla. 

Typo species. Loueonostoe mesenlerotdes 

SUeplocoeeus.~Sphencal or ovoid cells arranged la short or long chains, or in pairs. 
Non sponng, usually aon-motife Most Gram positive. Some species form 

capsules Growth tends to be relatively alighton artificialmedja.and some species grow 
poorly IB the absence of added native protein. Several species produce characteristic 
changes m media containing blood. Vanona carbohydrates are fermented with the pro 
duction of acid. Most species fall to bqnefy gelatin Ifost species are aerobic and 
facultatively anaerobic . some aro anacrofac Many sp«ie8 are normally on 

man or animab Some species are highly pathogenic, and some produce soluble toxins 

Type species. Streptacoeom pyogenes 
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SliphylOCOccBS — Sphencal or oroid non motile Gram po-itnc cells arranged id 
graptylike clusters on solid media and in fiaifs, small groups or short chains m liquid 
media On agar the growth is of a goJd«i white or yellow colour Great variation 
m biochemical activities hemolytic power, and pathogenicity Actual or potential 
parasites. 

Typo species. Staphplocoeeus aurtat 

Mlcrocoecns—Sphencal or ovoid cells non motile arranged m pairs tetrads or groups, 
but not in grape-hke cliisten or chains Generally Cram positive. Grow freely on 
ordinary media Sometimes produce a yetlovub pigment Gelatin liquefaction is not 
constant, and is usually slow Fermentative activities week. Usually non pathogenic 
to man or animals. 

Typo species d/ierneorevs Inltut 

Sarclna. — Has same characters as Mtcneocots except that cell division occurs under 
favourable conditions in three plaoea so that cubical packets are fanned. 

Type species. AtreiRa leR/ncu/i 

Rhodoeocens — Spheneal or ovoid celts oceumng in groups or regular packets. Usually 
Gram positive but are easily decolonzed. Growth on agar abundant with formation c! 
red pigment. Weak fermentative powers. Gelatin rarely liquefied. Nitrates generally 
reduced. Saprophytes. 

Type ipocies. ^Aodococcus rKodocKrotts 

Chremebaelerlqa. — Small non-eponng serotnerods usually motiJeand usually Gram 
negatives producing a y eltow, red or violet pigment, * hieh is generaUy insoluble in water 
Saprophytic • commonly found tn water or aoiL 

Tvpo species. CI»vmoBactfrium rtclattvm. 

Aehromobteterluo. — ifotde or non motile. Gram negative rods, usually small to 
medium in size, forming no pigment on agar, and varying m their fermentative ablLty 
Optimum temperature for growth about 25*C. bot often good growth at 37”C Sapro- 
phytic , commonly found in water, sod, and mdk 

Zopflus — Long rods, occumog in evenly eurred chains. Gram positive. Hotde. 
Spider-web growth on soLd media Fscaltative arurrohes. Carbohydrates and gelatm 
not attacked hydrogen sulplude not formed. 

Type species. Zopfiut zopfii 

Proteus — Highly pleomorphic rods filaments and curved cells being common In 
young cuItUTta. Gram negative. Actively motile. Characteristic apceading growth 
on moist media Often Lqoefy gelatin, and often produce vigorous decomposition of 
proteins. Ferment gluc(«e and usually sacrose, but not mannitol or lactose, with pro- 
duction of acid and gas. 

Type species. Profevt vuigaru 

Baclerlum — Gram negative, non-sponog rods oftenmotile witbpentnchatefiagella 
wbttifc wjsjdaAftd. Taady cuktwwIiVe «3«a ovdisaty UibvratAcy media. Aerobw and 

facultatively anaerobic. AQ Species ferment dextrose with the formation of acid, or acid 
and gas 3Iany species are active fermenters of a wide range of carbohydrates and allied 
eubstratea. Typically intesUnal parasites of man and animals, althongh some species 
may occur m other parts of the body, on {dants, or in the soQ. JIany species are 
pathogenic 

Type species. Baelenvm eofi 

Shigella — Gram negative, non motile rods, 2-3 (i long by 05-0 7 /i broad. Not 
capsulated, non-sponng Ferment » vanaUe number of carbohydrates with the pro- 
duetion of acid Lactose u not attacked exc^t by some speoes, and then not for two 
days or more Reduce mtrates to nitrites form ammonia but not hvdrogen sulphide, 
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arc Vogc6 Troskauer nesatitrc, and f»il to grow in Kwr’a citrate Pauiltalivo ftnafP)l>fs, 
SoDie species ate antigemcallj reKled One species produces a toxin Alost oiiccies an 
patliogcniQ to man, giving rise to dysenterj or Bometimrs acute gastro enteritis Foun 1 
as a rule, in the intestinal tract of human dj^enterj patients and contacts 

Typo species Shigella $higa 

Salmonella — Gram negative, non sponngiods, usually 1-3 Jong bi 0 5-0 7/1 bmnj 
IViBiarily intestinal parasites, widely distnbnted in man, niamraals and buds Wiib 
few exceptions all species are motde, by pentrKhate flagella Easily cultivable on erdm ir\ 
media Aerobic and facultalively anaerobic Apart from a few species that form a<ui 
only, acid and gas are produced from glucose, mannitol, dulcitol and sorbitol Laci we 
suCKBe, and adonitol, and, except rarely, aalictn ate not fermented Indole and acettl 
methylcarbinol are not formed Gelatin w seldom liquefied H.S production is ii. u il 
The species are closely related to each other by somatic and flagellar nntii.ena im i 
species are diphasic Fathogemc for roan, animals, birds, or all thiw givinc rise t t ‘•>1 
poisonii^, enteritis, or typhoid like infections 

Lactobacillus — litods, often long and slender Gram positive , non motile «itlir it 
endospores. Usually produce acid from carbohydrates, as a rule lactic Some us 
grow best at 40® to 44® C , and some species aro microaeropbihc Surface growth on « eii a 
poor 

T^pc species. LaclobanlUe eaucasteus 

FasteutelU — Small, Oram negative, ovoid bacUh. ahowisg bipolar etamuig Aerul c 
and facultatively anaerobic Powers of carbohydrate fermentation relatively slight no 
gas produced. Gelatin not liquefied Parasites m man and animals, producing charac- 
tenstio infections 

Type species P<uteureUa ausepdea 

Rsmophilus — hlinute rods, sometimes almost coceal, sometimes thread like mat 
be highly pleomorphic Non motile, nonsponog, Gram negative, not acid fast 
Dependent for their growth on the presence of some factor, which is supphed by blood 
pigments, and by certain plant tissues. Some species require for their growth a second 
factor which is present in blood in most plant tissues in yeast, or in the cells of other 
bacterial species All known species appear to b© obbgatory parasites aome ore pntho 
genic 

Type species. Sxm<rphlu3 tn^aenza 

Brucella — SinvU,non spormg Gram negalivccocco b«iHi Nonmotilc Crow rather 
poorly on ordinary media or may require special media Aerobic , no growth under 
strict anaerobic conditions Growth Oflen improved by CO, Little or no fermcntatiie 
action on carbohydrates Usually tend to produce alkali m htraus milk, and a brown 
pigmentation on potato Strict parssitea, occurnng in roan and aiuouils, and producing 
characteristic infections 

11^7>e species. Bruetlla ntlUeafis 

Bacinus —Aerobic, spore-beanng rods, usuaUy Grom positive. Oflen occur in long 
threads, and form rhiroid colonwa. Foot of rod not greatly changed at sporuUtion. 
Liquefy gelatin. Slostly sapropbylfs. 

Typo species. Bacillus suilUts 

aostrldlum —Anaerobic or mJcroaerophilic rod*, producing endosporro. which are 
usuaUy wider than the vegetative organisms to which they ai^sonsalled clostndiura 
forms. Generally Cram positive In jwmg culturro often decompose protein media 
through the agency of enrymes. and often lerment carbohydralea. Many fpec.ro ar, 
pathogenic 

Type species. CIostri<fiumh“'yvic«m. 
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CHAPTER II 


THE BACTERIOPHAGE 

In 1915, Tworfc descnbed a cunooa degeoerative change that he had obsened m 
cultzirea of a staphylococcus denved from calf lymph He was able to transmit 
this change Trom one culture of the snsceptibla organism to another, by placing 
on the surface of an inoculated agar slope a drop of a hjghjy diluted dltratc from a 
suspension of an earlier growth that had undergone the degenerate e change In 
1917 d’HereUe recorded hia first senes of observations on the lytic properties of 
filtrates of mixed cultures obtained from the fajces of patients suffering from Lacitiary 
dysentery In these prelimiaary studies, he was able to demonstrate the occurrence 
of rapid and genetabzed lysis m a growing brolb culture of a dysentery bacillus to 
which Some of the filtrate from the original nuxed culture had been added, and the 
tiansmission of the lytic agent la a prolonged senes of cultures of the susceptible 
bacterium, by the addition to each new culture of a filtrate obtuned from the 
preceding one after lysis had occurred 

There can be no doubt, though dHetelle has strenuously opposed this Mew, 
that these two descnptioos afford different examples of the same essential process 
With our present knowledge, we arc indeed, able to identify earlier records ol 
cunoua happenings and appearances in bacterial cultures as instances of this lytic 
change , but in none of these cases was the nature of the process studied m any 
detail, nor was its transmission by bactena free filtrates demonstrated Twort s 
ongmal paper, on the other hand contains a complete demonstration of all the 
essential features of this important and sigmficant reaction , and it has hence come 
to be generally known as the Twort d Hcrelle phenomenon ” 

D Herelle s observations, which be has recorded la numerous papers from 1917 
onwards and collected in three numographs (d Herelle 1921, 1926, 1930), have, 
however, been far more detailed and extensive, and have played s major part m the 
development of onr present conceptions. The name that ho applied to the lytic 
agent, BacUrwpfioffe, has come into generaJ use, familiarly shortened to the diminu 
live phaffe , and the view, consistently maintained by him, that this agent la a 
filtrable virus, parasitic on bacterial cells has won increasing support, particularly 
within recent years 

An extensive literature has grown around this subject , but we con here do 
no more than summanze certain of the more important obocrvations, and the 
conclusions that have been drawn from them The results Dblamed m recent 
studies have, indeed deprived many of the «rhcr records of all save hisloncal 
interest 


3S5 
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The General Characters ol Bacteriophage Lysis 

The observations of d Herelle, of Twoit, and of other earij workers established 
the following facts in regard to the bchaTionr of the Ijbc agent 

(1) It will pass through filters that hold back all bactena 

(2) It acts upon susceptible bactena in such a way as to bnng about 

their Ij«is dtmng the pha^ of actne bacterial growth. This Ijtic action 
may be demoiHtratcd in several 

different ways 

(o) 4 phagMontaimng filtrate 
may be added to a ^broth, or 
peptone-water, culture of a •sus- 
ceptible bactenum, the addition 
being made either at the tune the 
broth 13 inoculated, or denng the 
earh stages of bacterial growth 
The addition of an active filtrate 
will result, after a vanalle penod 
in a relatnely sudden clcanng of 
the turbid growing culture This 
clearing may be partial, or appar 
ently complete , hnt, even lo the 
latter ease, prolonged innihation 
Cfuallv results in renewed bao- 
lenal growtL 

(&) The surface ofan agar plate 
mar be thickly inoculated with a 
susceptible bactenum, so as to 
give a coafinent growth, and a 
few drops of a phage-contaimug filtrate may be spread over this inoculated 
surface before the plate is incubated If the filtrate is veiy active and has 
not been dilated no growth may develop over 
the area on which it has been spread, or ther? 
may be a few resistant colonics (Fig 
With a moderate dilution of the filtrate there 
will re«nlt irregular, coofiuent areas of clearing 
(Fig 4Sb) Mith a still greater dilution there 
will be a number of weU separated clear areas, 
each of them circular, or roughly cirrolar, in 
outline (Fig 4*^:) The'earethetorfesneiyes, 
flaques or j>hgts, of the French author: the 
Locher of the German. As the phage filtrate is 
still further diluted thc«eplaqnesbecomcfewer 
and fewer (Fig 48d) a Imear relation ensting 
between the degree of dilntion and the number 
of plaques at least over a considerable range 
Phage action may also be demonstrated on 
a solid medium by the appearance of “ bitten,” or “ milled colonic®, of 
the type «hown m Fig 49, or, m certain rather exceptional instances, 1 v 
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the occunence of a vitreous, ot granular, degeneration in colonies that 
have already attained a relatively advanced stage of growth 

(3) The lytic agent may be propagated indefinitely in sssoctation with 
growing cultures of the bacteria on which it acts A few drops of a filtrate 
from the first culture m which lysis has occurred may be added to a second 
young growing culture of the bactennm, this may be filtered after lysis 
and the filtrate added to a third freshly inoculated culture and so on in 
senes A phage filtrate may be active in very high dilution (I x 10“* or 
higher), and in successive passages, earned out as above the ongmal titre 
IS often increased dunng the earlier transfers, and is then maintained It 
is clear, therefore, that the lytic agent, whatever it may be is acti\ely 
reproduced during the lytic process There are few instances of its tepro 
duction in the absence of bacterial cells or in the presence of dead bacteria] 
cells (sec Krueger and Baldwin 1937) Under certain conditions however 
It can be produced in the presence of bacterial cells that though Imug 
ate not growing or dividing There has been some controversy on this 
point (see Otto and blunter J923 Twort 192 j 1926 Gratis and Rhode-* 
192S, Goha and Jacobsohn 1927, Bronfenbretmer and Muckenfuss 1927) 
but recently Krueger and his colleagues have defined conditions in which 
phaga appears to be produced without growth of the bacterial cell 
(Scribner and Krueger 1937 Krueger and Fong 1937, Northiop 1939) 

(4) Any given lytic agent will be found to be most active against one 
bacterial species or type, or against a few species or types that are known 
to be tela^d to one another Against unrelated species or types, there is 
nsually no action The phage is, then a highly specific agent 

(5) Fhngelysishasbeeaobservedioalargeooniberofbactenaispecies It 
h-isabobeeiireportedjQye»stsaDdnct)Doinyces(Wiebolsand Wieringa 1936) 

(6) A secondary result of phage action is the appearance, in the bacterial 
culture that is undergoing lysis of variants that are resistant to the action 
of the particular phage concerned These variants ate usually susceptible 
to tie actwa of ofi«f pbsgea 

(7) A large number of bacteria ore known to carry a lytic agent to 
which they are themsehes resistant These phage resistant carrier strains 
are called lysogenic L)Sogemc atrains are indistinguishable from others 
except for the fact that they release an agent which is actively lytic for 
phage sensitive bacteria. A lysogemc etram, and the bacteria sensitive to 
thelytio agent it canies usually belong to the same species or gronp of 
micro organisms 

(8) One of the commonest natural habitats of the phage is the intestinal 
tract of man and animals, and filtrates active against one ot more bacteria 
can almost always be obtamed from any specimen of feces, ot from material 
that has been subjected to fsecal pollution 


The Nature o! the Bacteriophage 

As we have seen, d Hetelle has consistently maintained the view that the 
phage 15 a fiUrable virus, parasitic on biicteiia This hypothesis has always been 
m accord with many of the most stnkrag features of phage behaviour (see Fin 
1923 Reichert 1924, Schuurman 1925) There can be bttleidoubt that it would 
have gamed early and general acceptance but for the fact that certain recorded 
observations seemed almost irreconcilable with it 
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BeoiW! of the* difficoltia m .ctoplin; the nnu hvpothent vanoos altera, 
Ure theones ha^e b«n propoonded 

Kabeshima tiial the phase ma % esUlyst, artirsting a pro-fenn-nl 

present m the bactena tbemwlrw. Oa tha nevlhe Llershoa of Ihs fenaent m «a *curf 

formvodd ofconrs? hare to be regwdtd as aa essential coaseqaeaee of the Ijsa of the 

bactenal cells, the process, when oaw set psios. hem; self teprodoctas 

Bordet {see Bordet and Guc* 1920 Bordet 1923 1925) sous^ht to reconcile tt» con 
ccpuoo of an loammate phape with »ta teproduclion m an oaLauted eencs in a rath*f 
different way He suggested that the phenomenco was a tnieaQtolvsis,tbe active agent 
being prodoeed escln«mlv from tli« baeterta theraselm The origin oftheaatoly»-sh* 
traced to a distorfaance of the Dormal eqoilibrram between the aasuilstiTB and ia»tabdi2 
actiTiOes of the bactenal cell, adding the sui^xxitiea (hat th» Enbetaneea eet free danns 
the a-atoly»« of the cells mituUr affected were able to act in »me way upon risceptibl- 
but hitherto nnaiffccted eells, and to tniUate in tbeo the same senes of antolrtie change* 
Once started the process wrmld thns be transaussnile m senes, pnmded that susceptiU- 
bactena were present and that these baetena wero metabobealle active. 

Northrop (1939) etsphasued the greater likezvss of manv of the eha'actenslies of 
phage prodnctioa and action to the prodnctioo and action of enzemes, and in supp^ 
of hi* lbP*M <ifmoii«trated the nmilantr to the prodoction of an eitracelltilar g*latxaa«* 
anfl of pha-e from a li-*opcmc strain of B me^tXmaet 

Another hepotbests, advanced by Hadlev (19^ 192») and since put forward m a 
ratherdiffeent fom by UoHman(l92o 19^ I92» 1929 lOJlu fc 1935)£ai>eahon’o!!]Bafl 
and ftoUman 103'' and Lwoff aasnmes tb» phenomenon to be porelr bacterul 

in ori'^ but relates it to the genetic not to the artaboLc activities of bactenal erIL 
The phSfc on this new would be regarded as analogont to •otne pene*carmRg con* 
st tuent of the bactenal eeQ, ce eome filtrable phase in a complex tife<vcle It most, 
of eoQf*e bo assumed that the addition of this ceQnlar coispoDcnt or bactenal phase 
to a Tonng culture of rusceptiblo otgaoisms so alters their genetic lehanour that thev 
□ndergo Inis during the fi rot»' .»s of mnltipbnitioo. and. in so doing reprtdoce tbe active 
agent in large amount As further endeoce for their ww IVolIman and fTi^Imaa (1'<3Q, 
193%) maintain that each Lvmg cellofa phage-carmnz strain of J? neptMenen ITbciates 
one and oiJv one particle of pbace if the pha^e were an exleruaDv mfecling Tima. 
It is argued tbe number present xn a earner cell sboold tmt from cell to reB. Grstu 
(1936) and Flu (iu3vi) wMbinz with (be same strain of bacimum have both l>eeii unable 
to elicit the one-to-one ratio described bv tbe WoUmana , berth find the nombe- of particles 
bberated can exceed tbe number of bacterial ceDs (see al<o Lewis and llceley 1936) 

There are we thmh adequate reasons for accepting the Tiros hypothesis, at 
least as the most probable explanation of all tbe recorded facts. In seating oat 
the cndence that seems to ns to justify this concloaon it will be coDTcnient to 
digi-T if. senafim certain aspects of the nature and behaTjonr of the phs^^ but 
before doing so one point may be made clear «i»ce it will be inTolred m onr con 
sideration of each other qne«tioD m torn. 

D Herelle for reasons that are not easy to appreciata has nph»Id the view 
that the phage is a single bving organism, Prvtoirtos baetfrxopha^TTt, which mar 
adapt it«elf to bve at the expense of » wide -vanety of different bacteria The very 
extensive evidence that is now available is quite incompatible with this view 
There tS not one phage but an enormoos number of different phages and m order 
to obtain constant and reproducible Te«oltB it is as necessary to woth with pure 
strains of pha»e as with pure coltnres of bacteria. Neglect of this precaution has 
rendered many recorded studies of very donbtfiil value 

Pure strains of phage mar be obtained in two ways. Since a given stram of 



THE FtliSIOiL STATE OF THE PHAOE 


233 


bacterium will m many cases be susceptible to only one of the phages contained 
in a crude mixed filtrate, repeated transfer in growmg cultures of this bacterium 
wiU often eliminate all phages except the one to which it is sensitn e This method 
IS not, hovreier, always reliable A crude filtrate will often be found to contain 
more than one phage acting on the test bacterium selected In such a case each 
of these phages may be propagated in successive transfers It often happens that 
one or more are reproduced more rapidly than the others, and so ha\e a better 
chance of transfer , but such phage caltnres may remain mixed throughout a 
namber of generations An alternative, and better, method is to picL from isolated 
plaques on agar plates, just as we pick isolated colonies in attempting to punfv 
a mixed bacterial culture By a combination of these two methods it is usually 
possible to obtain phage strains of undoubted purity , but the procedure may tie 
laborious, and contamination is very liable to occur Tor the«e reasons strict 
attention to details of technique is required in an) work of this kind (see Vsheshov 
ci al 1933o, Bahietcn and ^kieten ld37) 

The ways in nhich various strains of phage can be dilTcrentiatcd from one 
another will be considered in later sections of this chapter At the moment we 
are concerned only with the point that eucb strains exist, and arc identifisbJe 
The Physical State of the Phage Is it Particulate or m Solution P 

Given a bsetena free filtrate containing active phige we may determine 
whether it behaves as a homogeneous eolation or whether the aetiwty » d« 
tributed in a discontinuous fashion throughout tho eolation The answer wil) 
depend entirely os the eeiisitnity of the method of examisatioa The question 
therefore “ Is phage particulate ^ ' must be understood in the restricted sense 
“Is tho lytio actmty in the solution continuous or djscontjniieus * ' Should it 
prove to be continuous, the f'lct is not evidence that phage is not paitii.ulate in 
the general sense of the term but merely that the technique was too insensitive 
to detect the separate units in action 

As d'Heielle showed isolated plaques form on agar cultures over which a high 
dilution of phage filtrate has been spread As further ciidencc that the phage 
actmty was discontinuous d Herelle noted that when a very high dilution of 
phage filtrate was distributed in equal volumes among a large number of tubes, 
each containing a young growing culture of a sensitive bacterium lysis occurred 
in some tubes but not in others indicating that the active agent was not uniformly 
dispersed in solution This observation bas been confirmed by a number of sub 
sequent observers (Bronfenbrenner and Korb I925h McKinley and Holden 1920 
Broufenbrenner 1927) and both Feemster and Wells (1933) and Luna (1910) 
have shown that the proportion of tubes showing lysis among largo numbers 
inoculated with varying amounts of phage filtrate u m accord with statistical 
expectations ba«ed on the assumption that the agent is dispersed in l}'tic particles 


A possible escape from the obyious impUcatwn of these obscrrations was provided 
by tho assumption that only a few of the bacteria m any culture were susceptible to phage 
action This assumption hiul little uihemit probabihly and wutd hardly account for 
the test-tul« experiments referred to alwye but it was accepted by aonio obwrrcrs, msmiy 
on account of other oi servation', that m«l t » trH agsm-t a i«rt.coUle natoro 

■Hius Bonht (1923) stato<l Uivt «t »hj> impowuU to roncentrale a j hage filtrate bv centn 
fugstKin «t high W. mr kno* tl at thw can iva-hlv U- .Ickk .f vs 

adeouato OWn and Sasaki (1023) stated that Uw |W-e aas voW.k This wouU 
have fmaUy d.spos^ of tbe view that it was particulate, or a Imns mgmt of anj nature, 
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but tho results recorJed were undoubtedly due to tecbmcal errors (Sp§t 1914, Borchardt 
1024 Gildemeister and Kerzberg 19246 3&i»ner 10246, Geroke 192S, Bronfenbrenner 
and Korb 1025^} 

The Bize of the lytic particle in a number of phage preparations has been deter 
mined and it has been found that diflerent strains of phage are each charactemed 
by a certain relatively nanow range of particle sires. 

The size has been estimated m Tanoos ways. FiIttatioQ through membranes of 
approximately known pore sizes indicated diameters of tlic order of 2(1-50 m/i (Stassano 
and do Beaufort 1025 Bechhold and Villa I92C, Zinsser and Tang 1927) Elford and 
Andrewes (1032) used carefully graded coBodicm membranes and showed that different 
pure strain phages had each a different particle and that sir© was independent of the 
particular strain of bactenum upon which they were being propagated One phage for 
instance, had a mean diameter of ft-12 m/i The diameters of a group of phages lay 
between 50 and 75 tn/t while other strains gave intermediate valuea. haoi and Sato 
(1935) recorded similar resnlts Schlesmger (IS32'33o 1933) Elford (1036), McIntosh 
and Sclbic (1037) smd Pate, Krusnoff Haber. R«iniAaQdVoet{l93S)e6timatedtb» diameter 
of phage particles bv measuring tbeir rate of sedimentation m a high-speed centrifuge 
The results were coasutent with those observed by filtration and confirmed the existence 
of A wide range of particlc-sizc UoUman and Incasaignc (1040) estimated a similar 
range of sizcw from the results of inactivation of phagrs by X radiation (»e also Luns 
and Exnrr 1041) 

Referenco to Chapters 2 and 41 will show that the larger phages are big enoogb to 
be demonstrated by modem rmcrcecopieal methods Jlerling EiWnberg (1939) and Eisen 
herg Sferhug (1941 ) obtained photomicrognphic images in visible light of staphylococcus 
and AkI colt phages which on phototoctnc mcMuiement vtelded estimates of sue einular 
to those obtained by ultnfiltration and ultraeentnfugstion studies. Barannl using the 
technique of photography by monochrofoatie ultra nolet light, has obtained photographs 
of a phage of this tvpc which show it io be compoeed of uniformly sued particles with 
a diameter of about 60 ui/i (see Burnet 1933e) The^ large phages produce « lywed 
broth coltures a turbidity that can be detected bv its Tyndall effect, and the mte^tv 
of this effect has been found to provide an accurate measure of the concentration of the 
phage m the filtrate (Scbleemger 1932-336, Schuurmas and Schuunnan ten Bekket 
Hmiunck 193G) 

Electron micrographs reveal not only the size of phage particles but aLo a structure 
Ruska (1941) noted spenn shaped ” particles m faw photographs, and more recentlv 
Luroa Delbruck and Anderson (1943) have shown that three of four Daet call phages 
they studied had an opaque head ’ consisting of a pattern of granules, about 80 vtfi 
in diameter, and a less opaque “tafl” about 120 tnj$ long (Figs. 50 61, 52) 

Our conception of the lytic particle of a size that closely characterizes the 
various types of phage as the ultimate umt of phage, does not accord with recent 
descriptions of certain physical and serological properties of BacL co!i phage 
By diffusion espemnenta with dilute eoluUona Halmanson and Bronfenbrenner 
(1939) deduced a particle weight of 1,500 000 for a cob phage The particle weight 
of the conc«ponding lytic unit was 27 times as great Again, the maximum 
amount of antibody that combined with a lytic umt of phage was found to b® 
far mote than could be accommodated on the surface of a simple lytic unit By 
postulating subunits of 1.500000 particle weight, the qaintitafire serological 
data fall into line anth tho^e from reactions of other antisen antibody systems 
(Her«hey, Kalmanson and Bronfenbrenner 1913) The lytic unit appears to be 
made up of about 30 independent diffnsuig umts. bound by 2o per cent of earner 
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Fio 60— nipctfon mirrogniph* of • ttad (9} pJi*go <X jSOOO) 
(from A phetivnjh kloilly lon'IM by Dr « E 


protcm into an (hat m concentntcd solutions behaaes in lysis in tlie 

photograpliic m the ultraccnlnfuge and in the ulttahlter as a unit particle 
The titration of l)tic actint j hy (lop a«jue method thus reveals only one m thirty 
of the sub units. T1 e Ijtic unit readily dissociates into ditfusing particles al 0 
containing carrier protein wbicb in tom are made up of ultimate particles having 
a particle weight of 60 000 If these facts are confirmed then the chemical descrip 
tinns of phage ay a nueJeo-protwD (see Sehieswger 3931 Nezihrop }&3S) zoty 
prove to be descriptions of carrier protein only The identity of the protein 
isolated from phage preparations with phage itself has already been questioned 
on technical grounds (see 3Ioriyama and Ohasbi 1937 Flu 193Sh} 

The justifiable inferences from all these observations take us far be>ond the 
conclusion that t! e phage is particulate They accord well wuth the view that 
phages ate filtrable viruses They accord badly with any other hypothesis that 
has yet been propounded A particulate lytic agent might conceivably consist of 
particles of bacterial protoplasm on to which some active prmcipfe had been 
adsorbed If so the adsorbing material and the nature of the complex formed 
must bo specific for each phage in a high degree or the particles resulting from 
disruption of a bactermm by one type of phage would be of varying sues and 
would be unlikely to differ consistently m size from those produced by the action 
of another phage 
Other Characters of the Fbages 

Most phages within the pTI range over which they remain active appear to 
carry a negative elcctnc charge in this way resembling bacteria and filtrable viruses 
(Todd 1927, Krueger el al l'>29 Bomet and SfcKie 1930a Natarajan and Hyde 
1930) 
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The fact that phages will grow only m the ptcsence of multiplying or Imni; 
bacteria renders the study of their metabolic activities eiceedu^Iy difficult Apart 
from the work of Schuler (see Editorial 1935) which suggests that phosphates « 
t^he only hjdrolytic enzyme possessed by the bacteriophage, such studies as have 
been recorded have, m fact yielded negative or ambiguous results (Bronfenbrenner 
1921-25 1926, Gozony and SuianyjlSK Kauffmatm 1925-26, Bronfenbrenner and 
Reichert 1926-27, Schwartzman 1926-27, Bachmann and Wohlfed 1927) 

The resistance of various phages to heat and to other physical or chemical 
agents has been studied in some detail Certam early statements ascribed to Ivtic 
filtrates a degree of resistance to heat, and to sneh chemical agents as chloroform 
toluene alcohol acetone, etc , that seemed to place them m a category apart from 
other liMDg things except the spote-beanng bactena (see Kabeshima 1920) These 
statements played a not mconsiderable part in the coatro%crsy as to whether the 
phage was a Imng or non livmg agent , but they were not in accord with all the 
records existing at the time— Twort (1915) for instance, had stated that his lytic 
agent was inactivated by heating at GO* C for 1 hour— and they have since been 
shown to bar c no general validity All the eandence suggests that different strains 
of phage like different species of bactena differ from one another m their resistance 
to heat, to drying and freezmg (see Knorr and Rnf 193o Campbell Benton 1911) 
to shaking (Campbell Rcoton 1912) and to various other physical and chemical 
reagents, and that the range of sensitivity, taken as a whole ts much the same 
m the two ca«cs 

A few obwevaUons of geueml laterest m regard to this jarticular problem may be 
brwfly noted. Baker and banavutty (1929) found that the time rcbtioiu of (he inactira 
tion of a Shiga phage by ultra nolet light were doaely umlbr to the Mbng of IJact mlt 
by the same agent The time required to inaclivato the Shiga phage or a staphrlococeal 
phage did not differ greatly from that requited to bll Baet eolt , but the time required to 
inaetivata trrpam ms 20-30 timee as loo^ and for the inactiratioa of diastase a^ut 120 
tunes as long In this respect therefore the phages studied behaved as bviog things, not 
as 'erments («ee also Gates 1934) tVnght and Kerstea (1937) and Campbell Renton 
(1037) noted a wide variation m (be sensitivity of different phages to ultra violet light 

Schultz and Krueger (192$) recorded the iiurUvation of a staphylococcus phage by 
methylene blue Clifton (1931) found that this inactivation occ ur red when the mixtnre 
was exposed to sunlight but not m the dark, and concluded that it was duo to the oxidation 
of the phage by the pfaotodynanucsily activated dye, Perdren and Todd (1933), nsmg 
more exact methods record similar results. Different phages have been fonnd to vary 
widely m their sensitiveness to this photodynamicaction, though none is entirely resistant 
(Burnet 1933* 1934) Staphyloeocrus phage may aUo be inacbvated by safranme. 
the inactivation is partly photodvnsmic (Krueger and Baldwin 1935) 

Phage IS uactivated by aldehydes and the mactivahoa reversed by the addition of 
substances with free anuno or iimno groups which compete with the phage for the aldehyde 
(Kendall and Colwell 1933 Kligler and Okimh 1913) The activity of the phage appears 
to depend m part upon certain of the free — ^NH,or — groups on its surface Levm 
and lUnninski (1936) record rever^ble inactivation of phage by lecithin, winch appears 
to prevent access of phage to sensitive bactena IHIhams Sandholrer and Berry (1940) 
record the inactivation of a pb^ bv cholesterol and cephahn, by bacteml and certam 
non bacteml phospholipins but not by leothin sphmnomvelm or plasma phoepholipins 

A well marked antsgomstic action on the viability of phages, of Ca ilg Ba and Sr 
ions on the one hand, and of Na and K tons on the other can be demonstrated (Burnet 
and SIcKie 1930rt SeHio 1937a Gratia 1940) auggoting that these ions are acting on a 
protem constituent at the surface of a bving cell DimmuUon m phage counts are also 
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observed nfter treatment of the phage at 60*C \nlh vanous anions (ObasJu 193S) The 
inhibition of Ijais by which inactivation » measured mav be due io sn actiati, mt oa 
the phage particle itself, hot on the senaitiTe bactenuni hor msfance. Cost (19J3) has 
shown that with high concentrations of nnirafent cations, hko Na, and moderate con 
eentrationa (0 1 molar) of Mg ions, plate Ijns may be couipJetelj mashed by ovei^roirth 
of resistant bacteria, which are apparently produced in large numbers m the presence 
of the cations. Some of the larger phages are rapidly inactivated by a strong u«a solution 
a reagent that acts similarly on many bacten* and viruses (Bomet 13335 I33t) 

It has been shown by several workers that aome. but not all. phages are unable to 
produce lysis in bacterial cultures growing in a medium from w hieh the calcium ions ha^e 
been removed by previous treatment with citrate (Staai,ano and de Beaufort 1923 Bordet 
1323, Asbeshov 1323, Buntet 19335) Hus fact allows & useful differentiation of phages 
into “ citrate sensitive ’ and * citrate resistant ” atraina , but it should be noted that 
an imtially citrate sensitive phage may often be trained to produce lj»is in a citrat*. 
oonfaiiung medium 


The Mecbaiusm o! Phage Lysis 

In considermg the mechamam of ph&ge lyais tee may first deal with the pheno 
menoD in a general eense, leaving the problem of specificity for later consideration 

DHerelle’s conception of the lytic process, based of course on the view that 
the phage la a parasitic virus, is sunple and straightforward He believes that a 
phage particle enters a growing bacteniJ cell, multiplies within it, and causes lU 
mote or less ezploaive dtsmtegiation when the bmit of distension has been reached 
This limit appears to ^ ary over a considerable range , hut disruption usually occurs 
when the number of particles in the cell have reached some fignie between 6 and 60 
la support of thia view, d Hecelle states that the addition of very small amounts of 
phage to a growing culture is followed by a step like increase in phage titre during 
the earlier stages of growth, successive sudden increases occumng at intervals of 
20 to 30 minutes After a few such jumps in titre the phage concentration rues 
loganthmically until lysts occurs This change from a discontinuous to a continuous 
rise would, of coiuse, be expected , since the successive increases would soon get 
out of step, and their combined effect would give a steady nse m titre 

Burnet {1929e) has recorded observations that are in entire accord with dHerelie'a 
view To a number of small tubes each containing a young actively growmg culture 
of a sensitive bacterium, he added a pbage filtrate so highly diluted that, on the average, 
each tube received a single particle. At short mtervab thereafter the whole contents of 
one of tie tubes was spread on the surface of an agar plate, and the resulting plaques were 
counted The -esults showed that there was no detectable mcreasa during the first 20 
minutes or so. After this time there was a sharp and sudden nse Thus, a senes of tubes 


plated at one minute intervals, over the appropnato time range, gave 1, 0 1, 2, 0, 1, 80, 
0, 3, 120, 1, 230 0 and JOO plaques The absenco of values intermediate betwwn 1 and 
80, makes it dear that tbe free phage m the culture was not increasing by twofold steps, 
as would occar dunng the early generations of a single bacterium multiplying by bma^ 
fission , and the only obvious csplanation of auch findings is that tba phage partides are 
dividing in, or on, a bacterium, and are anddenly Lberated mto the surrounding fluid when 
that bacterium disrupts. These observations have been fully confirmed by lUis and 
Delbruck (1933) and Hershey and Bronfwibrenner (1W3) 

Tbe process of phage lysia has aho been studied quantitatively by observsUons earned 
oul on 4 Inins cnllra «• « (i™. I^PP" KmE" ".a ^o^threp 

assn determined tbe rates of growth of ataphylorocm and ataphjiorowal phage In a 
Irtie mialnre After a ehort lag I»n“> «» aonrontralion of baeterm and pUge both 
lieremied etmidilj np to the moment of arohl. !,». The rate of mei^ "t ph*^ >•< 
eonaletentlj. greater than that of the hacteii. Chlhin and Morn™- (I03«l dimonaltated 
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a ^imiLir rfhtioa-«hii. in a l\fic fnixtore of ftirf eoli and a coli pha-o In 
ma-wi\c J>-*w tta» mitntwl «hon flwMittinber of ihace particle per lKict<-ml cell reicbfd 
a certain \al ic In the J^ei ttJi avstem it waa 1 CfiQ The fteailr ratal of } hage pro- 
duction aa Burnet (t034) poinU out are not incompatible »-\th the conception of liben- 

lion of phaee in bursts from infected Uctens but mav veil represent the statistical STeraee 
of large numUrs of sudden bursts occurring at diifereat times. Krueger and Fong (1937) 
later showed that the relationship iinty had oh^erred between hacUnal count and phaee 
count was peculiar to tl cir conditioM of measurement, which happened to hare been 
near the optimum both for phage production and bactenal groirth , onrt. as we hare 
already noted they were apparently able by altering these conditions to demonstrate 
incrcaso of phage in the absence of baclenal moltiplieation. This important obserration. 
that phage is hberstcil m Urge amounU from infei^ bsctena in the absence of bacterial 
multiphcation has been repeated I r Spuizen (1943^) but in new of the Urge number 
of prenous negatire reports, it mar be wise to await its furtJier confirmaUoa. 

Ue ma> distinguish three stages in the production of phage namclr adscsptioD of 
phage on tl e bacteria (Fig 51) a period of constant phage count in which phage grows 
m or on the bacteria and release of phage when the phage count n»ea (Fig 52) 

Adtorpllnn —The rate of adsorptioD depends on the coneentmtion of both phage and 
baetena The adsorption capacity of a bacterial spretes for a phage to which it is scnsitire 
rams with tlie strain (i>ee for instance Her^y and Bronfenbrenner 1943) and the pirsio 
logical state of the bacterial cell. Dilbnicb (1940) found th.at an actrrely growuig cahure 
of Ilaet coll adsorlicd 200 particles per cell while the celU of starrcil culture of the same 
•tram adsorbed onh 20 particW per ctlL IVlien a phage filtrate is adsorbed hr excens 
of baetena a certain amount of midual phage u left which was regarded br Krueger 
(1031) as endcnce th.at adsorption was termible An altematire riew (bchkainger 
]932-33a b and Delbruck 1942) regards the residual phage as haring lessened affinity 
for the bactenum 

CoBStaist Period. — The coa<tant period ranee in the same wnr that dmuon of bacteria 
ranee with temperature (Ellis and Dclbruch 1939) 

Release of Phage —At the end of tlie constant pennl tho release of phage occurs 
steailiU for a nrta n penod dunng which aQ the inft^ted bsctena ooe after the other 
arc h'sed, and then erases a step being followed b} a bait m the curve of phage pro- 
duction Tlie releawd phage is sil«>rbr<l to other Uvteno, and m due time a second 
step release occura, and so on each succeeding Step being less clearly marked as the 
cycles of adsorpt on growth and release in each infected bactenum overlap one another 
in tune AA ithin certain hunts the constant period and the size of the step release ate 
independent of the number of phage particles adsorbed and it appears that If mote 
than one particle is adsorbed, only one of them actively induces the production of more 
phage Lvsis of the growing culture as a whole occurs when the phage concentration 
reaches a threshold hmit for the numljer of baetena pce«ent- In hw studies of Bact, a4i 
phage systems Delbruck (1940) demonstrated m bacteria, at a given staim of growth 
a close *i mi7itn tj- of the adsorptwo eapscitr of the bacteniua the threshold Lmt fer 
ly^is, and the yield of phage at the end of the constant period and suggested that each 
bactenum might produce os many phage particles as it had receptors to which adsorption 
could take place Using a wmiUr system Herehey and Bronfenbrenner (1943) did not 
obseiTC any simple relation between phage yield and adsorptive capacity 

It may be noted that phage particle^ when present in adequate concentration, are abb 
to kill baetena without prodaemg lysis. Andrewes and Elford (1932) have demonstrated 
this direct tinmg action bv studies with a catrate Benative cob phage Mixtures of this 
phage with a sensitive Boct cofi when plated on citrate agar gave normal growth without 
lysis, 60 long as the phage concentration was below a certam limit. But when tha limit 
was exceeded 9o-99 per cent of the Barf «/• were Jdibd in the sense that they failed to 
develop on the citrate agar, although there was, of course still no lysis. 
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later section this absorption is specific 
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Apart from the>!c quantitatirc data, it is, of co\ir<>e. possible to ol»ervE tbe 
occurrence of phage I 3 sia under the micro!>cope, and this has in fact 1 >ecn done (see 
d Ilerellc 192!, 1926, Twort 1922, WoUman 1925, Burnet 192o, v Freisz 1025, 
"Manninger 1926, da Costa Cruz 19^, Bronfenlrenner el al 1927, Bronfenbrenner 
192S, Bayne-Joncs and Sandholzer 1933) Xotall of these observations hare been 
made under the best modem conditions of microscopy or photonuciogiaphy, so 
that tbcir lalne, particularly in regard to matters of detail, vanes considerably 
They differ, also, in certain particulars of the actunl happenings that are desenbed, 
and there can be little doubt that phage lyais may, m fact, occur in several different 
ways, according to the nature of the phage and hacteniun involved. 

Swelling of the bacteria] cells u nsnallj *ocn m the early stages of the process, and 
15 sometimes aocompamed bj the development of graniiles. Ttc cLsroption of the swollen 
bactcnal cell is usually very endden The cell may appear to explode, girag place to 
a cload of granular debns, or it mav toM> its oatlme and disappear, without the liberation 
of the granular cloud 

tierling Eiscnberg (193S) (see also Eisenberg Sferling 1941) was able to male direct 
observations on the disruption of invaded bacteria . he found that ISO-SOO phsge |«irticles 
were Lberntcd from cells of Bad celt and 2-1 from cvUs of StajA ennve Delbnick 
(1940) distinguishes two forms of lysis, lyau from without and lysis from wiUun Lysis 
from without occurs almost instantly when pbsge w adsorbed at the threshold hnut. 
The cells ewell into spherical bodies Lysia from within occurs in Bad coli after the 
adsorption of one or a few particles, but not until the phsge has multiplied to the threshold 
limit The cells appear to fade more or less quicUy Electron mi i sographie studies of 
Burt coll undergoing phage lysis (Luru, Delbril^ and Anderson 1943) gave precise pictures 
of the ad-orption of phage, Ivsts of the cell, and Lberation of phace particles l^m the 
intenor of the cell which were numeneaOv m accord with the rmlta obtained hv con 
current phage counts of the mfected culturrsstodied They 4 l«o Rvealed that m muluph* 
infection of a ccO the adsorbed particles did not seem to enter the cell, but mmatned 
attached to the cell wall 

The mechanism of the actual disintegration of lywd bactena is not understood In 
some cases it is doubtful whether such disintegration occurs, at anv rate at the moment 
when the turbidity of the culture disappears. \\ ith eorae phages the absence of micro- 
scopicall; apparent disintegration at this moment suggests that the mom change is an 
approximation of the optical character of (be baclena to that of the suspending medium. 

The liberation by phage of a lytic enzvinc at the time of Ivsis was postulated fardTIereUt. 
(192G) Sertic (1929, 1^76 , Sertic and Boulgakov 1939) observed a hak> round each 
plaque formed by certain cob phages in an opaque growth of Bad eeli The halo was 
due to the induction of variants of the Bad colt used, bv a “ lysm ” which would pass 
an ultrafiltcr , the variants grew as a transparent film The addition of the phase free 
lysm to a mixture of Bad co/i and a phage to which it was insensitive resulted m lysis. 
The lysm apparently destroyed certain antigenic constituents of the insensitive Bad colt 
thereby creating a variant of different eensitinfy {see also Schnunaan 193G) Evans 
(1940) was abk to enhance the activity of streptococcal phages on te€istaat strains hv 
oddmga small quantity of a susceptible strain to the mixture, the eipLuned the reaction 
in terms of nascent phage It is probable that she was dealing with a Ivsm similar 
to that of Sertic Campbell Eenton (1937) otwerred a rdated phenomenon when phage 
filtrates inactivated by ultra violet bght were tested on sensitive organisms there was 
a Ivsis of the bactena without the fonnalion of plaques In both these coses the 

lytic agent appeared to be derived from theLactenophage This view was also supported 
by Gratia (1937) On the other hand Bronfenbrenner and Muckenfnss (1927) obtained 
a lytic enzyme from both normal and idisge lysed cultures of staphylococci. WoUmsn 
{1934a) upheld the bacterial ongm of lybc enzymes Phage action con be enhanced 
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1> IjticciajmesofhertbanllioMderivedlrombactCTiaotpbage Lvsozj-me fonnstancc, 
will enlianee tlie action of cliolera phage (White 1937) 

Pine (1039) obson-wl an incnsisc m leduong sugars and a decrease m precipitable 
carboIi\dmte during ly«ia bv coli phage ^o cmyme was defected m the phage itself 
but the CoU baciUua yielded an cnayme that attacked the bacterial cellular ^lysac 
chandes Though no direct conneebon exists between this phenomenon and lysis by the 
phage the associabon of lysia with the enxymic destruction of those oellolar elements 
known to adsorb phage la at least suggestive In a later paper (1940) Pine records the 
release of adsorbed phage from P megathtnum by treatment with lysozyme and the 
destruction of the bactenum a capacity to absorb phage by prelimiuary mcubation mth 
Ij-sozyme The lysozyme hydrolysed a eatboh5<lrate present m B mtgathenum and 
as Pine suggests it is possible that carbohydrate is one that determines the specific absorp- 
tion of the phage 

Phage Production and Phage Pteenrsot 

The rapid production of phage from bacteria following the adsorption of one 
or a few phage particles has auggested to some workers the possibzhty that the 
suhstancea of bacteria] origin from which the phage is derived exist as a precursor 
requiring only a few comparatively sm-iU traasfomutions to convert it into phage 
The analogy of the activation of a pepsinogen by a pepsin has been cited m tins 
connection It breaks down however m one important respect for with the 
activation of enzyme precursors by stmilar enzj'mes, it is the nature of the precursor 
which determuies the enzyme produced Thus chicken pepsin converts swine 
pepsinogen into swine pepsio and swine pepsin converts chicken pepsmogen into 
chicken pepsin (Hemott Bartz and biorthrop 195S) A bactenum on the 
other hand, may be attacked by several distinct phages and each phage reproduces 
itself If a single phage precursor is postulated it must then be sufRciently primi 
tive in form to yield a vanety of pbages when suitably activated. Krueger and 
Baldwin (1937) made a cell free extract of staphylococci m the presence of which 
the titre of a phage dltrate doubled to 2 boors In staphylococci this phage 
precursor was more easily destroyed than either the cells which produced it or 
the phage into which it was converted Apparently protein m nature its acttvitj 
was reduced by antistaphylococcal senim, by heating to 45® C for 20 minutes fay 
lodoacetic acid, and by light in the presence of methylene blue It was not liberated 
from celts disintegrated by some vibrations (see Krueger, Scribuer and Mecracken 
1910, Krueger, Brown and Scribner 1941) 

Spizizen (19435) has opened up a new field in the study of phage precursors 
by applying the methods elaborated by workers on bacterial nutrition to the 
study of phage production by Bael colt in phosphate buffer Several ammo acids, 
certain phosphorylated compounds (mcluding nucleic acid and co-enzyme I) 
4-carbon dicazhoxyhc acids and feme, ferrous magnesium and manganese ions 
stimulated phage production Glycine and glycine anhydride were particolarly 
effective in this respect, inducing a marked increase in phage in the ab«eDpe of 
bactenal multiphcatioii The production of phage was even greater if the organisms 
were exposed to the glycine anhydride for several hours before the addition of 
the infecting dose of phage, suggesting that m the interval the cells either had 
adapted themselves to a more rapid glycme metabolism, or had budt up reserves 
of a phage precursor It appears that certain fundamental metabolic processes 
m the cell are required for phage moltiphcation but not necessarily all the processes 
that lead to cell multiplication The specificity of some of these pr^esses is lUi^ 
trated by the fact that the action of glyciue was specificaBy inhibited by the 
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addition of Its sulphone dernatires, anuno-metbane sulphoiuc acid, and that the 
inlubiting action <]isph}e<l by sulphanilaniide waa antagonized by p-atainobeozotc 
acid (see Chapter 6) 

The Factors tbat Setenume Phase Specificity 

It has been well established, from the earliest days of bacteriophage stody, 
that any gnen strain of phage baa a relatively limited range of activity A coli 
phage, for instance, will not act on a staphylococcus, or on a diphtheria bacillus 
It was soon found, however, that phage specificity, while varying widely in range 
with different strains of phage, might be much narrower than this A coli phage 
wonid act on some strains of Baet cofi, bnt not on others, and so on The obvious 
assumption was that different strains of the same bactcnal species differed in 
" phage sensitiv ity," but no attempt was made by the earlier wortcis to detcimine 
on what factors this sensitivity depended A very significant sdvance in oar 
knowledge of this problem has been made by the studies of Burnet and his 
colleagues 

In a study of the activity of difierent stnuna of phage on the species and tvpes included 
within the SalmontJla group of bactena. it was found (Biimet 1927} tbat there was a 
close relation between the seneiuveness of different bacterial species, or types, to aparticuLir 
phage, and the distribution of particular surface somatic antigens. Thus, a particular 
phage aas active agninst 5<ifm fypht. Satm entfnltdis and Solm puUorvm, all of which 
possess the somatic antigen IX. but waa inactive agninst Snlm peraljpfn A and Salm. 
eholtnt'iuu which do not poaecss this antigen If, however, the normal smooth strains 
of these species were replaced by tbeirrongh variants in which the smooth somatic antigens 
are lost, their placn being taken by a common tough somatic antigen, then a phage that 
attacked one rough vurunt would attack all tbs othm Some phages were fonnd to attack 
only the normal smooth forms, thew range of activily then being determined by the dis- 
tribution of the vinous smooth somatic antigens Other phages attacked on|y rough 
forma. A few phages were able to attack both rough and smooth forms (Bomet 
1929a) 

Further studv revealed similar correspondence between antigenic structure and srnsi 
tmty to -vaTwas yAiages Sdwnnlt noted that diffirent oC sahnoeveUa 

bacilli could l>c differentiated by tbeir sensitiveness to different selected phages Xn some 
cases the correspondenee is exact, in others less so Latelr it has proved pcsable to 
extend the range of phages specific for dilTeivnt antigenic varieties of certain bacterial 
species by adapting phages to antigenic types for which at fint they show little affinity 
For example, following the discovery that the action of certam phages on Saint 
depended on the presence of the Ti antigen of Felix and Pitt (1934) ('^ Sertio and ^nl 
gakov 193&1, Scholtcns 1936, 1937, Oaigie and Brandon 193Ca), C^gic and Ten (193S) 
wereabletodevelop phages with selective action against 11 different varieties of Xolm 
Tn a similar maxinfic Felix and Gallaw ^19431 weee able tnada^t natoroDy occacimg phages 
active against Vi forms of Snlm paralifpht B, and so extend the range of phages selective 
for different varieties of the bacilli. It will bo obvious that once the correspondfioee 
between a bacterial and phsge type is eatablished, bacterial strains may be identified 
and assigned to a given phage typo by tests with known etrains of phage 

In many cases, a group of bacteria, honn^neous by serological tests, poves on phage 
testing to consist of a number of stable sub types The recognition of these sub type*, 
as Craigie and Yen first demonstrated, adds greatly to the precision of hactenologieal 
surveys for epidemiolc^ical purposes (See also Heliner, Kerr, Dolman and P,aiita 1910, 
Lazarus 1940. 1941. Dolman, Kerr andHehner 1941, Desranleau 1942, Hutchinson 1943, 
Felix 1943 ) 

There are a number of bacterial species m which the relationship of antigenic structure 
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and phage sensitiveness has been recorded , m the Fleiner group of dysentery baciIU 
(Burnet and SlcKic 10306, CLinherg and Marcuse 1932 Radojjig 1036 Miller 1037, 1\ heeler 
and Burgdorf 1941) , among rough and smooth dysentery strains (Denja 1932) among 
vananta of a Hnct coli strain (Sertic and Boulgahoy 1937) , among rough and smooth 
strains of V cholera (Asheshov ei ol 1930 19336), m Salm jmmlifpAt C (ehdens suw) 
(Lenno and I>isch 1936 Frweh and Levine 1936) , m Group A streptococci (Evans 1936 
lOiO, Evans and Verder 1338 Evans and Soctnder 1942), among certain sero 
logical types of C diphthtna (Keogh Simmons and Anderson 1938) , in Slaph aureus 
(Bumet and JIcKie 1929 l\'ilhams and Tunmins 1938 Fi^k 1942<j 6) and in mucoid 
strains of Bact coli Bad atrosenes and Bad frttdlandert (RaVieten, Eggerth and Pajaeten 
1940) 

Jt should be noted that these varieties of antigens and eombmations of antigens associ 
ated mth the specifieitj of phages are soomtic antigens Sertic and Boulgakov (19366) 
however, record a phage which acted only on flageUated forms of Salm Ijphi 

The mtimate relationship between pEi^e eenaiUvity and the nature of the surface 
bacterial antigens has been confimed by observing the effects on phage Ijiis of different 
bacterial extracts Levine and Fnsch (1934) tested the fractions obtained by aleohohe 
prrcipitabon of sahne extracts prepared from bacteria of the SaJmoneHa and Shv/eSa 
groups and found that they specifically uthibiCcd the lysis of the homologous organisms 
by phage Gough and Bumet ( 1934), working with more highly purified fractions record 
itmilat results The fractions obtainedm thw way were known to consist mainly of the 
specific polysaccharide somatic antigens Still further confirmation has been obtained bv 
the demonstration by Levine and his colleagues (Levine Fnsch and Cohen 1934 Levine 
and Frisch 193S) that hcatLiUcd bacteria of the BolmonePa group absorb phages 
sjwcifieally, in general accordance with tbeir aotigeaio structure as revealed by agglu 
tiaatioo teste 

IVorkittg with staphylococcal phage KaLielen, Rakietcn and Boff (1936) demonstrated 
that aatolyaates of sensitive sCaphy tococci inhibited phage action hut those of resistant 
COCCI did not the same specificity was dtspUyed by heat killed staphylococci Freeman 
(1937) found that crude preparations of the specific polysaccharide of a Staph nureus 
strain inactivated a phage to which it was sensitive (see also Bumet and Freeman 1937) 
The rates of inactivation of a phage bv culture filtrates are not compatible with the Mew 
that total inactivation follows simply from combuiatSona of phage and mbibitoiy sub 
e}«n«w (FUrt and Sptzizen I&ii), there appefv lo be t wo fompeling proreasea, tine pro 
ducing inactivated the other partly mactiratcd phage and full inactivation » achieved 
only by circumstances favounng one process «t the expense of the other (see below Phage 
Antiphftge Reaction) 


There can, then, be no doubt at all that tie antigenic structure of the bactcnal 
surface is one of the main factore in determimcg the accessibility of the bacterial 
cell to a given strain of phage , and we must suppose the phage particles to be 
so ccBstttst’sd that those of one stnao can find attachment, or entry, only at an 
area of bacterial surface that is cbaracterized by a particular antigenic structure, 
while those of another strain have wider poteatiaitiia and are able to attack a 
bacterium through more than one type of antigenic surface 

It should, however, be emphasized that this is not the only factor that determines 
phage sensitivity, or, at least, that there is not complete parallelism between 
sensitivity and antigenic structure as revealed by the available serological tests 
Barnet (19296) for instance notes that a phage resistant strain, appearing as 
the result of the lytic action of a particuUrphageoaa particular sensitive bactenuro 
may show exactly the same antigenic structrue, as revealed by serological tests 
as the sensitive strain from which it was derived He notes further that the res^tant 
strain not only shows no lysis, but fads to adsorb the phage , so that some change 
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m surface «fnicture would appear to be concerned, though it h not detectable by 
the ordinary serological methods. 

The Vanationa Indnced in Bactem in Rnponse to Phage Lysis. 

In an earlier section of this chapter, it was noted that a secondary bacterial 
growth nsuallj appears in a culture that has undergone phage Ipis. If this growth 
13 further examined, it will be found to be composed of bactena that are re«i3tant 
to the strain of phage that caused the hsis, though thej will usually be sensitne 
to other strains of phage 

Sometimes the®e resistant strains rfiow a well marked antigenic difference from 
the onginal sensitise strain , for instance, the lysis of a smooth strain of a drsentery 
bacillus by an anti smooth phage is frequentW followed by the appearance of 
charactensticallj rough resistant rananta. But, aj we hsi e seen, ie<utant strains 
are not always of a recognizably different antigenic type from the onginal sensitive 
strain , and, in the great majonty of cases, we have at pre«ent no evidence as to 
whether the change in phage sensitivity has, or has not, been accompanied by a 
change in antigenic structure AVhat we do know 13 that submission to the action 
of a phage is one of the most potent methods of inducing bacterial vanabon f^ee 
Arkwright 1924, Hadley 1927, 1923), that the variants so produced may be of manv 
different kinds, that they share the character of resistance to the phage that induced 
the vanatiQQ, and that some at least of them differ antigemcally from the parent 
strain 

The kind of ^aTlat^otl induced » not necessarily «iDnlaT to t&iialions which, 
like tho«e noted 10 Chapter 9, occur m other circumstances These latter %ana 
Vions may be indeed inbbited by the presence of phage For instance, Lewis 
and orley (1936) noted that spontaneous dissociation of B mf^lhenum occurred 
much IcM promptly 10 the presence of phage than id its ab«eDce 

Itls clear that the existence of phage resistant strains of bactena, and the possi* 
bility of producing them at will, afford a method of studying m greater detail the 
phages acting on single bactena! species 

Bail (1023) was the fiivt to stress the iinportance of cross resistance tats between 
diSerent phages amt diffennt haeteiiat stmna as a methed of phase differentiation . and 
many others hare since employed this metbod in the Study of phages actmg on particular 
grouiw or spews of bactena such oa the Sofinoneflit eroup (Bonwt lO^Oh), the SKig^Oa 
group (Barnet and Sfchic 19306, Mortwn 1932). a the cholera Tibnos (Ashesbor ti cl 
1930, 19334, blonson 1932) Ifany of these etodies. however, were concerned with differ 
ences in phage sensitivity between diffeient bactena] species or types, os well as between 
different variants denved bv phage action from a single bacterial strain. It is with 
d ifferences of the latter type, and their apphcation as a method of separating and idee tifnog 
different phages that arc active against a etngle bacterial species or type, that we are here 
concerned. This method has b«n very extensively developed by Asheshov and his 
colleagues, and we may take an lUnstrative example of an expenment performed according 
to their technique (Aaheshov <1 al 19336) 

Suppose that we have three strains of phage, all acting on the same strain of a given 
bacteniuD, but which wo suspect, for one reason or another, to belong to different types- 
W e allow each of the three phages, which we may label I, II and IH, and a mixture of them 
(I n HI), to act on four separate roltures of our sensitive baetennm growing in a fluid 
medium W e allow lyais to occur, and a secondary growth of resistant bactena to follow 

It, We takea largeagarplate, and mark itoffmtolG BqnaTes{4 X 4) Over eadi square 

m the first column of 4 squares we make a thick seeding finm the secondary growth 
from our Type 1 phage, over each square in tiie second column w© seed the secondary 
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prowlh from our Tyi*o II phagr, 

OTM the sfju&rM in the tiurd column 
llie rccondary growth from our 
ni phagp, and oxer the aquare* 
in the fourth and Hat cotumn 
the secondary growth from the 
culture containing all three pliages 
Then wo take a filtrate containiBg 
Type I phage, and spread a small 
drop of jt over a circular area jn the 
middle of the top square of each 
column (i < of each aquaro of the 
frst row) In each square of tho 
second row we make a aimdar in 
oeuUtion of Type II phage. In each 
square of the tlnrd row an inocula 
lir>n of Typo III phage, and in each 
square of the fourth and iMt row an 
moeulstion of phages I, It and Ilf 

If tho phages actually belong 
fo difTerent t>'pe«, as jud^,^ by this 
test, the results will bo as shown m 
Fig M. in which the dark circles 
Indimto the occurrenro of conQuent Jysw over the circular orw> moeiiLited nith the 
phagr 

It mil bo noted thst I'liage I acts on (ho secondary growth from Dhajca If and Ilf 
hut not on the secondary growth from Fliago I and so on None of the three phages 
acta on the eeeondary growth from the culturosubmittolto tiiosctioiiof all three phages 
Tho mlstim of thrw phages acts on the secondary growth from each of tho three separate 
phages. 

If we desire to lest another plwge, to see whether or not it u identical with any of our 
three Type* J, II, or III. we include it in such a series of tests, adding the additional row 
and column to our squares If it is identical with any of our three types it will behave 
as (hat typo tfoec Iftei**n«irtj^{MyTypa ItVtAen rt wtUtyso tie secondary growths 
from Tripes T, If and Ilf and its own secondary growth will be lysed by each of these 
tvpes, 

Thu leads us to a consideration of other ways in which phages may be 
differentiated from one another One of Ibcsc is the method of antigemo analysis, 
which has been so extensjacly employed in the identification and classification 
of bacteria 

Phages as Anligeos The Phnge-Anlipbage Reaction. 

It was shown by Bordet and Cmca (1921) that the phage is antigenic and that 
an antipfaoge sernm has the power of neotraliang the phage and so preventing its 
lytic action on bactena Numerous workers have since studied this phenomenon, 
and It has been clearly shmvn ja) that the inhibition of phage lysis is due to anti 
Iiodies acting on the phage itself, and not to the nntihactenal antibodies that are 
usually present in an autipliage wfuin, 0) that the antibodies are specific for 
particular types of phage, phages thus showing an antigenic specificity of exactly 
the same kind as that displayed by bacteria, but (c) that the antibodies have no 
action on the bactena from which tho phage arose , that is, phage and bactenal 
host are serologically distinct Jinny of tho papers already referred to contain 
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references to the antigenic behaviour of the phages studied, as well as to their 
other properties 

The studies of Burnet and his colleagues clearly show the close analogy of the 
serological reactions of phage with those of bacteria Bacteria which ha\e b<»en 
allowed to adsorb large amounts of a partumlar phage, will absorb the antibody 
from a homologous specific antipbage senun, from which all antibodies acting on 
the bacteria themselves have been remo\ cd The treated bactena are agglutinated 
by the antiphage serum (Burnet ld33c) 

Filtrates from phage preparations contain soluble substances that inhibit the 
reaction of the phage with its antibody and wiH to some estent reverse a plage 
antibody union that has already taken place (Burnet 1933d, Burnet et al 1937) 
The in^bitorj substance here is analogous with the specific soluble substance 
that charactemca many species and types of bactena Suspensions of large- 
particle pbages free from bactena and bacterial debns are agglutmahle by antiphase 
sera (Burnet 1933c, Merrill 1936) and the apglntinsting power of the serum for 
\anous related phages runs parallel with its power of pbage-neutralization 

The cjuantilative rclatiuna between a phage and its homologous ncutrahzmg fcrusn 
n ere first studied in detail bv Androwrsancl Elfonl ()033a 6} who fotisd that, orera con 
sidenhk range of phage dilutions, a given amount of antiserum neutrahzed a constant 
percentage of the phage present inwppetive of the number of phage particles erprsed 
to ita action (see al-o Chiton Mueller and Uogera 19So) This tertaudy indicates that 
the particles arc inactivated mdindustly sod not br aggregation , for if aegregattoQ was 
tffectiTe in reducing the phage-coant m the aerum phage mixture we should expect a 
greater percentage drop in the count as the concentration of phage and therefore the 
Lkelihond of coUuiona of sensitized phage particles. increaMd The rmlta suggest also 
that as we hare aceu in other antigen antibods systems (Chapter 7) the phage or the 
antibody or both may be heterogencoos and that in any phsge preparation a certain 
percentage of (be particles either unite feebly with antibody, or are u some way ums* 
ccpuble to inactivation after onion (see also Kalmanson and Branfenbrenner 1942) The 
validity of these inteqiretations u queetraned by Her>bey and his colleagues (1943, 1944} 
on the grounds that there » Lttle direct, uidepeodeot endenco of heterogeneity of either 
antibody or phage They have observed two types of antibody effect m a coh phage 
Thus with a given amount of homologous anUserusi the phage was sensitized, and its 
infectinty therely increased, with double this amount the phage wsa neutralized sod 
became non infective The variations id activity displayed by phage-antisemm mi r tu rea 
mar therefore be interpreted in terms of a homogeneous phage varying proportions of 
which are unaltered increased in infeclmty or decreased m infectiTity, according to the 
degree of union with an essentially homogeneoas antibody 

Though there are obnons parallels between inactivation of phage by ad«orpljon to 
bacterial extracts, and by antiphage sera it does not appear that the two inactivators 
unite with the same part of the phage particle (Buiuei and Tieeman 1937. Burnet H al 
1037) for antigcnicolly similar phages lyse antigeoically unrelated bactena, and phages for 
antigenicahv similar bactena may themselves be ontigemcally unrelated- Moreover by 
adaptation the affinity of a phage for a bactenum may be profoundly modffied without 
any alteration m antigenic quahty Isevertheless, the active sites of onion of antibody 
and bacterial inactivator appear to be close together on the phage particle for umon with 
antibody blocks niuon with bacterial inactivator, though in some cases the phage is only 
partly neutralized by the antibody producing ly”ia on the prepared pLate after a deby 
which may represent the lime required for » freeing or a redislnbution of the antibody 
on the phage particle making the boctenal receptor again accessible The vanalion 
observed m the degree of neutralization and in the rale of the phage antibody reaction 
with temperature (Herahey 1941) euggesfa that the surface of the phage particle 
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TOtipa in rciictiTity, so that not all coOisKHia of sntibodj and phage lo the neutralisation 
miitures are fruitful (Kalmanson, Hershej and Bronfenbrenner 1912) Even with fully 
neutralized phage, there is no cvidenco that nnion of antibody -n ith phage alters it per 
jiMW-ntly, even after prolonged eoatact (hsimaasaa Ffersliey and Bronfenbrenner IS42} 
After 6G days’ contact mlh antibody at 37*0, Kalmansoa and Bronfenbrenner (1943) 
were able to reactiv^ato a just neutrabzed phage by digesting the mactiTe phage mth 
papain Tlio digestion apparcntlj removed onlv a portion of the combined antibody 
molecules but in doing so made the bacterial receptors fully accessible 

The relations of inactivation by antisera and by bacterial antigens are 
summanzed m Pig D 1, which is tnodiiicd from a scheme deviled by Delbruck (1942) 


Ur vcno'« Kesolt 

B + P— V-BP Adsorption of phage to bacteria lygs 

b + B — ► hr Adsotpl on of phage to Iteo bactenal antigen Inactivation of phage 

bl* + B bo lysiB or delayed ly* a according to degree of phage mactivat on 

B 4- /I Antigen antiboiiy union agglutination of bacter a 

b -f ^ Antigen antibody union preciptalion of bacter ai ant gen 
r+ ir-~>lV Ant gen antibody union uiactirationof phage (agglutmotion of large 
particle phages) 

1« + B bo Ij^sis or delayc I lysis according to degree of phage inactivation 

1 * + b No adsorption of phago to free bacUnal antigen 

JW + « Bl?’i Antigin antibody union, nggWtinMion of phage coated bactena by 
antipbago scrum 

Km 6t Tb« nuctioiu of phage msctivation by bnctenal afttigen* and tpeeido 
ant pi oge acra 

B *> bAcUnum 

b M antigenic component of bicterium aasociated nilb speeiBc adsoiptioa of phage 
a antibixly to b 
V a pbsM uith afUnity for B 
ir « antibody to P 

Other methods o! Fbage DiBereatiatioo. aod the Ideatiflcatioa and Classification ol 
Phages 

The phage plaques that have so frequently been referred to in preceding sections 
hate characters that arc of great valoe m the diffeientiatioa of one phage from 
another For any one phage, actmg on any one sensitive bacterium the plaques 
formed on an agat plate are usually closely eimdac, both in size and in form. But 
different phages acting on the same bacterium may give plaques that differ sharply 
and characteristically from one another 

To take first the character of plaqne arc the existence of large plaque forming 
phages and small plaque forming phages has long been recognized and used as a 
basis for differentiation (see Bad 1923) Elfoid and Andrewes (1932) were able 
to show that there is an inverse idation between plaque size and phage size The 
small phages give big plaques and vice mso It is an obvious assumption that the 
small phages can diffuse more readily throt^h the surface bacterial growth, and so 
extend over a larger radius The probabili^ of this assumption is mcreased by 
the demonstration by Andrewes and Elford (1933i) that a large plaque forming 
phage incompletely neutralized by sn antijdiage serum and probably aggregated 
into'" small clumps, gives small instead of large plaques 

But size 13 not the only qbaxactet that differentiates one phage plaque from 
another, there are often marked diffieaenccs in the edga of the circular cleanngs 
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The«e may be entire or eroded sharp or beyelled. They mav, or mar not be 
sorroanded by a halo lo which the bactemi growth la altcrrf in appearance, thont^ 
not completely Iy«od Phage ptaquea, indeed, pre«ent aanations m morphology 
aa distmctire as tho«e shown by bacterial colome«, and have tic same clasn^to-y 
value Ashe<ihov (1921) («« aho 
Asheshov el al 1933i) has paid 
partienlar attention to these ditTer 
en^ in plaque morpholr^, aud 
Fig 55 illustrates the differences 
tn «ise and form, that may be 
observed among the plaques pro 
duced by different phages actins 
on the eame strain of a scnsitne 
bactenum. 

If, then, we •ecL to classify any 
particular group of phage stiams, 
we can make use of the followmz 
«encs of te«t8 

(A) The determination of th» 
•peoes of bacteria against which 
each phage is active This will 
enable ns to differentiate broad 
groups — coh phages, dysentery 
phares, salmonella phase*, etaphyl* 
ococca) phages, cholera phages, and 
so on 

(B) Bv more detailed tests of cross resistance we can subditide the*e broad 
groups, each into a number of different types — so many different types of dysentery 
phage, <10 many of cholera phage, and «o oa- 

(C) e can applv to the same problem of the subdivision of our broad groups 
the method of antigenic analvns, nnng specific antiphagc «ef3 

(D) 'We can stndv the sire and morphology of the plaques formed, and divide 
ourongina] groups ofphagesmtolarge-plaqne-formmg strains, »inall plaque-forming 
strains, and so on 

(E) We can also apply certain other biological tc«ts, «uch as relative resistance 
to heat, or to the photodynamic action of methylene blue, or to the presence of 
citrate m a medium. 

When, in fact, wc apply several of the*e tests, our confidence m each of them is 
increased by findmg that the re«alts they give are highly correlated The cl3«sifica 
tion derived from detailed resi*tancc tests corre'ponds closelv with that derived 
from neutralization tests with antipbage sera. The phages produemg a particular 
type of plaque when acting on a particular sensitive bactenum, are nsuaOv 
found to fall into the same antigeinc group An admirable senes of studies in 
which this correlation is brought out \erv clearly have been recorded by Bamet 
(1933>i b) and other evidence all pointing id the same direction, will be found in 
the studies of •V'he'hov and his colleagues (1^30 193^), m pipers bv Sertic 
and Boolgakov (1935a 6) and m many of the other records referred to above The 
correspondence IS not of cour«e, absolute Just as some groups of bacterial strains 
would be divided mto the same species or types, whether classified on the baas of 



Fic &S 

DifTeieat (rpe* of pUqoe produced br different 
ntuges Acting on tb« sasie bacterul coltnre 



THE ECOLOar OF PUAGES 


345 


fermentation tests or antigemc stractnre, wide other groups that are identical in 
regard to their fermentation reactions may be dmded into different types on 
the basis of serological tests so one particular method of analj^ may sene 
to separate strains of phage that would be grouped together when tested by 
another But eorrelation of characters is as freqaent among the phages as it is 
among the bactena, and leaves no reasonable doubt that, by makmg full use of the 
methods now at our disposal, we can separate and identify phage types that have 
just as much claim to be regarded as biolt^cal entities as have the % arious species 
or types of bactena 

Vanahon and Adaptation m Fbages 

The literature contiins very numerous records of phage variation and phage 
adaptation D Herelle, as has beennoted regards the phage as a smgle virus that 
may become adapted to attach, a wide vatiely of bactenal species Many of the 
earlier accounts of adaptation mu^t be discounted because tbe technique adopted 
did not ensure tbe punty of the ongmal filtrates There are on the other hand 
numerous observations which show quite clearly that adaptation occurs though 
its range is probably mote limited than was at one tune supposed Here again 
the evidence suggests that the phage behaves m the same way as other known 
micro organisms 

We may note., for example, that d Herelle and Bakieten adapted a 

staphylococous bacteriophage, initially sensitive to neutralisation by aotiphago 
serum, to lyse cocci m tbe presence of high serum conceotratioiis Burnet and 
Lush (1936) observed a mutant from a Slaj>h albug phage The two varieties 
were nmilai, both serologically and by cross teste on resistant eumvora (see pre 
ceding section), though one had less lytic power than the other But m one case 
the resistant strain was lysogenic and in tbe other, not , and infection of a culture 
with the weak vanant protected it against lyais by the strong variant. 


The Ecology of Fbages 

The problem of phage ecology raises pouts of the greatest biological interest 
and importance We have already noted that pbages acting on one or other of 
the normal or pathogenic intestinal bactena can almost always be isolated from 
faeces, from sewage or from polluted water supplies (see for instance, Sonnenschem 
1927, Stewart and Ghosal 1931, GJdcmeister and Watanabe 1931 Schlossmann 
1932, von Vagedes and Gildemeister 1931, De and Paul 1910, de Assump^So and 
Leite e Silva 1942 Guehn 1943} Tlus clearly suggests that wherever particular 
species of bactena occur in nature, there also are hJcely to be found phages to 
which these hactena are sensitive But that is merely the first, and least intereatmg 
step in the problem. 

Just as it was tacitly assumed, in the earticst days of medical bactenology, that 
a pathogenic bactenum, when it became parasitic on its natural host would always, 
or almost always cause the specific disease of which it was the caassl agent, so it 
was assumed m the early days of bacteriophage studies that a phsge, if it became 
attached to, and multiplied in association with, a particular bactenum would cause 
phave lysis ’ The conception of phage camera among bactena, or of a norowJ phage 
fiora living symbiotically with certain bactenal epectes, came relatively late 


The demonstration that a phage active against a particular speties of bactenum 
could sometimes be isoUted from an old laboratory culture of tUt by rcpcaUd 

filtrabou and the addition of eachsueceeatve filtrate to a fresh broth cuiture of the bactcfinn 
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in qaestion (GildemeisW and Herzberg 1923, Kattner 1923, Kline 1937, Hadley 19^ 
Fulroda 1928,KLcneberger 1932) was at first regarded as a powerful aignment against the 
virus theory, and In tavoui of the view that phi^ was a product, enzyuao or other, 
of the bacteria themscim. It was indeed the fhiliire of many workers to confirm these 
findings (Ogata 1924, Beicbert 1924 Meissner 1924a, Arkwright 1924, Sonnenschem 1927) 
rather than any realization that they were qoite compatible with the nms theory, that 
deprived them of mncb of their force It is quite probable (see Barnet 1934) that aoire, 
at least, of the positive findings were doe to techBKal errors. Bat la the bgbt of our prwent 
knowledge it would bo by no means saiprumg if many of them were correct. 

Our present conception of the real natore of phage-bactenum parasitism has 
been determined largely by the proved existence of what are known as “ lyvgcnic 
stnms ” of bnetena 

The classical examples of these ly>?ogenic strains are the Bad «»?i strain, which 
was fiiat described by Lisbonne and Cancra (1922) and later studied by Bordet 
and Kenaux (1929), and another Hoct colt strain which was studied by Gildcmeidcr 
and Herzberg (1924a} Both these stniiiu, although they themselves show no 
evidence of phage lysis, regularly yield filtrates which lyse SK thtga, \ t thev are 
permanent earners of a phage to which they are themselves resistant, but to which 
Sh th\g<g 13 sensitive 

Such strains were, for a time regarded as bactenological anomalies, but such 
a new is no longer tenable. Here, again, our present concepts have been la^v 
inflnenced by the studies of Barnet (1932, 1931) 

In a careful study of 31 strains of Sofm ralmiwfu be found that 27 were Ivngeme, in 
the aease that they yielded a phage to which they wera themselves mutant, but which 
produced transoussible lysu to other, socially susceptible bacteria) strains. From these 
27 lysogetue strains three difiereut types of phsge were obtained A, B, and J> , fourteen 
strains yielded phage B, seven phage D, two A and B, and one A snd B Bhage A was also 
frequently isolated fram lysogenic strauvs of Saltn pnratypAi A, 5alm paratypKi B and 
SoJm typhi munum while phages B and D and another phage X were sometimes present 
m stnuns belonging to these epe oc s. Such results as these, as Barnet pomts out, are 
mcompatiblo with the view that the lytic agent m these lysogemc strains u some com 
ponent of the genetic apparatus of the bacterial celL 

In the case of Salm paratyphi C, on the other hand all strains examined, whether 
they had been isolated in Russia, South America, or the Cast Indies, were found to be 
carrying a single antigenic type of ph^e A aiimlaT slate of affairs may, as Burnet points 
out exist tn the case of C cfipAtAmm, siooo Smith and Jordan (1931) foand that everr 
stram examined was lysogenic when tested against s single sensitive indicator strain of 
the same species. The occasional oococTente of mbbled ’ colonies that have been noted 
by many workers in certain bacterial cultures represent, in Burnet s view, lysogemc strains 
m which the resistance of the carryu^ bactenom is sbghtly oostahle 

We must, then, if we are toaccept the rima hjpothcssis, to which all other evidence 
clearly pomts, ah'o accept the view that 8ymbio«is between phage and bactenum is 
an exceedingly common e% ent so common that it would at the moment be unwise 
to assert that any bactenal Ftrain was certainly not carrying phage 

What place this symbiotic process will eventually take id out conceptions of 
bactenal structure bactenal variation, antigemc behaviour, and other similar 
problems we cannot yet ptophesv It may be a relifirely minor one , but it 
may not 

(For some of the methods of unmaskinglysogenic strains, «eeFlu 193i^, Lominsa 
1938, Fisk 1942a) 
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Wc may note heje one of tbe few instances oi a geographical distribution of 
a phage White (1937), examining a nnmber of stiams of 7 chdUrce. found a 
certain phage in all strains isolated mlndia, tut id none of sei eral strains of Chineje 
or Japanese origin 

Tn the earner state represented by a lysogenic strain (see Burnet 1934) it is 
cleat that the multiplication of phage and bacterium must be so co ordinated that, 
when a bactenuia divides, each daoghter cell receives its quota of phage It has 
in fact been shown (den Dooren de Jong 1931, Cowles 1931) that when a lysogenic 
strain is a spore beater, the phage is present in the spore and in the new generations 
that arise from it It is also noteworthy that in such strains the phage BjJpears 
to share the heat resistance of the host, being relatively resistant m the spore, 
and susceptible when in the vegetative cell Wollman and WoIIman (1939) 
regard this fact as strong evidence fat the bacterial origin of phage 

One other aspect of the ecology of phages must he mentioned, namely, tbe 
animal origin of phage Certain workers concluded that the passage of various 
bacteria through the intestinal tract of warm blooded animals results in the 
appearance of phages not previously present either m the animal's mtestme or in the 
cultures admimstercd Neither Naito (1936), who worked with hens reared from the 
egg on sterile diets, not Glaser (1938), who used aseptically reared flies, could find 
support for this notion Tbe recorded cases appear to have been due to insufficiently 
8eii.«itia e mcthodsXor dctectiug phage. Obashi (1939) for jn'itancc, obtained phage 
more easily from tbe voscera than from tbe fanres or intestinal mucosa of mice 
The possible lelatiou of phages to bacteria) infections in man and animals is 
considered m Chapter 54 
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PART II 

SYSTEMATIC BACTERIOLOGY 

CHAp5pER 12 

THE METHODS OF OBTAINTNG PURE CULTURES AND THE 
IDENTIFICATION OF BACTERU 

Methods o? Obtais-ino Poke Cdetures or Bacteria 
0’»B of th« first essentials m the study of bacteriology is the preparation and 
mamteiianco of pure cultures of bactena Neglect of this leads loevitsbly to 
confusion Dunog the sixties and ‘et-enties of last century, micro o^nisms were 
perforce cultiTsted in liquid media , and as the preparation of pure cultures m 
such media is often difficult and «ometimes impossible relatively little progress 
lu the identification of particular species was made m these years It was the 
introduction of solid media by Robert Koch in ISSl that rendered possible the 
easy separation of difietent organisms from one another in a mixed cnltuns, and 
provid^ a means for distinguishing macroscopically between different species of 
bactena Koch found that on a suitable solid medium, such as potato or gelatin, 
most organisms formed charactenstic colonics by which they could be readily 
identified , by inoculation of separate colonies into tubes of a liquid medium, 
pure cultures could be obtained These could again be streaked on to a solid 
medium, and if the resulting colonies were all of the same appearance, it might 
be concluded that the liquid coltoro probably contained only one species of 
bactenom This method — Koch's plating method — affords the simplest and most 
rapid means of separating one organism from another , we shall later describe it 
more fnlly 

We have now at our command numerous methods of purifying cultures Some 
are of limited utility, or are suited solely to certain orgam‘ims, others are of 
wider applicability Without discussing the technical details we shall gno a 
brief description of the pnnciples nuderlyiug the more important of these 
methods 

A. Ddnbon Method, — ^In pomt of time, this was the first method introduced 
for obtaining pare cultures of a bactenom, a method which we owe to Lister (1878)- 
The mixed culture is dilated with sterile tap water, or other suitable fluid, till ther 
13 only about one organism in every two drops of the nmtare A senes of tube 
contaimng broth is then seeded, each with one drop of the diluted culture If Ih 
ddutiou has been correctly gauged, there should be a growth m approxinfat^ 
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every alternate tube This method affords one no certainty that the' culture.* 
obtained are pure , further study must be undertaLeu to ascertain thw The 
objections to the method are that too much guess-work is involved in judging the 
correct dilution, and that several tubes of meditun are inevitably wasted It la 
useful, however, in a modified form m conjunction with the plating method That 
IS to say, when the culture is thick, it u wise to dilute it considerably before platinw 
out , m this way there is more likelihood of obtaimng single colonies from single 
oiganisms 

B. Eoch’s Plating Uethod. — Ongtn&Uy the solid medium used was spread out 
tn the melted state on microscopic elides and allowed to set , these were then 
streaked with a needle dipped in the culture, and incubated m a moist bell jat 
Later, large glass plates were used , these had to be specially levelled by means of 
adjustable screw supports, and covered wi^h a bell jar The method now employed 
is to pour the melted medium into Petn dishes , each of these is pronded with a 
cover, which protects the medium from contamination The plating method may 
be employed m one of two ways Either the cnltore material may be streaked 
DQ the surface of the sohd medium, or it may be mixed with the medium in the 
melted state, poured out mto Petn dishes, and allowed to set The former method 
results in a eu^ce growth, the Utter in a growth throughout the whole thickness 
of the medinm As a rule the former method u the more usefol In streabng 
the surface of the medium, a drop of the fluid culture may be placed in the centre 
of the dish and spread out in all directions by means of a stenle glass or metal red 
bent at a right angle This results in an even distnbnUoD of orgausms over the 
pUte If, however, single colonies are particoiarly desired — and this u osnal — 
it IS best to make a senes of streaks across the plate with a platinum loop dipped 
in the culture , the streaks should be about 10 nun apart, and may be crossed at 
right angles , the platinum loop should not be re-charged with culture during the 
process If preliminary dilution has not been performed, it is often adnsable to 
continue the streaking over a second or even a third plate without re-charging the 
loop On the first plate the growth may be entirely confluent , but on the second 
and third single colonies wUl generally be obtained These single colomes can 
then be examined with a hand lens, and picked off with a platinum needle into 
broth Except with certain organisms, single colonies obtained in this way, 
especially li the culture has been previously diluted, are generally denved from 
single o^nisms, and are hence pore The punty of colomes picked from over 
crowded plates is less certain In using the surface streak method it is important 
that the plates should be fairly dry , if there u a film of moisture on the medium — 
resulting partly from condeusationand partly from expression — organisms, partic 
ulaily if motile ate apt to form a co^ueut growth over the whole suiface This 
point mustbebonieiiimuid,espeaally when attempting to isolate anaerobic bacteria 
The*e organisms instead of growing up from the mediuto frequently spread in a 
thin layer over it , the edges of the colomes ace difficult to define, end if there is 
a film of moisture over the medium, they coalesce, thus rendering their isolation 
impossible The pour plate method is, in general, of less value , the deep colomes 
are not usually as characteristic as the surface colomes, and to pick them off involves 
stabbing the medium with a platinum wire — a process that tales longer than the 
simple one of surface pickmg In carrying out this method of plating, a tube con 
tatning 15 ml of the solid medinm is heated in water tiH the medium is melted , 
for gelatin a temperature of 30* C will suffice , for agar the water must be boiled. 
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The gelatin tube can be inoculated directly with a drop of the diluted culture , 
the agar tube should be cooled to 45*0 before inoculation The cultnie la then 
thoroughly mixed by rotation of the tube, and the mixture is poured out into a 
Petn dish and alloured to set GeJatm sets at about 25" C., agar at 38*0 In 
u-arna weather the gelatin plates should be set on ice 

C Shake-tube Sletbod. — This is used chiefly for anaerobes A test tube con- 
taimng about 15 ml of solid medium, generaUy made up with a reducing agent 
such as glucose, is heated till the medium is melted , a drop of culture is deliTered 
into the medium, which has been cooled to a suitable temperature, and thoroughly 
mixed by gentle shaking and rotation The medium is then allowed to set m the 
tube in a rertjeal position loeubatiou is earned out aerobically or anaerobicaOy 
The great ralae of this method is that it aJords a simple means 
of grading the oxygen pressure/in the medium , on thfi surface the 
pressure is atmospheric , at the bottom of the tube, particularly 
if a reducing agent has been added, tbe conditions are completely 
anaerobic Thus the aerobic bactena grow at or jn^t below the 
surface, the anaerobic bacteria grow near the bottom , and the 
facultative aerobes and anaerobes are distributed throughout the 
medium The single colonies, which appear, are often fairly 
characteristic To pick them off, the test tube is cut round with 
a diamond at tbe middle of the column of medium, the two 
hakes of the tube drawn apart, and tbe medium allowed to fall 
gently into a stenie Petn dish A stout platinum wire is then 
used to fish the colonies , it is stabbed into the medium over 
the particular colony desued, taking care that no other colony 
18 touched on the way , and as soon as it has come into contact 
with the colony, it is withdrawn and inoculated into broth Some- 
times it is advisable to cut the medium info pieces with a sterile 
scalpel before attempting to picL off tbe colomes This method 
was used at one time for purifying anaerobes , but now that the 
technique of obtaining anaerobiosis has improved, it has been 
largely replaced by the more reliable eurtace plating method In 
order to avoid breaking a test tube every time a colony ios to 
be picked off, it is better to use a VeiUon tube instead of the 
ordinary test'tobe This consists of a piece of glass tnbing, about 
I cm in diameter, and 8 or 10 inches long One end is fitted 
with a rubber cork, the other with a cotton wool plug The medium is poured 
into the tube till it teaches about half or two thuds of the way up Inocula 
tion IS performed in the usual way When it is desired to pick off a colony, 
the rubber cork and the woollen plug are removed, and the whole column of 
medium expelled by a stout glass rod into a Petn dish. The tubes and corks 
can be used over and over again 

D. Motility.— Vanoos methods have been devised for making use of motility 
to separate motile from non motile orgamsms Eovida’s (1925) tube, winch is 
a modification of that invented by Carnot and Gamier (1903), may be used for 
this purpose It consists of a large test-tube to tbe bottom of which is fused a 
glass tube of 7 internal diameter This inner tube has a constriction near 
the lower end, below which are three small hol« to afford a communication between 
the inside of tbe inner and the outer tubes Above the constriction there is a 
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plag of glass wool, which supports a layer of sand Broth is poured into both 
tubes till it reaches the same level. The mued culture is seed^ into the broth 
of the outer tube and the apparatus is put m the incubator The organisms 
that are motile will pass through the boles into the inner tube, grow up through 
the wool and sand, and produce a turbidity in the broth of the inner tube , from 
this they may be recovered in pure culture The non motQe organLJns temain 
confined to the broth of the outer tube An alternative method described by 
Ctaigie (1931) is now extensively used for the separation of motfle &om non 
motile organisms of the Salmondla group It consists of an ordinary test tube, 
6 X I in , contaiumg a piece of glass tubing 4 lo long, having the bottom cut 
off obhquely About 6-8 mL of mdted eezni-soUd (0-25 per cent.) nutnent a«ar 
ate pouted into the outer tube. After antoclaving the agar is cooled to 45* C., 
and the inner tube which projects above the level of the agar, is inoculated with 
the organism under test. If motile otgamsms are present, or appear as the r^ult 
of incubation they grow down the mner tube and up the outer tube, from the 
top of which they may be Eubcultnred in a day or two’s time (see also TuUoch 1939) 

£. Optimum Temperahire — It is sometimes possible to male use of the optimum 
temperature of growth of an o^amsm when it is desired to obtain it in pure coltuie, 
as for instance when one wants it to multiply freely in a nuxed culture The 
thetmopbihc bacteria may be separated from other orgamsms by incubatiug the 
medium at about 60* C , none of the ordinary bacteria will grow at thu tern 
perature so a pure growth of the thermophibc organisms is obtained. Again, 
certam bactena will not grow at 22* C , whereas others will If a mixtore of the 
two IS incubated at 22* C , only one will develop , this may (hen be picked 
off pure In this way A tatarrhaht may be operated from the meningococcus. 
In water analysis, when it is desired to know the numbers of potentially pathogenic 
bactena in a given sample, the cultures are incubated at 37* C , many of the 
saprophytic forms fail to grow at this (emperatore, and the resulting growth con* 
sists laigely of potential parasites 

F Aerobic and Anaerobic Incubation. — This is a simple method of separating 
aerobes from anaerobes Incubated aerobically, the stnet anaerobes will not 
grow, incubated anaerobically, the stnet aerobes will not grow And as most 
facultative anaerobes seldom grow as well under anaerobic as under aerobic condi 
tions anaerobic incubation favours tbe stnet anaerobes more than the facultative 

G Eeatmg — Heating a mixed culture at €0* C for 10 minutes will destroy all 
the vegetative non-sponng bsctena while leaving tbe sporeS unaffected. Thia 
method is largely nsed m the prehminaiy ponfication of the anaerobes. In the 
body, most of the organisms with which the anaerobes are bkelv to be contaminated 
are non sponng cocci and bacilli , all of these are destroyed at 80* C , and conse- 
quently the anaerobic organisms alone develop 

H Selective Bactencidal Substances — Certain substances with a genmcidal 
action are useful in destroying susceptible organisms, while leaving the more 
resistant unaffected One of the best examples of this method is the isolation of 
the tubercle bacillus from sputum by the use of anbfonmn Tubercle bacilli are 
very resistant to chemical disinfectants, even though they are easily lolled bv heat. 
If the sputum, which generally contains numerous other oiganisms, is treated with 
15 per cent antiformin (equal parts of 15 per cent JTaOHandLiq 5od*ch]onnal« 



FlLTRATlOy SELECTIVE AVD INmOATOR UEDXA 355 

BP), for a time varying from 5 to 60 minutes according to the thickness of the 
sputum, and mocolations are then made on to egg medium, the tubercle bacilli 
will develop in pure culture , mtbont the Botifomun they irould be overgrown 
m 24 hours or less Fifteen per cent sulphuric acid u often used for the same 
purpose Subcultures should be made at inters ols of from 5 to 20 minutes 

I Agglntinatmg Serum — If it is suspected that relatively few organisms of a 
particular species are present m a bacterial culture or suspension so that direct 
plating JB unlikely to prove saccesslnl, it is sometimes possible to concentrate them 
by adding a specific high titre agglntinating serum, incubating for 2 hours, and 
centrifuging The organisms, which arc dumped together, are easily thrown down 
and are present almost exclusively m the deposit Plates may then be streaked 
from this directly This method la sometimes of value in isolating the typhoid 
bacillus from water The same principle underlies the method of separatmg the 
phases of motile diphasic organisms of the Salmoulla group If, for example 
a Craigie tube (sec p 351), eontainuig semi solid agar to which a email quantity 
of agglutinating scrum acti\c against Phase 1 has been added is inoculated with 
the strain under test the Phase 1 organisms will bo agglutinated and rendered 
non motile, whereas the Phase 2 organisms will grow down the inner and up the 
outer tube, and be recoverable froni the eurfacc of tlie agir (»ee Tulloch 1939) 

J Filtration —This method may be n«ed to separate the Sltrable viiuses from 
the ordinary bacteria, or if a fairl) coarse candle is used, such as a Berkefeld N or 
^ , it may b« used to separate lery emaU bactena hke Bact jmeumosintu from 
larger organisms Ufany sp(ro<h3?te3 will also pa*:3 through Berkefeld filters this 
property is made use of in separatmg them from the bactena with which they are 
often contaminated 

K. Selective and Enrichment Media— For the uolation of special organisms 
from others that are likely to overgrow it m culture, it is common to add to the 
medium substances having either a stimulating effect on the orgamsm it is desired 
to cultivate or an inhibitory effect on those it is denned to suppress If the sub 
stance is added to a liquid medium the result is an absolute increase in the numbers 
of the special organism which becomes at the same time relatively more numerous 
to others than in the original material used for the inoculum Such a liquid 
medium is known as an enrtchjncnt medium If, on the other hand the substance 
IS added to a solid medium it acts selectively, enabling a greater proportion of the 
special organisms to form colonies than would otherwise have been possible Such 
a sohd medium is known as a telecine medium It is common to use the two 
types of media m conjunction, inoculating the material first into a liquid enrich 
ment medium so as to obtain a relative and absolute increase in the numbers of 
the special organism, and then plating the cuUuio on to a solid selective medium 
80 as to favour the development of colonies of the special organism at the expense 
of others It 13 important to realize that colonics on a selective medium are not 
necessarily pure At the base of tbe colony other organisms may be present 
which, though unable to develop on tbe adective medium itself, will nevertheless 
grow rapidly when transferred to a non selective medium. Thus fermentatioQ 
results may be misleading if tlie sugar tubea are inoculated directly from colonies 
on a selective medium It is therefore wise to re plate colonies from a selective 
medium on to a plain medium to ensure their punty before testing the biochemical 
antigenic or other properties of the OTganism under study 
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Blood, serum, and ascibc or bjdrocde fluid are sub«taace3 that are fiequently 
n«ed to stimulate the growth of certain organi-ms , glucose and other «ugar 3 , 
extracts of vegetable and animal tissues, and certain salts such as potassma 
mtrate, are bkewise used for the same purpose. On the other hand certam anilme 
dyes phenol, telluric acid, bile salts ®od namerous other substances are used 
for inbibitmg the growth of various organisms. Gentian violet, in a concea 
tration of about l-IO 000, «uppresses the growth of most Gram poatire organisms, 
while allowing most Gram negative organisms to develop Used at 1-500000 
it IS of value in separating streptococci from staphylococci smee the latter organ 
v«tns are inhibited by this concentration. Btflbant green is often used for pre- 
venting the growth of lactose-fermenting organisms in cultures from the stools. 
It IS added to the fascal suspension in broth in a concentration of about I-I50 000 , 
the culture is incubated and plated out on a ^mtable medium after IS to 21 hours, 
ilanv Gram negative bacteria are inhibited bv potas&ium tellunte in a concen 
tration of 1-SOOOO or more, whDe pcniciUm exercises an inhibitorv action mainlv 
on Gram positive bacteria (Fleming 1932) 

L. Indicator hledia. — The<e are media that contam an indicator which chances 
colour when a certain organism or gronp of orgam<ms develops Thus, if it u 
known that the o^ani<m which it is desired to cultivate produces H^S, lead acetate 
may be added to the medium , the colonies of the organism are coloured brown, 
owing to the production of lead sulphide, and can be readily picked oS for ides'i 
fleation. The diphtheria bacillus iwiaces «odinm tellunte, wbertas many of the 
organisms Lkely to be assooated with it in a throat swab do sot When tLs 
substance u added to the medium, the colonies of the diphtheria and of the diph 
theroid bacilli are coloured black, whereas those of the s^ptococci and sumeiocs 
other organisms are colourless Litmus and neutral red are two dyes that are 
frequently used to indicate the production of aad from some orbohnirate incor- 
porated to the medium. Colonies of organisms that ferment the sugar are coloured 
red owing to the production of aad. whereas those that do not do so take on the 
alkaline colour of the dye — blue and yellow respectively B*ood is a very useful 
indicator Some oiganisms produce no alteration in it others form from it a 
green pigment, while others Ivye it completely It is usually added to agar m a 
concentration of 5 per cent The colonies of the fir«t class leave the medium 
unchanged those of the second class are surrounded bv a greenish tmg , those 
of the third class by a perfecUy clear tran'^parent nng It u used particulailv m 
the diCerentiation of the streptococci 

Selective and indicator media are bequentlv combined Thus m MacConkey’s 
medium bile calts are added to inhibit the growth of organisms other than thise 
capable ofmnltiplymglreelTin tieintestmc, and lactose and neutral red are added 
to distmcuish the lactose-fermenting coliform organisms from the non lactose- 
fermenting group 

M Palhogematy Methods. — The introducbon of the pathi^maty method of 
•separating organisms from one another we owe to Koch (ISSO) Bv this means he 
succeeded m separating streptococci from Erynpejolhrvr tnunfepltea ^Vhtn the 
mixed culture was injected into the ear of a /e«ee mouse, Ery munsepfica proli- 
ferated invaded the blood stream, and could be obtained in pure culture from the 
heart e blood after death , the streptococcus proliferated locally bat did not invade 
the blood stream As it was mixed in the local lesion with Ery nur^septiea it 
could not be obtained in pure culture But Koch found that if the mixed culture 
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was injected into a feld mouse the etieptococci proliferated invaded the blood 
stream and caused death while Ery munsepliea did not grow at all , the strepto- 
coccus was therefore obtained in pure culture from the blood Tins principle 
la of wide spphcation It a used particularly to isolate organisms that are 
pathogenic to a certain laboratory animal from other closely similar organisms 
that are not pathogenic Thus B anthmets can easily be separated from 
B suhtilis or B megalherium by the injection of a mouse or a guinea pig 
It 13 also used to isolate pathogenic organisms which are not easy to grow in 
culture or which are readily over grown by contaminating organisms As 
examples we may quote the tubercle bacillus in pus or the pneumococcus in 
sputum The contaminating organisms ate rapidly killed m the ammal body 
whereas the pathogenic organism muliiphes and can be recovered in pure culture 
from the tissues 

K Single Cell Methods — The aim of these methods is to obtain a culture of a 
given organism from a single bacterial cell If this can be earned out successfully 
then the resultant culture must obviously bo pure If the technique for single 
cell isolation was simple and fiawfess this would he the ideal method for the pun 
fication of cultures in fact, however several of the methods advocated for this 
purpose 8u£er from optical or other defects which seriously detract from their 
value la Barbers (1903) method the culture la diluted and a senes of tiny 
droplets prepared These are placed oo the under surface of a cover slip form.ng 
the roof of a special chamber, and examined under the microscope When a drop 
la found containing only one organism it is picked oS with a special capillary 
pipette and transfened to a fluid medium This method has been widely used but 
it sufleia from the defect that m viewing a ephencal droplet the optical conditions 
are sach as to render accurate observation of particles at the water air interface 
very difScuIt oit impossible. Hence there is no absolute certainty that a single 
cell has been picked A method devised by TopJey Barnard and Wilson (1921) 
eliminates these particular optical defects A Joopful of a young gelatin culture 
at 37^ C u placed on a slide and covered with a quarts cover glass Under dark 
ground illumination a single orgamsm is picked out which is well removed from 
any other organisms and is covered with a minute droplet of mercury The 
preparation is exposed for a short time to ultra violet irradiation with the object 
of destroying all orgamsms except the single one that has been protected by the 
mercury droplet After incubation ovenught the preparation is ogam examined 
and if successful a colony will be observed at the site previously occupied by the 
protected orgamsm This can then be transferred to a liquid medium Adequate 
controls are necessary to prove that the irradiation was sufficient to kill all non 
protected orgam'uns. Several other methods have been described 


The loEimncaTiov or Micro oroakisms 

Having once obtained a pure culture o! a particular organism it is necessary 
to estabbsh its identity by an appropriate senea of tests This may require a few 
weeks or it may take several months to complete Jlany of the reactions may 
have to be tested three or four times to make sore of their consistency It is often 
desirable to prepare photographs recording the morphology and colonial appearances 
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on the most important media , these will be found of great value for future com 
panson For studying the properties of an organism the following scheme is 
suggested- 

A Morphology — Under this heading we include the shape and sire of the 
orgam«ni, its arrangement, motihty, the number and di'tnbntion of fiigella, the 
shape and situation of spores, and capsnle formation It is impossible to s*udy 
all the e properties on a single medium , motility for example should be looled for 
in a roung rapidly growing broth culture, preferably not more than 6 to S hours 
old , flagella are «ought for on a yoong agar culture , spores in a culture that has 
been growing for some days , capsules in a pathological ezudafo, and «o on The 
shape and «jze of the organi ma are subject to considerable variation, and it is 
important to gain some idea of the extent of this vanation "Vntb a few exceptions, 
«uch as the corynebactena, most organisms are larger in a young than m an old 
culture (Hennci 1926) Measurements, foreiamplc,o{ Safni /ypAi-munum in a4- 
honrs culture on agar showed that the average size was 2 3o x 0-T9 ft , in the 
same culture after 26 hours the sue was only 1 13 // X 0-49 ft In volume the 
organisms from the yonng cnlture were over five times that from the old On 
further incubation the average sue decrea'ed still more (Wiimn 1926) ^Then 
tahing measurements of a given strain it is therefore important to record the age of 
the culture from which they were taien Even m one and the «atre preparation 
the indmdnal organisms may vary considerably u sue and shape , this may be so 
marled as to justify the term ‘'pleomorphic** Thus coccoid, baciUary, and 
filamentous forms may all be present together , or besides the umal rods there 
may be clnb forms, navicular forma, granular forms, luge bloated forms, shadow 
forms, and so on Moreover, the appearance of the organisms is often considerably 
influenced by the type of medium on which they are grown Cham formation, for 
example, is more endent in Lquid media than on «olid. The typical morpholog'cal 
appearance of the diphtheria baciUos is seen best on LoeSer a senim , on agar the 
organisms tend to be more «obd and less grannlar The nature of the medium 
often inflnences the production of spores and of cap'ules. Some organisms, «uch 
as B anthracis, form spores readily in attifioaf culture, but never do *o m the 
animal body On the other band, capsnlesare quite frequently found in the body, 
but less often m artificial culture The arrangement of the oiganisma <hou!d be 
carefully studied if they are coca, thev may be arranged angly, in pairs, tetrads, 
packets, clusters or chains , if banUi, they may be arranged singly, m pairs end- 
to-end, m bundle"!, chains, cluster*, or in Chine'e-letter forms in which the in 
dividual bacilb be more or less at right angles to each other it vibnos they may 
be arranged *ingly, in S-forms, *enucircles, is wavy chams composed of S-fonna 
strung end to-end, or they may present the fi«h m ""tream appearance Though 
most organisms show two or three types of arrangement, it is usual for one of the<e 
to be predominant this comes to be regarded as the typical arrangement It 
cannot be emphasized too strongly that the morphology of bactena is "Tibject to 
vanation depending on the age of the culture, the nature of the medium, the 
particular stram i^ed, the temperature of incubation, and a number of other 
factors , the extent of this vanation can be learnt only by eipenence. 

B Stammg Eeactions — The morpholi^y of bactena may be studied m a 
hanging-drop preparation, by dark, groimd lUnminabon, or in stained films, Bv 
each of the'e methods different mformahon may be gamed Staining methods, 
m addition to revealing the morpholi^ of the organism, may tender evident 
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diQerencea in the chemical constitution of different organisms, or of different parts 
of the ^me organism. For studying the morphology, it is advisable to use a weak 
stain , othenriso so much dye may be absorbed as to alter the appearance of the 
organism Gram’s stain is of great value in that it serves to dmde all bacteria 
into one or other of two classes— the Gram positive and the Gram negative The 
Ziehl Neelsen method of staining is likewise of vafne, since it serves to distinguish 
the acid fast from the non acid fast bacilli htumerous other stains are used for 
special purfo«e«, such as the demon«tration of flagella, capsules, spores, and meta 
chromatic granules 

By a study of the morphology and the staining reactions, it is generally possible 
to identify the gronp to which a given organism belongs In certam instances 
when the origin of the organi«m is known it is possible to make a presumptive 
diagnosis of its actual identity , though it should be clearly understood that in 
medical bacteriology, a promsioBal identiScatioa of this kind is valid only if in 
consonance with a clmtcal diagnosis established on other grounds Thus acid fast 
bacilli m the cerebro-spinal floid of a pahent with clinical symptoms of meningitis 
may provxaionally be identified us tubercle baciUi , Gram negative diplococci m 
the pus of an infant with ophthalmia neonatomm are probably gonococci ■■ and 
Gram negatn e bipolar staimng ovoid bacilli in the gland juice from a patient with 
an iDguioal bubo, in an area where plague is prevalent, may provisionally be regarded 
as plague bacilU. As a rule, however, it is impossible to identify an orgamsm by 
morphology and staining alone 

C. Coltural Beacbou — Under this heading mu*t be included a study of the sur 
face, and often of the deep, colonies formed on solid media end of the type of growth 
m fluid media Nutrient agar is the usual indium on which colony formation 
IS studied but if the organism fails to grow on agar, then some other medium must 
be chosen The colonies are best examined after 21 hours incubation at 37“ G 
and again at intervals for a week In de^cnbing them, particular attention should 
be paid to their shape size, elevation struct&re colour transparency, surface, 
edge, consi«tency, and emulsifiabiLty , differentiation into central and penpheral 
areas should also be noted The type of growth foUowing a streak inoculation on 
an agar slope should be studied attention being paid particularly to the profuseness 
of growth, to the elevation colour, surface, and edge and to any change in the 
medium itself The type of growth m a gelatin stab culture should also be studied, 
and notes made of the degree and extent of the growth the presence of a surface 
growth, the presence or absence of liquefaction and if hqnefactjoii occurs of the 
particular type which it assumes (see Chapter 13) In any systematic examma 
tion, the growth should be studied on certain special media such as Loeffier a 
serum, glycerine potato, and coagulated egg 

The cultural reactions of the different groups of bactena are fairly distinctive 
and even withm a given group there may be differences between the members 
Some organisms moreover have a characteristic form of growth, which enables 
them to be distingoished from moiphcJogicaQy similat organisnis As a rule 
however, a study of the cultural reactions merely indicates the group to which a 
given organism belongs , it does not distmgmsh between the different members 
It serves to confirm the conclusions reached from the eiamination of the morphology 
and stauiing reactions 

D Resistance — Orgamams vary considerably in their resistance to inimical 
agencies Roughly speakmg, three classes may be distinguished 
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(1) The bactena that aie 6u<!ceptible to low degrees of heat, and low concen 
tratiODs cf chemical disinfectants , this class includes the non sponng bactena 
and the vegetative forms of the spore-beanng bactena They are destroyed by 
moist heat at 60° C in half an hour and by 1 per cent phenol within an hour 

(2) The bactena that arc susceptible to low degrees of heat but are resistant 
to low concentrations of disinfectants , this class includes the acid fast bactens, 
which are killed at 60° C in half an hour, but resist destruction by chemical agents 
in the cold often for Ee\ eral hours 

(3) The bacteria that are re*i<tant both to low degrees of heat and low 
concentrations of di'^infectaots , this class includes the eponng forms of the 
«pore-beanng bactena To kill them with certainty, steam under pressure at a 
temperature of 120° C for half an hour should be employed or high concentra 
tions of disinfectants, for example & per cent phenol, maintained for several 
hours 

A study of the resistance of a given bsctenum -will, as a rule, merely serve to 
confirm the conclu«ions already reached by the three previous methods of exam 
ination, but occasionally it is in it«elf of some diagnostic importance Thus certain 
of the non sponng vegetative bactena for example the enterococcus are not 
destroyed at 60° C in half an hour , they require a (empemture of 6o° C , 
this abnormal heat resistance is of value m differentiating this species of strepto- 
coccus from other species, which arc readily killed at the lower temperature 
Whenever an orgam<m is suspected of forming spores, the heat re<istance mart 
be tested, end not till the suspected spores have defimtely been found to be 
resistant to heat should the conclusioo be reached that they really are spores 
Many forms have been interpreted ta the past as being tme spores, which on 
8ab<eqoent examuiation hare been found to be devoid of tbecbsractenstio property 
of beat re«istance 

£ Metabohsm.— Under this heading is included a study o! the oxygen pressure 
required for growth the optimum temperature for growth, pigment formation, 
hiemolysm production, and the effect on growth of adding different substances to 
the medium It is usual to divide bactena into 3 classes according to their 
oxygen requirements (1) Strict aerobes the«e organi'ms will grow only in the 
presence of free oxygen. (2) Stmt anaerobes these wiU grow onlv in the ab«ence 
of free oxygen It must be noted however that growth will occur m the 
preoence of molecular oxygen provided the medium contains a reducing system 
capable of bnnging about a snfficienllj low 0-R potential {See Chapters 3 
and 36 ) (3) Facultative anaerobes these grow best under aerobic conditions, 
but are able to grow under anaerobic conditions. To these may be added a fourth 
class the microaerophiles compibing those organisms that grow be«t under a 
pressure of oxygen lower than that of the atmosphere According to their tem 
peratnie requirements bactena may be divided into (1) the mesophflie, which 
have an optimum temperature between 20° C and 40° C , and (2) the thermophilic 
which have an optimum temperature between 60° C and 70® C In medical 
bacteriology, the important distinction bes between those organisms that wM 
grow at room temperature as well as at 37* C , and those that 'rfl grow at 37° C. 
but not at room temperature The latter class include many of the highly 
parasitic organisms The power to hsmolysc may be studied by growing tbe 
organism on blood agar plates or by mixing varying dilations of a broth cdture 
with a suspension of washed red cells. This property is of considerable import 
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aQce and is Employed as a priinar) cntenoo for differentiating between the mem 
bers of the streptococcal group The effect on growth of adding Wood serum 
glucose nitrate^ and bile salts to the melium is important since ib is often of 
differential a alue The formation of pigment should be studied on various media 
and at different temperatures aa a rule it will be found that pigment is best 
formed on the surface of a «oIjd medium at a temperature of 2o-50® C In liquid 
media or in tbe depth of solid media and at temperatures above So® C pgment 
13 formed less abundantly under strict anaerobic conditions it is formed only by 
exceptional organism* such as » le/ni mojentcus 

A study of the sabent metabolic functions of an organism as a rule adds con 
siderablv to the information denied from the prenoos methods of examination 
Oxygen and temperature requirements and pigment formation especially are of 
great claxsificatory value being frequently used for tbe differentiation of species 
F Fermentation Reactions and Other Biochemical Properties — Under this 
heading we include a studv of the fern entativo action on certain carbohydrates 
and alcohols (colloquially spoleo of as eugars ) of the proteolytic powers 
c'pecially the digestion of gelatin egg and serum of the fat spbttmg powers 
of the power to reduce certain dyes such as methylene blue and htmus or certain 
salts such as mtrate and tellunte of the prodaction of catalase the production 
of indole from peptone the formation of NH, and H S the dna] hj'^gen ion 
concentration m glucose broth and the power to utilize certain salts «uch as 
tartrates and citrates 

As a rule the fermentation of sugars is observed quabtatively the formation 
of acid being rendered evident by tbe inclusion m the medium of an mdicator and 
tbe liberation of gas by on inverted Dnrbam tube or b} s special fermentstioa 
tube For tbe testing of the other biochemical properties certain fairly stereo 
tvped methods bare been evolved which it is unnecessary to describe here 
In bacterial differentiation the biochemical reactions are often of the greatest 
importance in many groups of organisms the cbssiffcation is made on the basis 
of sugar fermentation of proteolytic power or of both tests taken together The 
sugar tests especially afford a means of bringing out tbe finer distinctions between 
closely alhed organisms The oxidation of tartrates ana citrates is employed in 
tbe differentiation of the coliform groop of bsetena 

G Anti^nic Strnctnre — For ideotifyug bacteria the serolog tal reactions 
most frequently employed are agglutinat on and complement fixation Provided 
that adequate controls are used these reactions — particularly agglutination — 
afford the most rapid and rel able method of identifying a given bacterium For 
the identification to be complete the orgazusm sbould be agglutmated to titre by a 
semin prepared agamst the orgamsm which it is supposed to re*emble and should 
absorb all the agglutinins from that Eeiiun moreover the type orgamsm should 
be agglutmated to titre by a serum prepared against the unknown organism and 
should likewise remove all agglntinjos fnim it That is to say there should be 
complete cross agglutination and cross absorption between the two seta and the 
two orgamsms In certain groups of bacteria the serological method is found to 
be much the quickest and most satisfactory way of distingmshing between the 
different members and it is therefore eitensi'rely nsed for rap d identification 
In other groups tbe agglutination method is not of much help either because there 
are numerous varieties within the species or because the organisms are auto- 
agglutmable or for some other reason Apart from affording a rapid means of 



METHODS OF OBTAIHIVO PURE CULTURES 363 

and if it IS desired to preserve or to publi^ a description of the new species or 
tjpe it 18 essential to make a full and careful record of all its characters and re 
actions so that they will be available.for comjiansoQ with organisms isolated at a 
future date or with organisms isolated by other observers Such n record should 
always contam careful comparisons with those spec es or tj-pes which most nearly 
resemble the newly isolated organism 
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ideotiS cation of certain bacteria tbe serological method is as a rule the most delicate 
method available for bnoging ont the finer distinctions between clcnelv tlL»d 
organisms In this reepect it is more valoable even than the biochemical tects. 
It IS often the only method available for differentiating between the «nb-speaa 
or varieties of a given species of organism. Of recent years increasing attention 
has been paid to the precipitin test which is particularly nsefol when homogeneous 
snspennons of bactena cannot be obtained for agglnhoation or when, as wi h the 
haemolytic streptococci a particular antigen can be eitracted from the c'gamsms 
and recognized quickly bv a simple preapitin technique. 

H. Pathogenicity — The pathogenicitv of bactena is usuallv tested on laboratorv 
animals especially the guinea pig rabbit rat and mouse It mav be sdrisab’e 
to introduce the organism directly into the tissues by inoculatiou mbcxrtaneooJy 
intramuscularly intrapentoneally, or intravenously or it may be given by th» 
mouth or in the form of a «pray. which the a nima l is made to inhale Pa ho- 
gcmcitv tests are open to numerous errors, hut provided these are adequately 
guarded against they often afford verr important information. Thu is l^ted 
however to certam groups of organisms In the *tudy of the purely saprephrbe 
bactena and of certain bactena that are harmless to UboratO’y animals, the patho- 
genicitv te«t is of no value except to establish the absence of nrulence It u 
used chiefly in distingnuhing nrnlent from avtreJent members of the same genus 
or species. But it u also used to distioguisb between closely alhed organism 
both of which are nmlent to the same ammal but which produce to it lesions of 
varying extent or localization or which differ in their virulence to different speoes 
of animal 

For the complete identification of a pathogenic species, it mav be necessary to 
determine whether or not it forms a soluble exotoxin that is to sav, whether stenle 
filtrates of cultures grown for a suitable time in suitable fluid ffi^dia produce death 
with charactenstic lesions. In species which produce such exotoxiss seutraluavion 
with 3 specific antitoxin mar play an important part m identification. In the 
description of any newly irobted pathogenic species a record of the tonci v or 
non toxiaty of filtrates should always be included 

It wni be realized that the complete identification of an untnown orgaujm is 
often a lengthy proceeding As a rule it u ea^ to refer it to its proper genus 
this can be done by «imple exammstion of the morphological and staining react-ons, 
aided at times by the cultural reactions But its more exact denomination requires 
the use of the mo't delicate testa at oui disposal namely the biochemical <erolo<ncal 
and patbogemcitv tests. It is advisable never to place too much we.ght on any 
one test errors of technique or of interpretation are alwavs liabV to occur If 
a large senes of tests is earned out and the organism is studied by «everal different 
methods, then the chances of being misled axe very greatly reduced. 

The complete identificafaon of a given oiganizm with any known tvpe is not, 
of coon^, always possible , within the type species there are often vanete 
differing m minor re«pects from the tvpe organism. It is verv important to realize 
this m any large coUection of organisms of apparentlv the same species, there 
will almo^ mvanably be found a numbn that ilifier from the rest m one or more 
of their properties sometimes the«e differences are so numerons, or a cinide o^e 
of them may be «o important that it zs necessarv to revise one s classiScation. 

If the characters of the organism differ from those of any de«cnbed species. 
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and if it IS desired to preserve or to publish a description of the new species or 
type It IS essential to make a full and careful record of all its chaiacters and re 
actions so that they will he available for companion with organisms isolated at a 
future date or with organisms isolated by other observers Such a record should 
always contain careful comparisons with those species or types which most nearly 
resemble the newly isolated organism 
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CHAPTER 13 


DESCRIPTION* OF THE ilETHODS USED IN THE SYSTEMATIC 
EXA3IINATION OF BACTERU, 4ND A GLOSSARY OF THE 
TERMS EMPLOYED 

We have already dealt in Chapter 12 with the methods o! xsolatmg pure culture 
of bacteria, and with the vanons cntena that are employed m their identification 
In the present chapter we describe a routine which may be used in examining 
the Tsnoos morphological, coltaral, and hiochermcaJ properties of haetens, and 
define the terms which we shall employ in the description of these properties 
Morphological Appearance o! Baetena. — ^The chief pomts to be noted are the 
following 

Shaft — Spheres short rods, loog rods, filaments, coDunas. or spirals 
Ans — Straight or carved. 

Sise*»I/engtb and breadth 

Sides *— Parallel, bulging concave, or irregular 

Enit — Rounded trucate, concave, or pointed 

Arrangement — Singly, m pairs, m chains, in four*, in groupe,m grape^lihcclaiters 
IQ cubical packets, m bundles, or in Chinese letters. 

Irregular Forms — ^Variations in shape and euc, club, filamentous, branched, 
navicular citron, fusifonn, giant swollen forms and shadow lorms, 
ilotxlxtg — Motile or non motile 

FlageUa — Monotnchate.amphitnchate.Iophotnchate, pentnehate (Fig 15, p 31) 
Endospores. — Spherical, oval, or elbpsoidal , equatorial, subtemunal, or terminal , 
single or multiple , causing bulging of baciHus or not (Fig 6, p 2() 
Capsules — Present or ab^nt 

Slatntng — ^Even, irregular, nmpolar, bipolar, beaded, barred , and variations m 
depth between different organisms Presence of mctachromatic granules , 
reaction to Oram and to Sehl Keelsen stains 

Surface Colonies on Solid Media. 

Shape — Circular, irregular, radiate, ihuoid. 

Size — In millimetres 

Eleralton — Effuse, raised, low convex, convex or dome-shaped, umbonate, um 
bilicate , with or without bevelled margin 
Structure — Amorphous , fine, medium, or coarsely granular , filamentous, curled. 
Sur/ace— Smooth , contoured, beaten-copper , rough, fine, medium, or coar«ely 
granular , nnged , papillate , dnD or glistening 

Edge Entire, undulate, lobate, crenated, erose, fimbnalc, curled, effuse 
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Colour — Colour bj* reflected and transmitted Ifght , fiaoresccof, mdejcenl opal 
went self Jununons 

Opacity — ^Transparent, translucent, or opaque 
CoMWfency — Butjious mscuJ, ImUe membranous 

£muIji/aWi/y — !■ asy or diQicuU , forms botnogeneous prannUr, or meml ranous 
euspeii«iQD Ttben rubbed up in a drop ol water with a platinum loop 
Different lalton — Differentiated into a central and a peripteral portion (tig t>7). 

Growth os Stroke Coltore 

Degree — None, scanty, moderate abundant profuse, discrete or conCaent 
Form — tili/orm, rprea<Lng, rtirocd 
Eleraiion — Effuse or raused 

Surface. — Smooth, contoured, beaten-copper, rough, Coelr, moderatflr, or 
coarsely granular , papillate , heaped up , drr or moist 
FJge — Entire undulate, lobate, crenated, erose, fmbnate, curled effuse 
Colour, Opacify, ConsKfcncy and Emutii^abilify — As for eotumes. 

Odour — Abscul, decided re«embling 

d/edium —Coloured , digested, crystal formation (^lg C?) 

Growth is sub Cnltnre 

Degret—As for etrole culture Also position of optioia} growth 
Form —Filiform, beaded with or without branrjiing 
J?*lenf —Depth in tube to which growth occurs 

Su^flce —Surface growth present or absent, if prt*ct)t, diameter surface and 
edge 

Colour end Opncify —As for stroVe culture 

/lyui/adion— Present or absent , if pre«ent cratenform napifona infundibuli 
form, saccate, or stratiform 

As for stroke culture (l-jg CTf 

Growth io Shake Cultate 

PonfioM — Uniform growth throughout tube , or i>o«ition of optimal growth 
Surface — Surface growth present or absent 

Colonies — Site, shape, colour, opacity , outgrowths from penplerj if any 
Gat —Present or absent , medium disrupt^ 

Vedium — Coloured, digested, or rendered turlid 

Growth in Fluid Mediant. 

Degree — None, scanty, moderate abundant or pfofu«e 

Fwriidi/y— Present or absent , if present slight moderate or den*e onil rm, 
granular, or ffoeeulent 

/Vponf —Present or absent , il pieseot slight moderate, or abundant , fowjery 
granular, f occulent membranous or xisci 1 , duialegratirg eompletelr cr 
incompletely on shaking 

S'uf/aceGfotrtA— Present or afewnt. if present neg growth aroned wall of tsW 
or surface pelliele,wlicb IS thin Of Ihwk with a smooth granular c' rough 
surface, and which diainlegrates complftelr or ineompletelr on slakteg 
OJentr —Absent, deoded. resemlltcg— » 



ilETBODS VSED IS 8TSTE3IATI0 BACTEEIOIOOT 


Growth m Blood 

Colonies — ^Description of surface colonies 

Hcemolysu — Present or abeent , if preset of a or ^ tjpe 




r«s 5- 

a-ff EHerat on of colonies, a Fbt or eCnse b Raided t Low eonrex. i Conrex or 
dome shaped, e. Raised with cwcsto bcTcDed edge / Umbonate g Convex with 
pspQlxte smisce h-o £dge of rolomes i Entire i LnduUte j Lohste. h Cte- 
nated. f. Erose or dentate n BadiaOy etnated penpbeiy with lobate ed^ n Eim 
bnate o Rhuoid or arboieecent. ps Growth on s|^ strobe cahnre p JUifonn- 
q SlighUv spreading with nndnlate edge, r Shghtlv spreading with cross edge. 
$ Spreadmg Growth tn gebtin stab cnltnie. (. Filiform growth without bqnefac- 

tion. B Cntenfonn lignefactioo. r Saerste liquefaction, ir Infnndibnliform hqnefaC' 
tion. I Stratiform hqoefaetion. y Naptform liquefaction. 


Retstance Tested usually by placing & 24-honis’ broth culture, containing 5 ml 

of medium m a f-inch test tube, m a water bath at such temperatures as 
55° C for 1 hour, 60° C for half an hour, and 80® C. for ten mmutes, and sub- 
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culturing into a favourable medium This is of course, merely a tough 
differential test For accurate purposes, the column of fimd culture should 
be enclosed in a capillary tube thin enough to ensure rapid heatm«» of the 
organisms to the temperatnre of the water m the bath 

Uetahobc Properties 

Orjym Pressure reyutred /or Grouth — Aerobic, facultatively anaerobic, obhgatory 
anaerobic, microaeroplulic 

/rcrea«ed Carbon Dioxide pressure regutred Jot Grotcih — The growth of many 
organiema 13 favoured by a partial pressure of CO, higher than that — 0 03 per 
cent — the atmosphere, and some entirely fad to grow m the absence of a 
raised prewure 

Ejferi of Temperature on CrotrtA — ^Lunita between which growth occurs optimal 
temperature for growth 

Pigment Formatioti — ^Tested usually on an agar slope mcnbated at 22" C , or left 
at room temperature m the light after preliminary incubation at 37" C 

Effect of Modifying the Constitution of the Medium — Effect on growth of adding 
to the medium blood, serum, ascitic 0md, glucose, glyeenne, potassium 
nitrate, bde salts, or other substances 

Biocbesucal Beactions 

Termenlalitm of Sugars —Tested in 1 per cent peptone water conUzning 2 per 
cent of the sugar and Andrade's indicator A Durham’s tube is included 
For certain groups of organisms, which do not grow well in this medium, 
5 per cent of serum is added Horse eemm may be used as a rule but in 
testmg the fermentation of maltose it is better replaced by human or rabbit 
serum, smce it contains an enzyme iiialta«e, which may lead to a false 
reaction (Hendry 1933) Acid or acid and gas production is noted 

Litmus Mill — Ko change, acid or slL^ , clot , clot disrupted by gas , pep- 
tonization , eaponificatiou The fenn “clot is unfortunately used for 
both an acid dot and a rennet dot xln scid dot results from the precipita 
tion of the ca«einogea , it w soft gelatinous, does not retract and can be 
completely dissolv^ in alhali. A rennet clot is due to the coagulation of 
the casemogen under the inSuence of bacterial enzymes A few hours after 
Its formation it retracts with the eipression of a clear greyish-coloured fluid 
called whey , the clot itsdf is firm and cannot be dissolved by alkali 
Calcium casemogenate is soluble in. water \Vhen acid is produced from 
the lactose of the milk, the calcmm combmes with it and the casemogen, 
which IS insoluble, is precipitated. This is the mechanism of formation 
of the acid dot In coagulation by rennet the soluble calcium casemogenate 
13 converted into insoluble calcmm casemate, which forms the card 

Indole — Tested in 1 per cent peptone water after 6 days growth using Bohme s 
reagents One ml of ether is added to the culture, which is shaken thor 
oughly, and then allowed to stand till the ether collects on the surface 
1 ml Solution A IS run down the ode of the tube , if no colour appears 
within a minute, 1 mL of Solution B « added A positive reaction is 
characterized by a colour varymg ftom a faint pink to a deep magenta 
According to Happold and Htg-le (19W) xylene is better than ether 
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SolatioQ A 

pijra-diiDethjUcusobenzaldebTde 4 gm. 

96 per cent. A!col2(j 3S0 , 

Concentrated HQ 80 „ 

Solution B 

Saturated watery solation oi poUsanm persulphate. 

An alternative method dependins on the volatility of indole at 3T® C , is recom 
mended bv Holman and Gonzales (1*^23) It consists in placing a s*np of filter 
paper «oaled in a saturated watery solution of orahc acid and snbseqcentlv dried 
between the cotton wool plw and the tnbe The paper should be carefuBv folded 
so as to present the Tyi«Timnm surface to the vcdatHinsg indole, which turns it a pmk 
colour 

Some otgani-ms form indole, but break it down more rapwflv than thev produce 
it, and hence mav give a fake negative reaction (Reed 1912) 

JUdhyl Ptd Tt^ (J/.R.) — Tested by adding 5 drops of an (V04 per cent sointion 
of methvl red to a culture in glucose phosphate tnedium (peptone 0-5 gm., 
K*HPO« 0-5 gm., glucose 0-5 gm., water 100 mk, pH 7 o) Culture grown 
for 5 davs at 30* C or 3 davs at 37* C 
Red colour « positive 
YeQow colooi a negsttve 

rogee Pmlautr T«st ( ) —Tested by adding 1 ml of a 10 per cent, solution 
of KOH to a glucoae phosphate culture grown for 5 da^s at 80* C or 2 davs 
at 37* C. The cotonr develops slowlv, and the test should be read after 
18 to 24 houru 

Pmk fluorescence » posiiive 
No coloration b negatiTe 

A higher proportion of poative reactions is obtained by the ose of 0*'leara’a 
(1*^1) modification. A tmfe point of creatine n> added to the culture, foll3wed by 
5 ml of 10 per cent. «odjam hydroxide. The tube i» shaken thorou^hlv for 2 to 5 
rmnntes. A positive reaction is charactenred bv the appearance of a pink colour 
within about 2 minutes, unaccompanied bv fluorescence the development of 
the coloni may, however, be delayed for an hoar or longer. 

\n even more senative test fo- acetylmethvlcarbinol is that described bv 
Bamtt (1936) It consists la adding 06 mL of a o per cent, alcoholic «olnUon 
of a naphthol and 02 mL of 40 per cent. KOH solution to 1 ml of tul*Tire. In 
a positive reaction a pink colour appears in 2-5 mmutes, deepening to cragenta 
or enmson in half an hour In a negative reaction the mixture remains colour 
lea for an hour or so, when it may become copper-coloured owing to the action 
of KOH on the i naphthoL Traces of pink cotoratioa are bes* neglected. 
Ni/roTe Redueiwn. — Tested on a broth culture containing O-l pe* cent KNO^ 
grown for 5 dara at 37* C bv the Gnesa-Hosva method 
Solution A 

c naphthvlamine 1 gm. 

Water 22 mL 

Pissolve filter, and then add 180 mk of dilute acetic acid gt l-Otb 
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SCO 

Solution B 

Sulphamlic acid 0 6 gm 

Dilute acetic acid 150 ml 

Add 1 ml of Solution A followed by 1 ml of Solution B 
Fink red or maroon colour = poaitive 
No coloration = negative 

A negative reaction may sometimes be due to the reduction of the mtritc to 
gaseous mtrogen almost as rapidly as it » formed or to the production of h} droiyla 
mine The first possibility may he examined hy growth rn a gas fermentation tube, 
or by chemical estimation of the nitrate the second by testing for nitrite in the way 
just described after preliminary oxidation of the hydroiylamine with iodine (see 
Lindsey and Rhines 1932 Conn 1936 Reed 1912) A control tube should always 
be tested 

Ammonia — Tested on a peptone water culture grown for 5 days at 37® C by 
adding Nessler s reagent 

Brown colour = positive 
Faint yellow colour** negative 

Hydrogen Sulphde — Tested on lead acetate medium (1 eart extract broth con 
tainmg 4 per cent peptone and 2 5 per cent agar Sterilize and add an 
equal quantity of a eterde 0 1 per cent solution of basic lead acetate ) 
Brown or black coloration positive 
No coloration «= negative 

The lead acetate may be replaced by 005 pet cent ferric ammonium citrate or 
0 03 per cent fenoiis acetate (Zobell and Feltbam 1934} A higher proportion of 
positive reactions is obtained with some organisms by incubating at 30® C instead 
of 37® 0 (Tittsler 1931) The moat delicate method is to grow the organisms in 
a slope tube of liver extract agar and to uclude between the cotton wool plug 
and the tube a slip of filter paper soaked m 10 pet cent lead acetate solution and 
subsequently dried The amount of brownmg or blackening of the paper is 
measured in millimetres A fresh slip may be inserted daily 
Afel/iylene Blue Reduction — Tested on a 24 hours broth culture at 37“ C Add 
1 drop of 1 per cent aqueous methylene blue and mcubate at 37“ C 
Complete decolonzation = strong positive 

Green coloration =* weak positive , 

No decolonzation — negative 

Catalate — Tested on a 24 hours agar slope culture at 37“ C One ml of 11,0, 
(10 vols ) IS poured over the growth and the tube is set in an inclined 
position 

Gas bubbles produced *= positive 
No gas produced = negative 

For an account of the methods of examimng the antigenic structure and the 
pathogenicity of bacteria reference must be made to the chapters dealing with 
the particular organism under consideratioD 

Glossarv or Descrotive Terms 

Aerobic growing in the presence of free oaygen sfncdy aerohe growing only 
in the presence of free oxygen 
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Amorphous (colonies) without visiWe difiereatiation m stmcture. 

Amphtnchate taviBg a single flagellum at each pole 

Ananobto growing m the absence of free oxygen , striclhj anaerobic, growing 
only m the absence ol free oxygen , Jaadiatively anaerobic, growing both 
in the presence of and in tie absence of oxygen It must be noted, however, 
that growth of even strict anaerobes wUl occur m the presence of molecular 
oxygen, provided the tnedium contains a reducing system capable of bringing 
about a sufficiently low 0 B potential (sec Chapters 3 and 36) 

Beaded (stamed bettene) deejJy etm&mg gtanvdee uR&nged et legulas intervals 
along the course of the rod (In stab orstrole culture) disjomted or semi 
confluent colonies along the line of inocnlation 
Beaten copper multiple small cratenlonn depressions on the suiiace oi a growth, 
resembling beaten copper 

Bipolar at both ends or poles of the bacterial cell 

BiUyrous growth of butter like consistency 

Chains four or more bacterial cells attached end to end 

Ohromogenesis the production of colour 

Ciiron shaped like a lemon, having a small knob at each end 

Clavate cluh shaped 

Couyufstion formation of a Arm clot in milk with the subsequent separation of 
the cseein from the whey 

Contoured an irregular, smoothly undolaUng surface 

Convex the segment of a sphere of short radius , Lo\b coni<ex the segment of ft 
sphere of long radios 

Craleriform a saucer shaped bquefaction of the sediuim 
Crenated small shallow indentations of the edge, which has a scalloped 
appearance 

Cmeate wedge shaped 

Curled composed of parallel chains in wavy strands, as m anthrax colonies 
Effuse growth thin, hardly raised at all from the medium 
Eiidosporea thick walled spores formed witbin the bacterial cell 
Entire with an even margin. 

Equatorial situated about equidistant from each end 
Erase border showmg fine, pointed, tooth like projections 
Fifamcnts appbed to morphology of bactena, refers to thread like forms, generally 
unsegmented , if segmented, to be distuignisbed from chains {qv) by the 
absence of constrictions between the segments 
FiTamcfitous growth composed of long, often interwoven threads 
Filiform in stroke or stab cultures, a uniform growth confined to the line oi 
inoculation 

Ftmbnate fine, somebmes recurved, processes projecting from the edge of the 
colony or growth 

Flocculent containmg small adherent masses of bactena of various shapes floating 
in the culture fluid, or deposited at the bottom 
Fluorescent having one colour by tiansimtted light and another by reflected 
bght 

Friable growth dry and brittle, when tonched with a plabnum needle 
Granular composed of granules , fine, medium or coarse 
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Hamolysis on blood agar plate a bcmolyais •' colonies Burronnded by a greenisb 
ring ^ hffimolysia ' colonies Bumranded by an area of clearing, whicb is 
transparent (see Chapter 24) 

Heaped up irregular, coarse proce6«;es projecting considerably above the level 
of the rest of the growth 

Injundtbuhform m form of a funnel or inverted cone 
Indescent exhibiting changing rainbow coloun in reflected light 
Lenticular surface colony, which a convex and translucent, and which acts like 
a piano convex lens, giving an inverted image of an object viened through 
it Deep colony, which is shaped like a lentil 
Lohaie having the margin deeply undulate, producing lobes (see Undulate) 
Lopholnchate having a toft of flagella at one or both poles 
Luminous glowing in the dark, phosphorescent 

il/oimum Tempa-ature temperature above which growth does not take place 
il/emhranous growth thin, coherent, like a membrane 
MtcToaerophilie growing beat under a lowered oxygen pressure 
iftntmum Tetnperalure temperature below which growth does not take place 
JHirroT like having a smooth glistening surface, in which reflections of sunound- 
ing objects, eg window bars, can he seen 
SlenofncJtale haviog a single flagellum at one pole 
Nap^orm L^uefaction m form of a turnip 
Navicular shaped like a boat. 

Opalescent coarsely iridescent, like an opal 
Opaque objects, e g window bars cannot be seen through growth 
Opiimum Temperature temperature at which growth is most rapid 
PapiUate growth beset with small nipple like processes 
Pellicle bacterial growth forming either a continuous or an interrupted sheet 
over the culture fluid 

Peptonization rendering cnrdled milk soluble by the attion of peptomzmg 
enzymes 

Periinchate having flagella disposed around the organism 
Pundifarm very small but visible to naked eye , under 1 men id diameter 
Badtate showing Assures or ndges arranged in a radial manner 
Baned growth thick, with a comparatively flat surface, and with abrupt or 
terraced edg« 

Rhizoxd growth of an irregular branched or root like character, as m B 
myeoides 

Ring growth at the upper margin of a bqmd culture, adhering to the glass 
Ringed having one or more circular depiessiona or elevations on the surface, 
sometimes givmg a draughtsman like appearance 
Rough general term for an irregular surface the irregularity being of & cosreely 
granular type, or resembling morocco-leather or a relief map 
SaMile liquefaction m form of an elongated sac, tubular, cybndncal 
Spreading growth extending much beyond the line of inoculation, t e several 
miUiinetres or more , sometimes over an entire tube or plate 
StTaliform bquefying to the walls of the tube at the top and then proceeding 
downwards horizontally 
iSutleminal situated towards the end 
Terminal situated at the extreme end. 
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Translwtnt : objects, e g. -HTudow ban, are risible throngh growth, but growth 
is not water-clear, 

Transparent: growth is water-clear. 

Truncate: ends abrupt, square. 

Turbid : cloudy ; may be a oniform, floccolent, or granular turbidity. 
Umhoruile : having a button-like, raised centre. 

Undulate : border wavy, with ahaDow sinuses. 

Unipolar: at one end only of the bactenal celL 

Viscid : sticky, semi-fluid ; on withdrawal of the needle, the growth follows it 
in the form of a thread ; sediment on shaking ri^es as a coherent swirh 
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CHAPTER U 

ACTINOMYCES AND ACTINOBACILLUS 
ACTINOMYCES 

DEmrno> Ilnfr 1877 

Orjnniama growing in the form of a much branched mycelium which may break 
up into ecgmonta or produco ‘ eporea ’ Aenal myccUum often formed under 
emtablo conditions Mainly aerobic, hut may bo nntroaerophilio or anaerobic 
Usually aapropfaytic, hut aomo epectca am parasitic on pknta or animal# and may 
giro rt’o to disp&so. In amnia! body organisms are frwiusntly arranged la colonies 
composed of radiating threads with dubbed ends Non motile Some apeeies are 
acid fast The typo species is drtinomycrs hows Harx 

The term #frf»nomye<* fiotts was ongmally given by Hats to a mould like oiganism 
which was found by Bollinger (1677) in the lesions of cattle suSenng from a 
peculiar disease of the tongue and )aw, now known as Actinomycosis This 
organism was first cultivated by WolO and Israel in 1891 under anaetobio con 
dittoes An aerobic organism, which is occasionally present in actmomycotio 
lesions, but which is probably not stiologically related to the disease, was isolated 
in the same year by Bostrocm (1891) In order to avoid confusion with the 
anaerobic pathogenic type, we ha\c suggested thatBostroem's organism should be 
called Actxnom^jetj gmmxma Since then a ntunber of sinular organisms have 
been isolated from a variety of diseases in man and animals, and from such situa 
tions as soil, grams, and grasses 

These organisms appear morphologically as jointed or nnjointed filaments, 
which frequently show ^rue biancliiDg In coltuie, rod forms are not uncommon 
In the animal body, many ol tha pathc^mc species are characterized by the 
formation of granules of varying siie, which are found to consist of a filamentous 
mycelium surrounded by radiating clubs — a picture which is responsible for the 
term “ ray fungus ’’ (Botamcally the term ‘ ray ’ refers to the margmal portion 
of a composite flower, consisting of ligulate florets arranged radially ) In their 
staining reactions some species are acid fast, though the majority are non acid fast 
It 13 evident that these organisms beat some resemblance to those of Slycobactenum, 
and m the classification furnished by the Amencan Committee of Bacteriologists 
in 1917 (Report 1917), Aelxnomyces and ilycabadenwn were included m a single 
family, known as the MyeobacUrtccetB In. the 1920 report (Report 1920), 
however, it was decided to create a separate family of AcHnomycetacecs, which 
should contain the genera /lc!inol>aciKi«,Xcp(otAr**,^ctin(wnyces, and Erysipelothrix 
For descriptive purposes it is convement to consider these genera separately, and 
m the present chapter we shall confine ourselvea to a descnptvon of AdinoJtiyces 
and ^rttnohaolluff • 
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Other terms each as Slreptothnx or AoearJia bare been applied to orgamsms 
of the ^rftnomjfcea group Since the term SlreptoOinz was given by Corda in 
1839 to a genus of fungi belonging to the HtfphomyeeUs, quite different from the 
group that we are considering, this nan^ is obviously inapplicable The- term 
A ocurdia was corned later than Aeiinomye^, and is liiewise mapplicable 

Habitat — ^ilany members of this groap lead a saprophytic existence on grams 
and grasses, and m water As these substances are widely used as foods it is not 
imnatora] that by their means Adittomycea often gams access to the alimentaij 
and respiratory tracts of man and other animals They have been isolated chiefly 
from man and cattle, and also from pigs, chickens rabbits, dogs, elephants, 
bzards and oysters (Toalcrton 1910) Host members live in the soil, where 
they play an important part in the biological processes that are occurring there 

There is at least one 
species that appears to be 
a stnei parasite in man 
and ammab hlumerous 
members are pathogemc 
for plants causing such 
diseases as potato scab 
Uorpbolog; — On cul 
tnre media the motpho- 
logyisranable Inordin 
ary film prepaistiona the 
anaerobio WoIH Israel 
type occurs chiefly as rods 
3-4 ;i Jong by Ofi /t broad 
wbch from their arrange 
ment, their clubbed ends, 
and theirirregaiar«(amiQg 
bear' a re«emblaDce to 
certain members of the 
coryaebactena , careful 
search, however, will 
generally reveal a few 
definite filaments, some of 
which may show true branchmg (Fig 53) The aerobic type in young cultures 
occurs chiefly as long unsegmented straight or wavy filament* which show simple 
or dicbotomons branchmg (Fig 59) and which not infrequently grow upwards 
from th<* surface as aenal hyphse lAter these filaments undergo tegmenta 
tion and break np into rod forms of varying length and oval coccoid bodies 
which ate usually itfened to as qmies In some struns of the aerobic type 
segmentation is vuible withm 24 boors , m others it may not occur for 3 weeks 
or more On sobd mwiia the filaments are arranged in loose groups or in a 
tangled mycehum, but m broth defimte colonies occur consistmg of a densely 
matted central core of filaments and a penpheial zone in which the filaments are 
more loo«ely disposed (Fig 63) These colomes m iquid media are common to 
both the aerobic and the anaerobic types The rods and filaments may stain 
evenly, but as a rule granular staining is evident 4f ter growth for some time 
in hquid media both the aerobic and the anaerobic types may show involution 
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D agar slope cultaie 14 days ST'C. snaerobicaUy 



xonpnoLoaj 


375 


forms, consisting miml^ of spherical or club shaped swellings on the ends of the 
filaments 

If, instead of making film preparations, the growth of the organisms is followed 
by Orskoi’s (1923) agar block technique, it will he seen that in some species the 
aenal mycelium gives ri«e, without prehmuwry segmentation, to circular or oval 
“ spores ” There is e\idence that these “spores” we rather more resistant to 
inimical agencies generally than the plain mycehum They maj, for example, 
resist moist heat at 60 * C for as long as 3 hours The segmented mycehum, 
ohsersed in many species, is no more resistant, however, than the unicellular 
mycelium 

All members are non motile and all, with a few possible exceptions, arc Gram 
po^itiie The anaerobic types are uniformlj non acid fast The aerobic types 
maj he differentiated into 
( 1 ) acid fast , these resist 
decolonzation with 1 pet 
cent sulphuric acid for 5 
minutes, hut arc usually 
dccdlorued hy the appli- 
cation of 23 per cent 
IfaSO( for a similar length 
of time, there IS, however, 
a maiLed variation m the 
acid futsess of diiTereat 
species ( 2 ) Kon acid fast 

In the animal body 
the morphology is often 
different from that on cul 
tuna media The anaer 
obic Wolff Israel tj-pe 
grows jh the form of 
definite colonies, which 
appear in the pus or m 

sections of the tissues as Fio 53 — x iOOO 

granules or “Drujen” Fiom » l>rolh voltore 24Lours 37*C aerobically 



S\Tien crushed and ex 

ammed microscopicaHy these grauules arc seen to consist of a central fiJa 
mentouB Gram positive myceliiun surrounded by a peripheral zone of arge. 
Gram negative clubs In old colomes the mycelium « replaced by a mass of 
short Gram positive rods and coccoid bodies which appear to have resulted from 
the dismtegration of the filameuta The clubs vary m size, hut may be as long 
Ba 10 ,1 and as broad as 5 ,i Ttoi mode of ongiO t«a «■« ‘o “»'* <>'“ 
ensaon On tie -hole .t seem. prolaWe that Ibsm are two entmlj different 
types of club, one observed in srtifieial culture and derived from the o^an“m 
Itself, the other observed m the .Bmal body and derived from the host The fot 
type, or ■■ enltnre clnb ” as DtsW (1923) calls it, represents the swollen end of 
the mycehal filament The second type or “tusoe clab, aa we may call it 
appears to be dne to the deposition aionnd the end of the lament of some 
material, probably nob m lipoid, by the tissues of the host Tisane 
observed, not only in ray fnngn. mfeetions, bet also in lesions eansed by other 
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organisms such as tubercle bacilli and stapbj'Iococci E\en dead tubercle bacilli 
are said to stimulate tbeir production. 

In sections of tissues tbe filaments maj 1* differentiated from the dobs 
by a modified ZieU NeeUen stain. If a section is stained with carbol fuchsin, 
decolorized for 20 to 30 seconds with 1 pet cent HjSO* and counterstained 
with methylene blue, the cluls appeal led and the filaments blue 

The aerobic typc«, when growmg in the ammal bodv, generally form a tangled 
mycelium without evidence of ray or of club formation , bat exceptions do occur, 
as with Admomyets madunr, which forms definite grannies «imilar to tho«e of the 
Wolff Israel type 

The most sinking feature of the Adinomyes is their pleomorphism. AD forms 
may be seen — filaments, rods, cocci and even spinDa In the anaerobic tvpe rod 
forms predominate in culture, in ^fctinomi^ces tiuufure filaments But in most of 
the aerobic types aU forms are ««cn, coexisting in a «mg!e culture Fo'^ a detailed 
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Fio 60 — Adin^yas ffnmiini. Fic 61 — Jdiiwmjeee £on«. 

Colomes on agsr plate 7 dare, 37’C.*en>- Coknr on apar plate 14 dare, TT'C-anaero- 
bicaUr X 8 bically X 5 

description of their morphology, the reader is referred to a monograph bv Lieske 
(1921) 

Cultural Beachons — ^In general, growth on artificial media is readDy obtained. 
The usual media soffLce, but the addition of glucose or glycerol is beneficiaL The 
aerobic types, with a few exception, multiply rapidir, so that m 24 hours definite 
evidence of growth is visible on sgar Tbe anaerobic tvpes, on the other hand, 
grow more slowly, taking 3 or 4 days to form mscro«copic colonies. Great diversity 
of cultural appearance is noticeable, particulady in the aerobic speaes. Tbe 
descnptions that foUow refer only to some of the commoner tvpes. 

On an agai plate the aerobic types form round, low convex opaque, finelv 
granular colonies, which later usdeigo differentiation mto a raised, knob-like, 
sometimes radiaUy striated centre and an effose, gronsd-glass like periphery The 
surface is finely granular and oft«i has a “chalk, powder” coicnng due to the 
formation of aenal spores , the edge is ihizoid, mdented, or feathery (Fig 60) 
Most strains fonn pigment^ — ^ycDowish, pink, or orange m colour — which becomes 
apparent after a few days’ mcubation, and which may «how progressive alterations 
\n tmt This is especiaUy noticeable in cnltnies that have been incnbated at 3T* C.» 
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and subsequeatly left in the dark at room temperature kfter a variable time 
under suitable conditions, aenal byphas may develop, 
giving rise to a characteristic bloom on the surface of 
the colony — the chalk powder appearance just described 
Theanaerobic Wolff Israel ty^ lonnssmaller colonies, 
not apparent for 3 or 4 days , they are more compact, 
greyish or porcelain white in colour, and have a nodular 
surface (Fig 61) 

On glycerol or glucose agar the aerobic types give 
a luxuriant, conffuent heaped up, worm cast pigmented 
growth, adherent to the medium, of tongb consutenc; , and 
difficult toemnlsif} (Fig 62) Tbeaoaerobic grows 
in the form of discrete colonics, which arc only slightly 
adherent to the medium, and ace much easier to emulsify 
In a glncose agar shake culture the aerobic types give 
a thick pigmented growth confined entirely or almost 
entirely to the surface The anaerobic type gives a 
characteristic band like growth eitoated about 03 to 
1 cm below the surface with a few larger di«cretp 
colonies scattered throughout the medium below I^o ' 
growth at all occurs in the upper few miUimetres Pio C** — 

In broth tbe aerobic types often fonn a thick, dry, Aehnomjfcef fnmini 
dull, scaly or nodular, pigmented surface pellicle, which ^ar aloi* 

may extend for some distance up the sidesr of the tube aerobically 
A ropy or membranous, sometimes pigmented sediment 

forms augmented by £re 

surface membrane The 
broth ^remams dear, 

commences at the bottom^ 

-whitish granules with a nod 
ular surface deposited at the 
bottom of the tube , there 
' js no turbidity and no sur-* 

I face growth Nitrate broth 

" IS more favourable for 

Fiq 63— ^rhftomyw* TTomtrrMX IOOO growth than ordinary broth 

A email granule composed of radialmg filameate, from a ™ ^ cultural character- 

broth cnltore 24 hour» 37 C aerobically 

jstics on other media can 

be ascertained from the descriptions of the mdividnal species 


■ 


Fiq 63 — Arhnomyw* TfonurrM X lOOO 
A email granule composed of radialiug filameata, from a 
broth culture 24 hour" 37* C aerobically 
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XUsutasce — ^The members of this gioap show no speciaf lesistante to heal 
or disinfectants Most are killed m 15 mmntes rrhen exposed to moist heat at 
60“ C Some attempts have been made to find whether filaments containing 
60 -calIed spores are specially resistant Xincent (1894) working with ^ef irwmpces 
maiuTCB stated that the spores were killed at So* Cm3 minntes whereas the 
non sponng forms were blled at 60* C in 3 to 5 minutes OeLov (1923) has 
likewise found that the spores are more resistant than the plam mjceliam 
they may survive exposure to moist heat for 3 hours at 6o* C Goyal (1936) 
however was unahle to show that the spores were any more resistant than 
the filaments both were killed by a time temperature combmation varying with 
different strains from 30 minutes at 60* C to more than one hour at 72* C There 
IS of course a great difference between the resistance of the Acttt om jees spores 
and that of true bacterial spores 

Cultures of the aerobic type if kept at room temperature remain viable for 
months cultures of the anaerobic type nsnally die out in about 6 to 8 weeks 
If kept m the meubator they die very much more q^oickly 

Growth Requirements — ^There is a fairly sharp division between the aerobic 
and the anaerobic types The aerobic ty^s are unable to grow under stnctly 
anaerobic conditions while the anaerobic types are unable to grow at anv rate 
on solid media and when first isolated in the presence of air In liquid media 
especially m nitrate broth and in the depths of solid media such as glucose agar 
the anaerobic types may Sourish when kept under aerobic conditions showing that 
they are not strict anaerobes but ratber organisms having a preference for a low 
oxygen pressure — micro-aerophiles Intermediate types are met with (Brans 1899 
Lignieres and Spitz 1903) nsuaUy hanog a preference for anaerobic conditiona 
(Naeslnnd 192o) The development of both aerobic and anaerobic types is favoured 
by the addition of 10 per cent COt to the atmosphere The range of temperatnre 
over which the aerobic species are able to grow is very wide Many of the water 
and soil strains multiply even at 3-6“ C whfle nearly all strains grow between 
6* and 30* C About 30* C some strains fail to grow but the majonty have their 
optimum temperature round about 37* C Thermophilic species are encountered 
with an optimum temperatnre between 40* and 70* C The onaerobic strains are 
more fastidious in their requirements and fail to grow if the temperature 
vanes more than a few degrees from the optimum of 37* C (laeske 1921) Growth 
is improved as a rule by the addition of glucose or glycerol sometimes by blood or 
serum. 

Biochemical Cbaractensbcs — The anaerobic type produces acid but no ga« 
in gluco*^ malto«e Iacto«e and sucrose strains of human ongin («ee p 3 9) 
ierment ih>o mannrtol and sihicm (Enkson Termentation is olten very 

slow The aerobic types have as a rule, no action on these substances 3Iany 
of the aerobic types tom litmus tnilV sbghtly alkaline and peptonize it slowly 
the anaerobic tvpe turns it acid (^^lom and Bonfigboli 193"-33 Slack 1942) 
A few members are proteolytic digesting gelatm and serum but the majonty 
have no proteolytic power The anaerobic tvpe cannot grow m the presence of 
b2e salts some of the aerobic types are aHe to do so 

None of the strains that we have tested was hsmolytic but Waksman (1918) 
has noted haemolysis in certam strains and has correlated this property with the 
power to digest proteins. 
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Pigmeat formation is charactemtic of many of the aerobic species, the usual 
colour being some shade of pmk or brown 

Antigenic Structure —CSotebrooL (1921) worLmg with throe struns of the 
Wolff Israel type, found that their agdutination reactions differed Aoki (1936<i, 6), 
osing agglutination and complement fixation reactions, found that 6 anaerobic 
strains all fell mto one group, but that 19 aerobic strains fell into eight different 
groups The careful olservations of Entson (1910) hare shown that by agglutina 
tion, nideii when necessary by> absorption of agglutinms, the anaerobic species 
can be divided into (1) a group containmg strains of human ongm which are 
antigemcally homogeneous though differing in their degree of ag»lntinabibty, and 
(2) a group containing strains of bovmt origin, likewise homoseneous, but with 
much less power of giving nse to antibodies m nbbits It must be noted how 
ever, that all of Erifcsons bovine strains were of Australian origin, whether 
European stroins behave similarly is not tnown 

Pathogenicity — ^The anaerobic Wolff I«rael type appears to be responsible for 
actinomycosis in man and cattle The aerobic types are mostly saprophytic, but 
occasionally they are able to give nse to chronic granulomatous lesions in man 
and other animals 

For laboratory animals both types have a low pathogenicity Inoculated m 
a large do«G subcutaneously into rabbits they give rise to a circumsenbed abscess 
which may persist for weeks or months , in the pus Dni-sen may often be found 
(Hassegawa d al 1933) Intrapentoneal injection of the Wolff Israel type into 
guinea pigs and rabbits may give nse to small nodules contauung typical granular 
pus, but the lesions are neither extensive not fatal By the repeated inoculation 
of massive do<GS mttaveoously Slack (1912) was able to kail rabbits m &~10 weeks, 
and to demonstrate post mortem the presence of macroscopic oi microscopic 
abscesses and focal necroses m the lungs and bver, sometimes containing grannies 
with hyulituzed clubs. The acid fast members of the aerobic group, such as 
A(hnon\yefaasleTO\des are more psthogenic Injectionof thisorganism Ly thesub 
cutaneous intravenous, Or lutrapentoneal route lends to a progreBsive fatal mfec 
tion of guinea pigs and rabbits m 6 days to 4 weeks Post mortem small tubercles 
are found scattered throughout the o^ans, bemg especially numerous m the lungs 
liver, and spleen (Eppingcr 1891, JlacCallum 1902) IIicio«copicalIy these nodules 
contain tangled fi'aments, sometimes arringed in the typical ray form 

Variation In Actmomyces bovis — Not all the anaerobic strains isolated from 
actinomycotic lesions conform to the description that we have given Lentze 
(1933) pointed out that in certain cases an anaerobic bacillus of more diphtheroid 
appearance might be found diffenng in its morphological, cultural biochemical 
and antigem^ characters from the dasncal Wolff Israel type He designated 
the new form as the S and the old as the R form. Enkson (1940) however, nghtly 
objects to this terminology, and since the majority of the new stiams are Of animal 
origin, refers to Lentze’s S and R forms by the tenna bovine and homan respec- 
tively WTiether the«e different forms a« stable varieties Bnalogons to the bovine 
and human types of the tubercle baoUns, most await further observation. 

The cbef differential characters of strains of bovine ongm are as foUoTrs — 
The mycelium undergoes fragmentation very rapidly eo that rod ionas are pre- 
dominant , extensive ramification is tare, growth is scanty, the colonies are 
smoother, softer, have an entire edge, and ar» not adherent to the medium . aenal 
hyphao are not formed, as they may occaamnaDy be by the clasacal form (Enkson 
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1940) , m Lqnid media there is sometimes a slight toibiditj-, and a wispr or light 
flocculent deposit , mannitol and ealicui axe seldom fermented , and antigenicallj 
they constitute a separate gtonp 


CLASSmCATIOV 

Lieske (1921), who made an extensile study of the Actinomyces from the pomt 
of view of a botanist, found so mncK variation intbfcbcbavioiii of individnal strains 
that he was unable toamveat any satisfactory classification. Subsequent workers, 
however, have felt that Lieske overestimated the difficulties of this task Attempts 
at classification have been made along both morphological and phvsiological hoes. 
The most pronunent exponent of the former group dunog recent years is OrsVov 
(1923) who devised the followiiig scheme 

Group I “ Spores ” give n«e to a nmceUnlar branching oycehum. This 
affords the substratum for an aenal mycelinm, which consists of rather thicker 
branched filaments ‘ Spores ’ are formed from the aenal hvphro without any 
previous segmentation of the cytoplasm " Spore ” formation commences at the 
tip of the thread and proceeds towards the base “ Spores ” are more resistant 
to heat than the plam myceba Minor pomts are that the pninaty mycehnm is of 
cartilaginous consistencv, and often sends toots mto the agar The aenal mycelitun 
may anso centrally or penpheraOy, and may not appear for a long time CV)ndeo5a 
tion of the cytop^m occurs at regular intervals. Whole appearance of organism 
IS fairly nniforni. (jelatin is often liquefied This group seems to include most 
of the non acid fast aerobic species 

Group II A Both the pninaiy and the aerul mycelium are of the <ame diameter, 
and both undergo early cegmentation mto irregular fragments. The aenal mycelium 
arises very early in the culture. It starts at the centre of the pnmaty mycelium 
and spreads concentrically towards the periphery Xo “ spore ’* formation occurs, 
and the segmented mycehal fragments are no more resistant to heat than the 
unicellular mycdium. The whole appearance is very pleomorphio, coccoid, 
baciUaTy, filamentous, clubbed, and uregular diaped fonns are common. The 
growth is generally soft in consistency, and does not adhere to the medium. A 
reddish insoluble pigment la frequently fonned Gelatin u not usually liquefied 
This group includes many of the aerobic sad fast speaes, euch as AdmomycM 
asteroides and Actinomyees farantcus 

Group IIB Differs from Group HA in forming no aenal mycelium. [Enlson 
(193o), however denies this, and would do away with the distinction between the 
A and B groups ] Besides segmentation, the so-called angular division is common 
m this sub-group and is responsible for the diphtheroid appearance of these 
organisms m film preparations. Group HB compnses mainly the anaerobic species, 
of which the most important is the pathogenic organism descnbed by Wolff and 
Israel 

Group III The characteristic feature of this group is the formation of oval 
* spores at the extreme tips of the mycelial branches. No aenal mycelium is 
produced Only one species has so far been recognised — Actinompces daJctis 

Naedund (1925) put forward a dassificalioii based pnmaiily on physiological 
characteristics We have modified it slightly, and present it m the foUowmg 
form, paying attention mainly to the organisms that are parasite or potential 
parasites of animals. 
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Aclxnomyces 

A Predomiaantlj aoaerobic types Aeitnomycts towj Harz 

B Predonunantly aerobic types 

(1) Non acid fast Aeivnomyces gramims Bostroem 

Adtnomt/ces caprcs 
Actinomyces madurce 
Actinomyees somahtnsxs 

(2) Acid fast Actinomyces farctmcus 

Actinomyces asterxndes 
Adtnomyees gypsotdes 

C Facultative aerobic types Actinomyces nuirij 

The creation of a special subdivision for the facultative aerobic types is dictated, 
partly by convenience, and partly by the differeocea of the mam specipg Actinomyces 
muns from tbe anaerobic \FoUf Israel type 

There seems little doubt that the organism month/ormis, to 

which 80 much attention has been called in recent years by Levaditi, Nicolaii 
and Poincloiuc (1925), Parker and Hudson (1926), Levaditi Selbie and Schoen 
(1932), Strangeways (1933), and Jfackie, van Rooyen, and Gilroy (1933) is the 
same aa the orgamsm isolated by SchottmiiUer (1914), Blake (1916) and Tileston 
(1916), from one type of rat bit© fever ut human beings, and called Streplolhns 
wtris fflttv Since the ongmal name for this orgamsm claims pnoivty o> ei Strepfo- 
6aetffus monilt/ormts, we propose to adopt it Modification, however is necessary, 
partly to suit the binomial uomenclatuK, and partly because tbe term Streptolhnx 
19 not valid In its place we suggest the name Actinomyces muns 

The inclusion, however, of this organism in tbe Actinomyces group is admittedly tenta 
tive, and may well have to be revised m tbe bgbt of future work The observations of 
Khe&eberger,ofX)ieoes,of£teilman8DdQtber8(8eepp.939 945) bare revealed tbe eastenee 
of a group of small pleomorphic bodies resembling in many ways ergamstss of the pleuro* 
pneumonia group lie first of these boiLcs was isolated from a culturo of Slreptoiaciliiis 
moniliformu tVbether it was a vanant form of this organism or a symbiont remains 
doubtful, but since the other pleuropneumonia like bodies that have been described do 
not appear to have been associated with fifrepfobucilius monili/omw, it seems premature 
to transfer this organism to the pleuropoeumoma group and call it aa Heilman (1941) 
suggests, Asteroeoccus mtirts ^Ve propose therefore, to include it temporarily at least 
in the Actinomyees genus, but to desenbe the plenropneamoma hke bodies associated wilh 
it in the chapter on the pleuropneumonia organistn and associated forms Van Rooyen 
(1936) would exclude SlreptobaciUns moniliformts from the ^irfinomycM group, 
he was unable to demonstrate the presence of true branciuag in this organism , but Ins 
observations are contrary to those of most other oboervers, and the reasons be advances 
for assigning it to the ffivmejihiliis group arc not convincing There is some ground for 
believing (see Dienes and Edsall 1937) that tbe organism isolated by Theobald Smith 
from the pneumonic Inngs of calve# and called by him B acUnoidts is closely related 
to, if Dot identical with, StrepUieseiUiis »itiii»I*Jb»w»s Since there is still some doubt 
about this, we shall for the moment describe it m tbe Aelindaeilhij group (see p. 3S9) 
to which its normal morphological appearanoe would natamVy assign it 

Enkson (1935), who has recently atadied a number of new parasitic species of 
Actinomyces, has suggested a scheme of dasafication containing both morphological 
and physiological characteristics She accepts Hrskov’s grouping, hut does away 
with the distmction between his Groups UA and IIB She objects to the nse of 
oxygen rei^uirements as a basis of classification on tbe ground that the distinction 
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between tbe aerobic and anaerobic species is not snfficienUj sharp Instead, she 
placra rdiance on pigment formaboo, and pioteolybc acUon. 

Waksman and Hennci (1943) «iiggeat a classificabon ba«ed pnmanly on the 
fragmentabon or not of the mycelinm Organisms in which the mrcehtun breaks 
np into bacHlary or coccoid elements they would place in the femily ilctvnomy- 
cetacea, thia wonld comprise two ^nera — Actinomyces for the anaerobic and 
iVocanfia for the aerobic species. Organisms in which the mycelinm does not 
fragment they wonld place in a new family Strcflomycetacea: , this wonld com 
pnse two genera — Streptomyces for those species m which multiplication occnis 
by conidia in chains from aeml hyph®, and Ifjcrofftonorporo for those "yecies in 
which multiphcabon occurs hy single terminal spores or short sporophorea. It 
will be reahzed that agreement on the classificabon of members of the Actinomyces 
group IS still from being reached. 

A detailed de^cnption of some of the more important members u appended, 
followed by notes on others that are of less importance. These Jesenpbons are 
based m part on oni own ob«eTTations of relab^ely few strains. For a differential 
table see p 392 (Table 24), and for a general deprecation of different types sec 
Lieske (1921), Xaeslund (19i>), Setb (1929), and Rdeebury (1944) 


Aetloemyees bails Haiu 

/Mltffion.-^'Desenbed by BoUinger ra 1677, named Aettnonyeu Ions by Haix m 1677, 
and first isolated by WolS and Isniel in 1691 

Ilahilal — Stnet parasite found m leaons of actinoosyrais in man and cattle Preipieni 
in human mouth and in sahraro calculi. 

UorfMofy —Glyeenl O'jv, 7 days ot 37*C long and short rods predominate, long 
continuous or segmented threads with a straight or enrred ans, shomiis sunpla 
or diclmtoQWUs branching , S^haped or spiral organisms , coctoid forma. The 
rods reeemble. and are arranged like. Certain members of the corynebsetena , 
aides parallel or uregolar . ends rounded. ^bWd or tapered , ass straight or 
emred, great rariatioa in appearance, irregular ftaicing U taml , granular and 
beaded forms are not uncontinon. ^on-motCe. Non-eponng Gram positire. 
^on-aeid fast 

Agar Plate . — 7 day# at 37“ C anaerofneoBy Poor growth of round, 0 5-10 mm in diame- 
ter, co&scs, opaque, amorphous colomea with smooth dull surface and cntiie edge . 
greyiah-white by traiCTiitted, poirelain white by reflected Lght , butrrous or 
triable consistency , emulsifiability not dilScidt as a rule 21 days, rather larger, 
1-1 5 mm. in diameter, nmbonate, with elightly irregular nodular surface and 
lobate edge, diflerentiated into a ghstening raised centre and a dull shelnng 
periphery resembling a rosette. Golomes may grow into roedinrn. 

Agar Slope . — 7 day' at 37“ C anaeobieaBy kloderate growth of discrete colonies simflar 
to those described. Numoons greyish-white flocculat masses of coarsely granular 
structure m water of condensation , they are irregular m shape, hare an irregnlar 
edge, and are opaque. In the condensation water there is also a finely granular 
turbidity 

OeJatin Slab — ^Iso growth at 23“ C. After 12 davs at 37“ CL, the culture shows when 
cooled, a band of growth 4 mm. deep with ita upper margin 1 rnm below the sur 
face. Growth consists of rery fine grensli-whjte mterlacing filaments lookmg 
liVe cotton wooL No liquebction. 

Broth — 5 days at 37* C anaerdteoBy Poor to moderate growth , deposit of compact, 
white, mulbeny like granules with "odnlar surface, often adherent to each other , 
not disintegrated on shaking No turbidity , no surface growth . no odour 
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Glucose Agar Slutie.—5 days at 37“ C No growth for 1 cm below eurfaee. Then comet 
a tnrbid band, about 0-3 mas deep, eotaatiag ol large numbers of tiny colonies 
Throughout the rest of the medium are scattered discrete, irregularly round, opaque, 
greyish white colonies, about 0 1-1-0 mm in diameter, with smooth or slightly 
knobby surface 

lather’s Semm . — 7 days at 37* C anatrebteatty Ifoderate, partly confluent, raised, 
shiny growth of low coQTez, rounded colonies about 0 5 mm. in diameter No 
hqnefaction. 

Glycerol Egg — 14 days at 37“ C anaerohtcaOy Poor, slightly raised, confluent growth 
with finely granulai surface due to imperfect fusion of coloniec No liquefaction 

MaeCemtey - — No growth in either solid or liquid medium. 

Potato — 14 days at 37* C anaerobically Very poor growth of discrete, round, 1 mm 
m diameter, whitish low conrez colomes with smooth glistening surface and entire 
edge 

Resistance. — dt 37“ C cultnres live for about I to 4 weeks, sometimes longer Dned on 
glass and kept in the dark organisms may Lve for 7 weeks or more. Killed by 
moist heat at 60* G. in 16 minntes. 

iletahohsm — Anaerobe ol the microaerophihc type Wilt not grow on surface culture 
exposed to the air Optimum temperature for growth 37“ C . growth below 
30* C IS either very ahght or absent Optimum pH 7 3-7 6 No hsemolysis of 
horse red cells No pigment formation. Growth is improved by nitrates, glycerol, 
blood an increased partial pressure of CO^ and sometimes by glucose 

BtocAemieoI— Acid, no gas, ui glucose, maltose, mannitol, lactose, sucrose, and sahcin 
within SI days under aoaen^ic coodiiioRs KM arid Indolo— , MP — , 
VP—, Nitrate reduction -f -t* , 11^ — , NH, , JI B redaction — , Cota 
Use — 

Anitgeme airuciurc — ^Two groups distinguishable by agglutination, one containing strains 
of human, the other of bonne origin 

Palhogentetty — ^Responsible for actinomycosis in man and cattle Very sLght patbo* 
genieity for laboratory animals Intrepentoneal inoculation of a broth culture 
into a rabbit or guinea pig may be foUov^ by appearance of small nodules chiefly 
in the great omentum, contauuog the typical clubbed colonies of Aclmomyees 
The ammals live indefinitely 

AcCiaemyees madura 

/ao/o/icw.-— Isolated from pale variety of Jladun fool by Vincent m 1894 Called by him 
Streptothnx tnadurce 

Habitat. — Found in pale vanety of Maduis foot Saprophytic exMlenco probable, but 
not demonstrated. 

Morphology — Glycerol agar, 14 days al 37“ C Long, non segmented filaments 0-4-0 Gfi 
thick, showing true and Ailae bnaeiing, sides pamlM, ends often tapenng. 
Arranged m a mycehum sometimes aggregated into dense masses. Stain evenly 
leter fragmentation may occur with production of ovoid bodies. Non motile 
Gram positive. Non acid fast. 

Agar Plate. 5 days al 37® C Small, roimd, convex colonies about 0 5 mro in diameter 

14 days, larger, 1-3 nun. in diameter, greyish yellow, opaque, irregularly heaped 
up, nodular, umbonate colonies, resembling worm casts which have a smooth 
glistening surface. Very adherent to medium ; consistency bornj , verr difficult 
to emulsify Whole colony looks hke a rosette. 

Agar Slope.— 7 days at 37“ C Poor growth of discrete, dull, greyish white opaque 
irregularly heaped up colomes with nodular surface 

Oelaltn Slab —14 days at 20“ C Moderate, filiform growth consisting mostly of small, 
discrete, greyiah white cdomet^ having a darker centre and a hghtcr feathery 
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penphery, growth extends to bottom of tube Slightly raised surface growth 
about 3 mm. in diameter Shght lutoefaction after 6 weeks. 

Broth —7 dayt at 37’ C Poor growth. Deposit of bttle greyish white pud balls. looking 
like colonies of moulds, and having a dense centre and a lighter penphery , often 
cohenug m groups of two or three ^rfi turiudity , no surface growth? no odour 
later a white efflorescent surface growth may appear 

lotffler't Serum, — 7day$ai37’‘C Poor growth of isolat^ colonic 21 dayt, moderate 
growth of heaped up nodular colonies. l\o liquefaction. 

Glucose Agar SIope,~-^ days at 37’ C Discrete colonies raised, heaped up with worm 
cast surface, moist and glistening. 

t/fyceriil^gariSTope — 12 days at 37’ f7 Laxunant raised, confluent, greyish white worm 
cast growth, very tough, adherent to medium, and difficult to emulsify 

Glycerol Egg — 7 days at 37’ C Mostly confluent growth of rounded. dome^Lke colomes 
with dull nodular surface. Very tough adherent to medium, and difficult to 
emulsify ^o hquefaetion. 

Potato. — 7 chiys al 37° G Discrele heaped np, nodular, yellowisb brawn colomea. 13 
days heaped up dry, chalky white and grensh brown, worm-cast colomea. Later 
may tske on a rose-red colonr 

AfoeCiTiikey— 'lo growth on sobd or bqnid media. 

Besisfanee . — ^Destroyed by moist heat at CO’C. m 5 minutes. 

iletalolism. — Aerobic , very ahght growth on glycerol agar anaerobically Optimum 
temperature 37*0. grows at 20* C. Forms soroetimra a rose-red pigment on 
potato Growth improved by glycerol and glucose. 

PiocA«rntc«il>-Feraeots no rugara. L.&L toned slightly alkaline , may be peptonized. 
Indole — U.Ik — , V P — . Nitrate reduction . H^S — , sL -f* > Chtalase 
r sL , &LB redaction — 

Pathegetifcity — Subcutaneous mocnlation into rabbits, gmoea pigs, mice, and eata causes 
a local nodule, which increases to size for a month and then retrogieases. Pespon 
sible for pale or ochroid ranety of Madtm disease in man. 

ActioomTces gramlnls Bostroem 

Isolation — Isolated by Bostroem u 1891 from human actinomycosis. Subsequently 
isolated by numerous workers from different lesions in man and other animals. 

Habitat — Saprophyte hvmg on grains and grasses. Often gams access to mouth and 
respiratory passages of man and otbCT animals. 

ilorphology — Agar 24 hours at 37’ C Long filaments, 0-6 fi wide, showing irne and 
false branching , long and abort rods, and coccoid bodies. Sides parallel, ends 
rounded or tapenng, Filamests are straight, wavy, or spmSar, and may or may 
not be segmented. Arranged in email loose groups, or u a mycelmm. In broth 
ny forms are frequent, with compact centre and radiating filaments. Staining 
of rods and filaments u often inegulaT Non-motile. Gram postive. Non 
acid fast. 

Agar Plate. — 34 hours at 37° C Bound, greyish white, low convex, dull, opaque 
colonies with finely granular surface and eroee edge:. 7 days, rounded, up to 3 rntn, 
in diameter, umbonatc, granular colonies, with raised, opaque, primrose-yellow, 
radially striated centre, and ^nse, greyuh ground-gl^ periphery Surface 
giannlar, edge feathery or rhizoii Generally tough and adherent to agar, and 
difficult to emulsify Colomea may be folded on surface and coral-Iike or they 
may be undiflerentiated with a nodular surface and lobate edge Cblour may 
be chalky white, yellow or brown. 

Agar Slope. — ^24 hours at 37“ G Abundant, ahghtly raised, greyish-white, faintly trans- 
lucent or opaque growth with dnD, finely granular dr mealy surface and entire or 
erose edge. 7 days, surface u whitish and moderately granular , growth may 
be heaped up in places. 
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Geiahn Slab — 7 dav$ at 20* C 2Iodent« filifomi growth of conitucnt, groyiali white, 
feathery colomw , estending to bottom of tube Slightly raised surface growth, 
3 mm in ihameter After 7 weeLs the growth near the surface is orange pinh 
Lfquebiction unusual. 

BretA —24 houTi al 37* C Moderate growth » ropy or membranous sediment, not dis 
Integrating on shaking , nng growth and finely granular almost Invisible surface 
pellicle . turbidity absent, or shgU and finely granular 7 days, thick surface 
pdhclfl, exteoding up sides of tube, dry, dull, and sca^ with pinkish yellow or 
orange nodules In places , heavy fioccular deposit, pinkish in colour No odour 
Olueoft AfOf BAait— 8 dayi al 37* C Good growth confined to surface except for a 
few tmy colonies in upper 5 mm. of medinm Surface growth is thick, raised, 
confluent, dull, greyish white with several secondary colonies developing on it 
Sometimes surface growth Is heaped up, yellowish brown, and of worm-cast type 
with no colonire htlow surface 21 day*, growth is bnck red or yellowish-orange 
in colour 

IxtrfJItT'* Brrum.— 24 hosri al 37* C Good, raised, moist, glislemng confluent growth 
with nodular surface and lobate edge 24 dayi, no liquefaction. 
iMrMt Ego — 10 tfayi al 37* 0 Good, confluent, raised, yellow isb growth mth nodular 
surface and eilgc formed of single colonies. 21 days no liquefaction 
itaeCtmlev * Agar — fl days at 37* 0 Crowtb of small 0 1 mm in diameter pinkish 
opaque colonies ; growth very poor compared to that on agar In liquid metlmm 
there is good growth with a heavy granular deposit 
rofufo.— 24 Aours at 37*C Poor, sfightly nfwd chalky w lute growth with powdery 
surface, laiter, growth may turn yellowish-orange or ochre brown 
PrnstflnfC— Oiftures remain tialla for months. 

l/rfobulistn —Aerobic. No growth under strict anaerobic conditions. Optimum tempera 
(unS7*C . grow«at2t)*C N*oha*mo}ysinforhoi«ercdcel]< lellowish orange 
or pink pigment formed, particularly in old cultures stood at room tcnipcralure 
Growth IS jmprored by glucMc, sometimes by serum 
Bioekeriicaf.— Vo fermentation of sugars. laimus milV tuineil slightly alkaline in C 
days, may bo slowly jieplonued. Indole— M H — . \ P — Nitrate redue 
tion*^, NHi-j-i very slight +, CaUltso+ Jill rciluctum — 
Vath<gfnie\tij — Ajjiears to l*e lion path«}.<mc to Kloraton ftiiimils 
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Synonyms — SlrtjAotl rxx mtiris roOi 
SchottmOllcr, Sirtjiubaciliiis man 
i7i/arniii Lcvsditi. 

Isolation — Isolated by Schottmfiller 
(1214) from human patienU bitten 
by rats 

llaUttl — Natuml parasite inhabiting 
the nasopharynx of rats (Strange 
ways 1233) 

Morphologj — I/xJJler's serum at 37* C 
Slender branching filaments, 04- 
0-6 /I wide, growing In interwoven 
masses After 18-24 hours fiwg 
mentation of the filaments sets 
in, and many of the filament# are 
replaced by chains of bacillary or 
coccoid bodies V’ery marked 
pleomorphism Occasional fila 
menta show sphencal, oval, fusi 





kio M — Actinomyces muns From a Loeffir r 
slope, 2 days 37” C aerobically (x 1000) 
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form or club nlinpn! ««cllmg9 occurring terminally gub-terminaUy’, or in some 
other sitiulion— iicnci. tho term tnontlifmni*' These swellings may be 2-6 
times the duimitor of tlio filament nnd iwoject from i ne side onlv Accord 
lug to KIkiuI rrg(r(I0li) themonihfonn apiaarancc ond certain other appearances 
art due to the pKiirupncumoma or LI oi^nism which is a constant companion 
to drlinemycM iniiris In the ammal body the morphology is more regular and 
1 icilUry Gnat imgularUy in depth of staining Ison motile TJauallr 
diHcrilied M Gnin negalivi but may be Gram positirc m voung cultures 
Non-ncilfist (Si-olig 01) 

Affar al 37*C — ho growth 
it jnr ot 37* C, — ^,o growtU 

Smim tyor /’/ife —2 at 37* C Circular greyish yellow, low conreK almost water 
cl nr, amorphous colonics 02-0 3 mm in diameter with smooth glistening surface 
and entire edge , btityTons inconsistency and easily emul»i6nble \o differentiation. 
I ittle nr no merense in size on further incubation 
(iifi/in .S/ib— 7 ifayt nt 20*C 2^0 growth 
\«fncnf IlrotX at 37* C No growth 

fit /WA — 2daysat37*C Noturbidity Abundant greyish white coarsely granular 
sediiiicnti looking like lluffi bread crumbs, immature cotton balls, or tmr snow 
flakes not dL^intcgratiiig completely on shaking No surface growth. No odour 
Gh (we SAflIe —7 days cl 37* C No growth. 

iir^rrs ^rrum — 2 rfav* at 37'C Discrete circular, low conrex colonies, tmiiUr to 
those on senim anr I ut rather larger— 06-07 nm m diameter 7 Javs some 
colomet may ahow s diffirentiatioii into a sli^hth raised nmbonate ceatiu with 
% Hatter jwn} hcry ht' ing an irregular or erenated edge , surface appears finely 
granuKr an I rather dull Growth may be confluent from the start, and appear 
slightly rami eolourleas with a gbstening beaten eopper «urfaee and a more or 
less entire edge. No bqucfaction eren after 3 weeks. 

Diirstlfgg — 2duysa(37*C Similar to cdouceoa LoeSers scram but perhaps slightlr 
smaller— 0 3-0 d mm in dumeter No bqueficUoa eren after 3 weeks. 
lIorttBlMii Igtir— 2</<»y#37* C Colonies resemUe those on scram anr Nohsmidysu. 
I'otalo —7 drtyr at 3"* C No growth 
IfrtcCrwlfvs Ajar — ^7 day* ot 37* C No growth 

Croitih m iVtWepinj Kgg — InooiUted on to the cborK>.*llan1oie membrane of the derelop- 
ing chick emlrro, 4rfiTio. mwrM inTsdes theembrvo and liecconee localized almost 
esrhisivch in the «Tnoyial lining of the joinls, where it appears to grow mainlt 
a* an inlraeelluUr parasite, the erobiro dies within 4 davs (Buddn^h I***!). 

— DoslroTcd in scrum broth br heating to 55* C. for 30 mmutos. Dies out in 
culture very readily Scrum broth eoltures may remain viable at 37* C. for a week. 
IfcWlWumi,— Grows aerobically, but growu eqoallr weD or better under anaerobic con 
diUona Growth said to be improved bv 10 per cent. COf Optunum temperatnre 
57*C. littleornogrowthat22'C. NotucnK^jsmforhiBseTedoeDs. Noyocment 
formation No crowth on ordmsjy media, but growth ©ocurs la presence of sarom, 
aacitic fluid or blood , not imywovrd bv jocose or riyeereJ. 

Biofftewifnl— Not thoroughly studied. In s«nm ^ugar media aad is produced withm 
3 days in glucose and sahem, sometimes u maltose aad lactose. Litmus milk 
unchanged Indole — , JlLTw — , V P — Nitrate reduction — , 77^^ — cata- 
lase — , M B reduction — 

— Different strains aj^ieai to be aaticemosIlT hoiaojraneona. 

Bible in man Set one tvpe of rat bite feirr — aometcpes dssaabad 
jia or HaverIdD fever May give nse to an epizootic diseiase 
by ccdematmis swdhng of the feet and Jeca, anintis, osn- 
phademtis latrapentoDeal mocnlatian of mace with (1 5 mk 
uie is usoalh' fatal m 1 2 davs, no characteristic post martem 
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»ppp«mtir« vwble Subcut&neous inocuUtion jnto one of the hind feet often 
to a more or li?s« perfect reproduction of the nnfural diaesao ComparatiTely 
arinilent for rats, piincA pig* and nbbits though infraTenoiis inoculation of 
culture Into mlbita may eomctimro (rod to arthritis, 
lonotion — rkiiroineumonia like bodies aro constantly a.'isociatod with this organism 
(six. p WC) , ft fs still doubtful nbetber they are Tnnant forms or gymbionta 
■— Ihek and TunniclilT (1018) isolated a aiiniUr organistn— dc/inomycM piitoru — from 
a boy bitten by a weasel 

A Other Anaerobic Types 

TunnicLff doeonbrs a xreakJy Gnun positire motile anaerobic organism irJueh 

ahe IsoUted from a tanaillar granule Smear preparationa ol the granule shoired thick 
bacilli with roan led endj filaraent^ tightly waned apfriJla and cocci, Sectiotia etaioed 
with Gicrosa thowRl bun Ilea of hlamenta with the bacillary forms radiating from them 
In tnaerobie ctilfuro on ascitic fimd tiaroe mcilium and ehcep-Wood agar rosettes and 
Irst tubesbnuh like forms approred. aioailar to those in the ongmal material. It is very 
doubtful whether this organism shout 1 be inctoded in the Aelinomyees group (see also 
Tunmclilf and Jackson 1&30) 

B Other Aerobic Typei 

(!) ^OH aciD-rasT TVew 

AtUoeayee} eapr* — Tlrecnbrd ly SilberacbmiJl (ISM) in ISM It was isolated 
from the lung of a guat sujposisl to be suffering from tuUrculoaia Consuls ol eery 
thin waiy filaments, showing a larymg degrro of hnneiiing Rlammli segment into 
rod and eocenid forms. On agar dr> coloniea, flattened in the centre with an irregular 
irarty folded surface In I ruth surface growth ofdrydiscoid colonies and a rough deposit. 
No cliangem litmus m Ik Abundanigrowthonpotatoof rose-red colonics, later becoming 
chalky white No liquefietlonof gelatia Aerobie Subcutaneous injection into rabbits 
produces an abscraa. Intrarenousinjeetionsoraetimescsuseetubcrcics in Tarioui organs 
Guinea pigs ar« nlber more susceptible than rabbits (eee also Gslh Valeno 1812) 

Actinomyces icoslUnih — Described by Brompt in 1000 (see Brumpt 1027) Was 
first isolated by Boufi'erd In Trench Somaliland from patienta affected with mycetoma 
Cunsiste of long branching (Uamenta with trancele or sometimes tapenng ends Gram 
ponitiTC Grows on agar, but better on blood agar On this medium eobmes are at first 
•mall, circular, conres and translucent but after a few days they become irregularly beeped 
up nodular, worm cast or cratenform , they are opaque, vary m cobur from white 
through yellowisbKinnge, to brown or Mack, often show nuliol segmentation which gives 
them a stellate appearance, aro ostrcmely tough to conaistency and adherent to the medium 
and bare » peculiar odour In broth bo turbidity or surface growth but a deposit of little 
greyish white puff balU On potato a white folded layer of growth which in 6 to 6 days 
heeomcB yellow PeptoRues mdk Fennentsnosugara Gires rise In man to mycetoma 
of the band or foot Lesions contain bard smootb yeUowisb red granules 1 mm in 
diameter not dianociatcd by cacistic potash 

(2) Aero rasT Trrrs 

Actinomyces farclnlcus — Isolated by Kocard in 1888 from cattle Buffering from farcy 
Brandling filaments growing in a mycelium. Gram positive , feebly acid fast (see p 375) 
On agar It forms small irregular, raised opaque jellovish white colonies with a dull 
maromikted powdery surface. Dry, scaly, pale yellow plaques on potato Irregular 
whitish masses In broth, some of which remain at the surface and others faU to the bottom 
No liquefaction of gelatin, lio change in btmus milk. No growth anaerobicaOy In 
cultures, the organism forma filamentous Idted maasee and diphtheroid like bacilli Cul 
turea remain viable for 4 months at 37* C . killed by beat at 70» C m 10 minutes Intra 
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pentoneal iD]«ction la latAl to gume« in 9 to 20 dajs , pcxst mortem, miliarj Dodnleo 
over pentonram, cooUiiuDg a little jms , m tbe ptu are massa of teciUi. latnvMmos 
injection of guinea pigs causes the fotmation of geoenlized miliary nodules, particularly 
abundant in the lungs, liver, and spleen. Sfiliary nodnles follow intraTCnous injection 
of cows and sheep. Rabbits, dogs, cat*, horses, and asses are resistant to intrareaous 
or intrapentoceal injection. Snbcuta&eoas injection causes a slowly prt^ressire abscess, 
which ulcerates and heals. 

Attinontjets aitercf dea. — Isolated fay Eppmger is 1S91 Irom a brain abscess in a glass- 
gruder Consists of threads showing tm* and false branching , threads may be long, 
or short and segmented , tmy rod forms also seen. In the body it forms long granular, 
mterlacing filaments with no ray or chib formation. Gram positive. Acid fa°t. though 
not so strongly as the tubercle bacilliis. Aerobic . no growth anaerobically Destroyed 
by heat at 70” C. lo 5 minutes. On agar — at first whitish. later ochro-colotired. umbonate 
colonies, having a raised, dry, wrinkled, opa^e centre and a moist ghstenmg more trans* 
Incent periphery with a raycdoid edge . whole colony star-shaped — hence the name 
asieroidts — may be a central depressed enter, tater, colour deepens to orange, and the 
wnnklmg of the surface becomes more marked. Agar slope — nised ochre growth with 
a mealy surface and entire edge. Gelatin — very slow growth without Lqucfsction. Potato 
—red raised growthwith a granular, and later WTTnkled,sarlace, achalk white bloom mav 
develop doe to a velvet like upgrowth of fine filamenta into the air These nphited fila 
meats have tenmnal chains of coccoid bodies or spores, which, when tranaferred to broth, 
sprout and give nse to long filaments or star like clusters (MacGalhim 1902) Broth— while 
auiface pellicle, which falls to tbe bottom, and u renewed several times , no turbidity 
After subcutaneous, intrepentaneal, or intraveDoos injectioo, rabbits and guinea pigs &e 
ID 5 days to 4 weeks. Post mortem, tbe nscera, especially Jungs, liver, and spleen, are 
studded with small white nodules. Abacessee may derelop in tbe muscles, kidneys, and 
other organs these abscesses contain branching test tube brush fonns with latenUy 
radiating clubs. An organism called Jetinomytts nnalHu with sun liar path^emcitv 
but diSerent cultural reactions to h.ppu>ger*s strain was isolated by Cohn (1913) from 
the bladder of a man with pyima. 

Aetlnamyees gypsoldes —Isolated by Hennci and Gardner (1921) from the sputum 
of a woman Acid fast branching filaments wer« found in the sputum, sometunea in 
mvcelial form Agar slope — thin greyish veil, aooo becoming thick, opaque, and chalkv 
white, EOiface dry and wrinkled . growth finely adherent to the medium and very brittle 
Potato— growth similar to that on agar Gelatin stab — surface growth only, Lquefaction 
stratiform and complete in a week. Broth — small white Sakea coalescing to forma thick, 
wnnlled, snow white surface pellicle ealendiog up aides of tube. Litmus milL — yellowish 
surface pelhde . milk is turned alkahne and curdled , Ltmns reduced . later digestioiL 
Media containing peptone are darkened (tyrosinase) Growth improved by dextrose 
maltose, and glycerol, ho carbohydrates fermented. Intravenous injection mto rabbits 
is fatal ID 2 days post mortem, minute abscesses in viscma, especially kidneys, which 
are stndded with yellowisb white nodules. Intrapentoneal mjection into guinea ptga is 
fatal m 4 to 6 days, post mortem, small tubercIe-bkenodolFsoverpenlnniUim, {unesfum 
ahiunken and studded with nodules. 

An acid fast strain described by But and T..iql.miiTi (1902) gave a snow white growth 
on solid m^iia, peptonized sulk, but did not liquefy gelatin. Another acid fast (tram 
described by Berestnew (see Feistmante! 1902) gave a grey to whitish growth, liquefied 
gelatm, but was non pathogenic to laboiatoiy animals More recentir. Goldswortby 
(1937) has given a good description of an acid fast strain isolated from a patient with 
pulmonaiv actmomycoBis 

C Other Faeultative aerobic Types 

Desenbed by Kaeslund (192o), who isolated organisms of two different types from the 
hnman mouth. 
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Typo I eonsista morphologically of branching and often very smuoua relatively short 
threads usually arrangetl In iv radiating fashwn, rods and granules are also present 
In old cultures there la markwl pleomorphum No aerial spores Chiefly Gram positive, 
non acid fast Culturally, growth in dextrose broth occurs in the form of round oval or 
ovoid colonies, white to j ellowuh grey ui colour which appear at the bottom in about 
a n eek On saUra dextrose agar a slightly shiny Cfflourless film appears becoming granular 
after a few daj^ , some of the granules may develop into small greyish white nodular 
adherent colonics, having a narrow translucent finely striated inargm Little ornogrowth 
on gelatin, potato or milk Optimum temperature for growth 37* C , no defimte growth 
at 1?0*C 

Typo II consists of very long threads of fairly even thickness showing typical but 
infrequent branching Jvo defimte aenal spores formed Gram positive but the greater 
part of the mjeehum consists of Gram negatire elements with occasional Gram positive 
segments Non acid fast Culturally, in saliva dextrose broth round greyish more or 
less translucent colonies develop at Ibo bottom in about a couple of weeks On sahva 
gluceeo sgnr growth st- first oeeura in a tbm Aim but in 1 to 2 weeks isolated pinhead 
colonies appear hard or soft in consistence and surrounded by a narrow translucent 
border No definite gronth on geUtm, potato or in milk 

ACTINOltAClLLUS 

Ligni^rcs and Spits (1902) isolated a non motile non branching Gram negative 
1 acillua from the legions of cattle au0cnng from a disease which m many respects 
resembied aetiQomyooru They called the organism the sctioobscillus, aad the 
disease to which it gave rise actmobaciUosis Two other organisms have since 
been described, having some pomta of aimilant) with this bacillus and it is there 
fore coQNCnient to consider them as forming a group to which the genetic name 
AelfMlaciltiu may be applied 

Dxmmov A<Uno{yi<illu$ Brumpt (Cmeoded from the Amencan Committees 
Report ) 

Cram negntire. non acid fast rods, sometloira occumng m long chsins or in 
imjaintcd filaments. In lesions in the animal body no m>eehum is formed, but 
at the penphery flngereliaped cells or clubs may bo visible. 

Type species is AelinoloeiUiif hgateren, iJniropt 
The clas.sifieation wc suggest is as follows 
Aa\no}jac\Uu$ 

A Aerobic and facultatively anaerobic AcCxmAiactllus fiynierest 

ifclinohocillus oclinomycefcm* 
com^tans 

B Preferring raised CO, pressure Aciinobactllus actinoides 
A description follows of the eepsrato oigamsms 
AetloebaclIIus Ugnlsrssl 

lor isolition ivo above Ajpears to be a stnet parasite 

Synon jm —Pro! ably the same ns Riet punfactena (seo Tuniueliff 1941) 

J/orpMog,j—ln young culturas it » » small rod-shaped onanism, in older cultures 
- It w cocco bacillary, and various involution forms appear In serum broth lotig 
streptol acillary forms arecommon Inglucoseagar shake cultures long tangled 
unbranehed Shmenla may bo fonned accompanied by smaller bacilli and coccoid 
bodies (Grifnib lOlC) Diraeisiona of the bncilb are given by Lignites and Spitz 
(1902) as 1 15 I 2o /i long byO't /» broad Non motile non sparing non acid 
fast Stains readily especially with carbol fuchsin and is Gram negative 
frequently shows bipolar staining 
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In lesions in tbe ammAl bodj small granules are found winch consist of tufts 
of rediallj disposed clubs sumlsr to those in actioomjcosis. An important point 
of difierence is that tbe centre of the granule u occupied not by a Gram positive 
fUamectous mycelium such as la formed by ActtncmjeeJ bons but by minute 
Gram negative bacilL which may quite teadfly be overlooked Though both the 
badHi and the clubs formed by Aetindbaeilitis hfnirrtn are Gram negative it is 
possible to differentiate between them by a modified Ziehl \eelsen stain, as was 
pcanted out by Boswortli (1923) If a section of affected tissue is stained with 
carbol fuchsm decolonied for ^ to 30 seconds with I per cent and 

counterstained with methylene blue the dabs appear red and tbe bacilL bln** 
For pus one of tbe best stains is glycerine picnxarmine which stains the clubs 
yellow and the pus cells pink. 

Culhration —Cultures are beat obtained bj grinding up infective pus in a mortar and 
seeding on to agar Growth occurs readily under aerobic conditiomi and le« 
readily under anaerobic conditions The optimum temperature for growth is 
3““C verv slight giwtb ocenre at 20*0 

On agar in S4 hours at 37* C small ctmilar bluish grey translucent colonics 
with a smooth surface and an entire edge 
op to 1 5 nun in diameter, are formed 
further mcubstion resulta in a considerabk 
mcrease in mye — up to 4 mm,— due to pen 
»'• ,, pberal extension of the colony On an agar 

* ^ ^ ^ slope the growth of freshly isolated strains is 

^ poor cossirting of smaQ. discrete truaslucent 

> y bluish colonic or of a thm, dry confisent 

-* '' layer of growth adherent to tbe mediiun 

> After culbTatioD for some time m the labor 

'* ' atory tbe organism grows more reedOy ginng 

s i- a confioent. fiMonn viscous growth with a 

‘’t* „ thickened edge 

In stab agar there is a whitish opaque spot 
i at tbe surface no growth oeem down the 

stab In gdabn stab growth a very pciw 

FBI FreO •“* “ ^ 

a liter agar slope 2 days 37* C aero opaque spot appears at the surface , no 
bicaOj (x 1000) growth occurs down the stab and there is no 

bquefactiOD 

Coagulated serum is not a ^eiy favourable medium only a thm whitish 
growth IS formed. 

On acid potato there u no growth On alkahne potato a slight glistemng 
greyish yellow growth appears 

In peptone broth there is a slight uniform turbiditv In old cultures a surfate 
film mav develop and an abundant deposit Growth in broth Is improved bv serum 

Rentlanet The organism is kQkd 1^ heating to 6‘’*C m 10 minutes. It rap dlv sue 
cumbs to drying Cultures do not live long and should be transplanted even 
few days Infected pus preserved in sealed tubes mav remain virulent for a month 

BioeAtmieal Pfadions — The fermentative abibty of this organism W a I ttle doubtful 
Glucose maltose mannitol and sucrose are generallv rendered acnl thou<Fh not 
markedly so tn a day while lactose may be fcnDCnted later Acid la j rod iced 
m Ltmus milk, but no clot Indole is formed apparently m small quantity 

Antig^te Strudure Little known Tunnicliff (1^41) states tlmt liovine and ovine strains 
appear to be si niUr but tliat strains of eifher type m.vy fail to a^slutinate witl 
a type serum 
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No cxotosm is fonrcd The organism is responsible for ActinobaciUosis 
m ciittlo The virulence of different strains seems to vary cons derably and while 
cattle inoculation expenments are successful with some strams they are com 
pletelv negative with others {Magnassmi 1928) 3Iost workers including ourselves 
have been unable to produce any specific lesions m laboratory animals The 
following statements therefore wlicb arc taken from Ijgmfres and Spitz (1902) 
must be accepted inlh considerable fe^errc Subcutaneous inoculation of pure 
cultures into cattle produces anabseess Identical with those occurring spontaneously 
in the pus granules arc found consisting of haedli surronnded by clubs Infra 
pentoneal inoculation of a whole agar culture is fatal to a gumea pig m 12 to 24 
hours Post mortem there is an abundant turbid pentoneal exudate nch in 
polymorphonuclear cells the organisms can be cultivated from the exudate but 
rarelj from the blood Intrapentoneal in)ection of J— J an agar culture into male 
guinea pigs produces a typical Straus reaction In 2 days the testicles are mark 
eilly inflamed and the two Layers of the tumea vaginalis are adherent the scrotum 
u red anolhn bihI tender The animal loses neight and dies in 5 to 7 days 
Post mortem small purulent granules the auo of a hemp seed formed of a verv 
thin membrane containing white or yellowish thick homogeneous pus and scat 
tered over the pentoneal scroaa — particularly on the mfenor surface of the dia 
phragm the liver spleen and omentum Around the testis there is a thick purulent 
cxuflate gumming the two layers of the tunica raginahs tegetber In the pus 
of thes* lesions tafia of eliil s are found though not in hrge numbers they are 
rather imalfcr than those aeen in cattle Subcutaneous inoculation of guinea p gs 
TOUsea a local abaceas which may resolve ulceration rarely oecura clubs are 
not usually demonstrable in the pus 

Rabhita cats, and dogs are const lerally more resuUnt than gumea pigs but 
succumb to intravenous inoeulniion Small heions may develop in mica or rata 
slier siibcittanecnis mocultfion Pigeons and fowls are resistant 
Aetlnebaeillas actluonycctsm eomltsos — ’Described by K1 ngar in 1912 nnder the 
name fisc/ eehnomjtetem tomilaas Pound in lesions caused by /Icfinomyces botat as 
dwjseJy packed Crsm negative cocco-baciIH (CoIcbrooL 19'^) In eulture the rod forms 
are 1-0 15/ilong the coccoiJ forms are 0-<i-0 8 #* in diameter Intermediate forms are 
frequent The organism is non motife. fa broth or f quid gelatin at Jf'C it forms iso- 
late translucent granule* 0 5 lO ram. m d aroeter along the aides of the tube most 
numerous near the surface several hundreds of these colon « may develop After some 
days they fuse into » greyish white mass forming a ring round the tube and a peUicle 
over the surface The granules con be picked off tho wall of the test tube with a loop 
blit are very difScuIt to break up Later they may become opaque and greyish white 
On agar it gives rise to small tough colonics not unlike those of streptococci adherent 
to the medium The organism tiourishre under both aerobic and anaerobic conditions 
There is no growth at room temperature Cultures live for 4 weeks It is toxic on mjeo 
f jfiw into lahhiti but does not set up •» true lofection 


AetlnobaeUIus aetlaoldes — This organism was isolated by Smith in 1918 from the 
lungs of calves suflenng from epizootw pnenmotua and caUed by him B actino des 
In the ammal body it appears as a minute Gram negative bacillus arranged in groups 
In the condensation water of coaguUted serum it forms minute whitish flocculi which 
consist of a central mass of rad ating non brand ng JiKments ending peripherally in 
dabs. In tissue agar cultures the orgsmsm grows as aggregations of rounded ring like 
bodies 2 ft \D diameter baring a minulo refringent speck on tl e periphery or near the 
centre There are thus three distinct forms m which this bacillus occurs. Most strains 
are eapaulaled (Smith lOilh) b itthocapsulodoesnotata n w th the os lal dyes Growth 
oo»m only ondoT » nund pre..nro of CO.-m i» <>n co.gnl.trf .emm 

whitish floccuh appear m the condensation wafer in 3 days at 3( C and after several 
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weeka very tiny, elevated, pointed bke coloniea may appear on the slant Growth may 
be obUined on agar to which a piece o! gumea pig’s spleen has been added. No growth 
on ordinary media or on ascitio fluid Non pathogenic for laboratory animals on expen 
mental injection Subentaneoua injection into calves causes a large necrotic swelling 
with caseous contents , ulceration occurs in 4 weeks Intratracheal injection into calves 
causes small necrotic foci in the lungs, identical with those observed m the natural disease 
(Smith 1921a, see also Jonea 1922) The loot that it has been isolated from the lungs 
of white rata suffering from pneumonia (Jonea 1922) suggests that it maj be a natural 
parasite of those animals For further references to this organism see Smith (1921a 6) 
A Bimllar organism, differing only m minor parliculare has been isolated from the middle 
car of white mts, in which it ww eni«n^ aappuration (Nelson 1930, 1931) The resera 
blance of Aelinoftacilltia aetnwidta to Strtplobaeinut mo;it/i/ormts (see p 3S1) has been 
noteil bv Dienes and Fdsall (1937) , but in View of its reported lack of pathogenicity for 
laboratory animals and its baciUarj morphology in the lungs of calves, it is probably 
wiser to treat it separately for the moment 
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CHAPTER 15 

ERYSIPELOTHRIX AND LISIERELLA 

Defivitiov 

Rod-8haf>ed orgiiusnis >t»th a tendency to tlie formation of long filaments 
wlucli msj* ahofp Lranofung The fifarnenta may also thicken and show charac 
Icnstic granule No spores Motil tv slight or absent Gram pos tive Slight 
fermentative activities hberoaeroph 1 c Usually parasite 

The type species is Erynpttoihnt rhustopalhia the causative organism of swine 
erysipelas 

1 he first raemlwr of this group to be desenbed waa the bacillus of mouse 
#eptic«rma Erysxpelolhnx munj^jco it was foiwd by Koch in 1850 in the 
blood of mice that had been m}eeted Eubcutaneously with putrefying blood In 
1882 LoeSler (1886) observed a sitoilar bacillus in tbe blood vessels of the skin 
of a pig that had died of awine erysipelas (It is possible that the bacillus observed 
four months previously by Tbuilber (Pasteur and ThuiUier 3883) m pigs dying of 
tougel was tbe same organism as that described by Loeffler but thia is not 
absolutely clear ] Another organism closely allied to Fry rhvsw'paihVB was found 
by Ro«enbacli in cases of human erysipeloid Subsequent workers have recorded 
the presence oiErtjuptlothrtt in outbreaks of polyarthnfis in sheep and joint ill la 
lambs and in occasional infections of cattle horses turkeys peacocks and man 
(see Beaudette and Hudson 1936 Paterson and Heatley 1938 Greener 1939) 
There is also reason to believe that it is a not uncommon parasite of fish thoagh 
conclusive evidence of this is sfiK lacking (Ebuder 1926 3932) Schoop (1936) 
for example who recorded its isolation from fisb used tbe mouse inoculation 
method so that it is impossible to be certain whether the orgamsms came from 
the fish or from latently infected mice 

In 1926 3Iuiray Bebb and Swann at Cambridge desenbed a disease of rabbits 
charactenred by a large mononuclear leucocytosis, and caused by a small Gram 
positive non sporinp bacillus which they termed Bad vwnocylogenes The same 
organism has since been isolated by a numbec of iiorkers from various diseases 
in animals and man characterized most often by a generalued infection tending 
to localize in the liver myocardium or central nervous system (see p 1287) For 
this organism Pine (1927) suggested the genetic name of lASlerelUt Without 
for tbe moment discussing the appoaleness or the validity of this name we may 
point out that Enjsipelothnx rhuttopathtw and Uslenlla monocytogema resemble 
each other in so many respects that it is conienient to descnle them together 
Habitat — FDOugJi has already been sa d to indicate the wide range of animals 
infected by these organisms Though both of them appear to be mainly parasites 
Fry rJiisiopalha: is said to le present m tbe shme surrounding the body of 
%atious fish (Khuder et al 1926 Klaader 1932 Schoop 1936) ami in sewage 
derived from abattoirs (Hettcbe 1937 ) 
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Morphology. — The work of SpzjszaL and Szymanowski (1929), Meyn (1931) 
RedLch (1932) and Barber (1939) has made it clear that both Erysipdolinx and 
Ltsterella occur m a smooth and a rough form, each characterized by closely 
associated morphological and colonial appearances. In the smooth form they 
appear as email, straight or slightly curved. Gram positive rods with roond^ 
ends, about 0-&-2 5 ft long and 0-S-O6 ft broad arranged smgly, in small packets 
or groups or in short chains In the rough form long filaments, np to 60 ft or 
more, predommate eome of which are eeen b*eakmg down to form chains of bacilli. 
Erysipeloihnx is more slender than Ltstmlla and u non motile The motility of 
ListereUa however, which b» «aid by some workers to be dne to a single polar 
flagellnm and by others to pentnehate flagella is very slngguh Accordmg to 
Seastone (193a) it is demonstrated best in a 4 hoar glucose broth culture Flagella 
are said to be developed better at 25“ C than at 37' C (see Paterson 1939 Gnffin 
and Robbins 1944) 

Cultural Cbancters — In the smooth form the colonies after 24 hours’ meuba 
tiou at 37® C are very small, circular, convex, amorphous, and water-clear, with 
a smooth glistening snrface and entire edge On farther incubation Ergnpelothnx 
colonies chow Lttle or no increase in size , tboc« of LutsreUa become larger and 
less tranrparent In the rough form the colonies are rather larger and flatter , 
theu matt snrface, curled ctrncture, and fimbnate edge render them not unlike 
miniature anthrax colomes Oa the whole LutereBa colouies (end to be larger 
and less transparent than tho*e of Erynpelothrti In gelatin stab culture the growth 
of Erystpelothnz on fir«t isolation is often of the bmp-brush type , LutertJh forms 
a filiform growth with no bteral outgrowths. Erystpetothrve faOs to grow on 
SlacGonkey’s medium , LutmUa, accordmg to Paterson (1937) and our own 
observations forms small colonies on this medium, hut Barber (1939) was unable 
to confirm this LtstereUa forms s soluble luemolysin , Erynjpelothrtx does not 
(Barber 1939) though hsmolyns may occur around colomes m blood agar 

Resistance — ^51oat strains of Ergstp^toU rix are killed bv exposure to moist 
heat for 15 mmutes at 55® C , Ltsferrlta survives this temperature for 30 mmutes 
but is killed withm 60 minutes (Barber 1939) Ergsipelolhnz is resistant to saltimr 
pickling and smokmg and may remain alive in putrefying carcases for months. 
Hettche (1937) found that it survived for 4 to 5 davs m dnnlin g water, and for 
12 to 14 davs m •ewaee and aquarium water lAstsrtlla is said to be fairlv resistant 
to penicillin (Foley ft al 1944) 

Growth Requirements and Metabolism — ^Tbe growth of both organisms is 
favoured by glucose and to a Jess extent by blood and serum. According to 
ColeUa (1936) grow t h of En/siprJothnx occurs best m 01 per cent glucose broth 
andOSpercent glnco^eagar, Urgerqnantitiesofsugarwerefoond tobe mhibitorv 
A liver dige<rt medium favours both organisms (Mnrrav, Webb, and Swann 1926 
Tawter 1937) On first isobtion LtsUrtUa like Erystpelothnx, may give a band 
growth just below the surface of a shake a«»ar culture (Gibson 193a) , whether 
this 13 due to a preference for COt or for a lowered partial pre^ure of orvgen is 
not clear Both o^nisms are facnltative anaerobes. Hntner (1942) found that 
the growth requirements of lA^terdla were mnplet than tho»e of FrystpelothTti 
ListereUa could grow m peptone water without serum or thioglycoHate, whereas 
Eryipelothrix could not Growth of Lisferrfhi is said to occur m an acid hydfolv«ed 
“ vitamin free ” medium containing glucose and morganic ^Its, provided riboflavin. 
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biotin, and ha3imn are added (Porter and Pelczat 1941) Groinh of both organisms 
occurs between about 16'* and 44® C, bot is best at 30® to 37® C 

Biochemical Characters — ^Tbe fermentative acti\ity of Hrysipelothrix is less 
than that of Lxsterella Neither organism forms gas LrysifehlKnx produces 
aad on glucose and lactose , lAslertUa produces acid in glucose, maltose, salicm, 
mannose, ihatnnose, and dextrin, and ^owlj or in only small amount in lactose, 
sucrose and glycerol (see Deem and Williams 1936, Barber 1939, Julianelle 1941 
Harvey and Faber 1941) According to Barber (1939) and Julianelle (1911) 
Lislerella gives a positive and Erystpelcthnx a negative Voges Proshaoer reaction 
though Harvey and Faber (1941) record a negative reaction for the strains of 
Liiterella that they studied 

Antigenic Structure — There is general agreement that Ert/stpelolhrix and 
Li$teTella are antigenically distinct Watts (1940) who studied 43 strains of 
Erysipelofhnx, found that 38 appeared to belong to one antigenic type and 5 to 
another Each group possessed a beat stable specific antigen, and in addition 
two heat labile antigens, which were present m different proportions in the two 
groups and were responsible for cross agglutination Seastone (1935), Webb and 
Barber (1937), Schultz, Teny, Bnce, and Gebhardt (1933), Paterson (1939 1940a) 
and Julianelle and Pons (1939) have brought evidence to show the existence of 
some antigenic diversity among LiSlereUa strains. Paterson recognizes four types 
the division being made primarily on the H and secondarily on the 0 antigens 

Pathogemcity — Both organisms have a wide range of pathogenicity for animals 
under oatura] conditions, and both may occasionally infect man (pp 1235 7) 
The diseases to which they give rise will be described m Chapter 58 here we 
shall concern ourselves with their effect on laboratory animals Three striking 
characteristics ate possessed, though in differmg degree by Cri/sipelothrix and 
LisUrella Both produce a considerable monocytosis in rabbits pm point focal 
necroses in the liver of mice, and conjunctivitis in rabbits and mice After intra 
venous inoculation into rabbits each of the o^msms gives rise to a considerable 
monocytosis, wluch reaches its maximum in 3 to 7 days (Webb and Barber 1937, 
Barber 1939) In mice inoculated subcutaneously or intrapentoneally focal 
necroses of the liver, up to pinhead in size ate nearly always found post mortem 
m Lislerella infections, but are much less numerous and striking m infections 
with Erysipelcthnx Conjunctivitis, on the other hand, is commoner m Erysipela- 
thnx than in Lislerella infections of mice (Barber 1939) If howev er, the orgamsms 
are instilled into the conjunctival sac of the rabbit, or rubbed gently on the everted 
Iid Lislerella gives rise to a severe conjunctivitis aud keratitis whereas Erysypelo- 
Oinx causes a milder conjunctivitis without Veratitis (Anton \W4, Giahain, Hester, 
and Levine 1940, Julianelle 1911) Accordii^ to Barber (1939) Ltslerella tills 
guinea pigs but nob pigeons , Ergstpelothnx kills pigeoaa but not guinea pigs 
In assessing these differences it must be remembered that the virulence of both 
orgamsms is subject to variation, and that nnless freshly isolated strains m the 
smooth phase are used the results of inoculation may be equivocal In general 
It may be said that both organisms give rise to a sepUcwaac infection, and that 
Erystpelolhrix has a tendency to localize m the skin, endocardium, and jomts, 
and Lxsterella in the liver, myocardram. and central nervous system Both 
Erysxpelothrxx and Lxsterella appear to be mow virulent in the smooth than m 
the rough form (Schoemng el al 193S, Barber 1939) 
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iBocnWtSon et EtsslptlMliTlx Into Animals 

SwijJE. — I^ffler (1886) who first isolated the BWine erysipelas baeiUos failed to 
reproduce the disease in swine with pure cnltiues. hut Schutz (18S6) later succ ee ded m 
doing 60 Broth cultures injected fubcutaneoasly proTed fatal to two pigs, one animal 
dying m 3 the other m 4 days , there were typical findings at the necropsy and the EtwiITi 
were recorered in pure culture from the blood and spleen, and from the pleura! and peri- 
toneal esudatea Artificial cultures rajudlv lose their \tndence for swine CoUtns and 
Goldie (1940) produced polyarthritis bv repeated intrayenous inoculation of cultures 
Id addition there was a focal infUmmatorv polrartentis, focal necrosis of the liver and 
myocardium lymphadenopalhy a monocytoaM, and endocaidiUs but skin k-sions were 
neyer found. 

The bacillus la pathogenic for nuce pt-wns and rabbits, but not for guinea pigs. 

3I1CZ. — O'OOl-O 1 ml. of a 24 hotira broth culture injected subcutaneously or Intra- 
pentoneally is usually fatal in 2 to 3 days During life the mice develop conjnnctiritis 
and their Lds become glued together with a moco-porulent secretion arc^z of the back 
IS very common, and constipation is usual Post mortem the vessels of the »bin and 
subcutaneous tissue are congested, the spleen is enlarged and the lungs are bnght red and 
(edematous. Bacihi are usually abundant in the blood and viscera they are found 
particularly withm the phagocytic cells, m which they appear to multiply (Tenbroeck 1920). 

PiGSOVs — 0^1-0 1 mk of a 24 hours broth culture inoculated intramuscularly proves 
fatal in 3 or 4 days as a rule Death is often preceded by paralysis of the legs dyspncea. 
and convulsions Post mortem there ts a black bxmorrbagie mass in the muscle at the 
site of inocnlatioa the spleen is enlarged (here are often punctifortn b-ymorrhago in 
the mucosa and viscera and there ts almost corutaotly a clear lemon yellow exudate 
IQ the peneardiiun (Crum 1914) The bacilli are fairly numerous m the blood and organs 

Ribbits ^1 5 ml of a 2-4-houn broth culture inoculated lotnyenously sometunes 
proves fatal in 2 to 3 days. A marked mdematous swelling or erysipeUtoiu rash develops 
m the injected ear and there is a nse in temperatme and a k» in weight Post mortem 
besides the rosy akin lesion there u congestioa of the viscera, and often a clear lemon 
yellow pericardial exudate there may be large luemorrhages uto the lungs. The are 
scarce If the disease is not acutely fatal, a monocytosis occurs, reaching its maximniu 
m 3 to 7 days In atumals dying about this time occas onal tinv focal necroses may be 
found m the Lrer and areas of mononuclear cell reaction mav be seen id sections of the 
spleen. Inoculation of the coujuiictiva gives nse to conjunctivitH which often proves 
fataL After subcutaneous inocnlat on death seldom ocyore 

Inocnlatioa ot UsterelU into Animals 

Fise — H ettcbe (1937) and Br unn er (1933) have shown that both freshwater and sea 
fish can be readily infected by feeding or by intapentoQeal inocnlat on with the bacilli 
The o^nisms are widely distributed m tbe tissoea and may be recovered after sereta! 
weeks They are- particularly abundant in the kidneys and are excreted in the unne 
The infecbon appears to be of the covert type the fish shoyong no evidence of illness. 

HlCE — Subcutaneous or mtrapentooeal inoculation of lOO mllLon living otganums 
of a highly vimlent culture causes death m about I to 4 davs During life conjunctivitis 
sometimes occurs At post mortem multiple tiny focal necroses are found scattered 
throughout the Lver The orgamams can be leadOy recovered from the spleen and heart 
blood. 

Eabbits — Intravenous moculation proves &tal m 2i boors or not for several days 
according to the dose and nmlence of tbe strain Aiunials surviving for some tune 
develop a monocytosis which reaches its maximum m about 3 to 7 days. Post mortem 
examination of animals dying after a few days reveals the presence of multiple focal 
necroses m the bver and rarely m the aydeen uid myocardium, \ecrosi3 of the supra 
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nnaJi common OoiniinnalU aWcsont in the m^ocitnlnim nml mflamtnation of the 
imningf* may l>o met with (w Hum 1033) AHcr intmi-iritotieal iiioculitioii much 
tl>eMmeU>«ionsarefomi(l,lut in aihlition then mb «<*«> fil niuusjxntorutw.witha* losses 
rontaininj; thick white pa* i» tin n^'c] «[> omentum llie orpinisnjs can rarelv l>e 
recovered from the bUwid gtMm ln*tilliition of » pure ciiltun. into the conjunctiva 
or S’# ablins of thocvtrtod lil pivw n^ctuascitn conjunctivitis uithin 24 hours followed 
bv krralilM, Ih* *njmal itaclf nrelj dw , 

GciNEi PICS, — ^Thewc animal* dm aft«r tnocuUtion with large doses The lesions at 
iiet.ro|isv arc similar to tho«t in mice The organism.* mtj !<• rccoverwl from the Bpleen 
AH'! someltmca from the heart llooil 

t’nicx ZMonio* — I'atc/aon (lWt>!') hvt shonii tiwt LulenlU give* n*^ to focail lesions 
on the chnno-alLantoie meml rune of chick rmtirvos 

Classification — In the Fry«i;WofAfir group three ppceie* wtre difi'irentutefl 
bj Ra'onbich (1009)— wiuri*e)i<im, port! and fry*t;v/oi</r« llicLinanii (19(.l9) 
however, pointcil out that the morphotogicil and cultural distinctions on winch 
llo*cnbach relied for differentiation were insuiBcient to serve as a means of claasjfi 
ration , and since he found that all three organisms agglutinated to the saiiie 
litre wth vnvmune «ra, and exhibited the same patliogcmcity to aiuniiv's lie 
concluded that they should be regarded «« belonging to a single «pecie? To 
thw the name iTryjiprfor^nr fAaeto/niMi(P is now commonly applied 

For the organism isoUteil b) Murray, Webb, and Swann (1920) and eilled 
tiou>coimnittvl(} bv them /hefmuut rnoaoryfo^rnr* I’ltic (1927) sug^tsted tin 
ginenc mine ii«tefW(a 111 honour of I/inJ I bter Apart from the ijjappo«ittnes* 
of this mime— l^Dfd liUtcf hwing neither discovered nor worVed with this orginiam 
— It was too promatiire, since at that time no thorongh comp.iruiou had been 
rrtade between /luc/ fnauacyfcff<n<‘f and f,fys^peUf^r^J‘, nhich it resembles in manj 
re«pe«.ts (Topic) and Milson 1930) 

Barbee (1939) and Julianelle (1911) have now earned out a comparative study 
of these two organisms, and tbcif observations seem to show that the relationship 
between them js even closer than was at first suspected Thus both organisms 
are small, Gram positive rod*, showing on citraordmary similarity m the morpho- 
logical and cultural appearance.* of tlicir smooth and rough forms Both have 
much the game growth ro»juirenients and much the same degree of resistance 
Both have a wide range of patliogenicitj for animals, and both occasionally give 
rise to disease in man In rabbits, eipenmenlal inoculation of either organism 
results in the development of a generalized infection accompanied by the appear 
ance of conjuuctivxtis and, if the disea«o is not acutely fatal, of a considerable mono* 
cytosLs , at post mortem focal necroses ate found in the liver Against these 
simflanties, it may bo said that Lt^ferella a fatter and is motile, attacks rather 
more sugars, is antigemcally distinct, and » fatal ccperimentaUy to guinea pigs 
but not to pigeons, m contrast to Frytiptfotinx which is fatal to pigeons but 
not to guinea pigs , v ,, 3 

Xo one who is familiar with iTsteiaatic bacteriology and who has observed 
sev oral strains of each of these organisms side by side can deny that the differences 
between them are less than those existing between different species of many other 
orgamsms classified m the same genus, as, for example, between aembera of the 
CorwHbactenum, PasleureVa, Baaltua. or ClMndium groups The differences 
l«tween ETusxpehthnx and LtslereOa are those characteristic of specific, not of 
generic, differences, and it seems to as to be doing violence to the principles 
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of bacterial taionomj" to classify them in separate genera Our proposal, there- 
fore, 13 to include them both in the Erynpdothnr genus, calling them Ery rhtisio- 
piOtia and Ery jnonocytogtnes respectnely It may be pointed out that in any 
case the name Listrrella is invabd, «m<» it was given to a mycetozoan by Jahn 
m 1906 (see Pme 1940) 


Eryslptlethrix rliiuIopaUiIs 

Synonyms ~B rAunojiatAKe nu Kitt , Erynptlolinx porn Rosenbaeh; B trys^ptlalis 

IsolalxoK . — Observed independentlr by ThmDierfPastenr and Tbnillier ISS3} and Loeffler 
(1RS6) in l&b2 

f/aiUot.— Found on the raneosas and tonsils of aince. 

ilorphdc^ —Smooth form Small, slender, straight or aLghtlv curved rods. 0 S 2-0 ft long 
and 0-3-0-4 /i broad. Arranged single, in graaP packets, in small groups, or in 
short chains. Roitgh form Long chains of bacilb and interlaced filaments of 
variable length. Stauuag is fairly tegular, but sometimes deeplr stained granules 
may be seen. Non raotOe Von «ponng, (iraffi poEitive 



Fiz CC. — rrynpcIdtJlrtz rlnaispotAia^ 

I/cft Smooth form. Fight Bough form. From a surfice agar culture. 3 davr 37* C. 
(X lOOO) 


Aynr Plato — 24 Aoars, 37* <7 Smooth form Kousd, convex, Uny, amorphous, water 
clear colonies, 0 1 mm. in diameter, with smooth glistening surface and entire edee . 
butyrons and easily emulsifiable increase la aw on further incubation. Eorjly 
farm ^tber larger and fiatter, 0-3-04 nun. in diameter, with a granular coded 
appearance and fimbnate edge , resembb mmiatuTe anthrax colonies. 

Ayar Slopt . — 24 kovrs, 37® C Very poor, partly confluent, aligbtlv raised, eolourless, 
transparent grow t h with an irregular surbee doe to imperfect fuson of individual 
colonies, and an edge which u very finely dentate or made up of single colonies. 
Practically no change on further incubation , growth may become slightly 
Tisoona. 

Gdatin Plates — Deep colonies m 3 or 4 days resemble anow-flaies, they are v«y 
small, but when magmfied £0 times they are seen to consist of a granular centre 
with branching threads radiating outwards. 

Gelattn Slai —Growth occors slowly and issubject to considerable varution, apparently 
depending to eome extent on the reaction of the medium. Hay be a timple 
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filiform growth ettr-nding to the bottom of thotuhe Usually lateral outgrowtba 
occur . these roaj be ill-deCBed tooUng like snow flakes nebiil-e or the con 
vcntional bursting bomb or they may be tUfinite branches producing a lamp- 
brush appceraoce. The outgrowths may extend for a distai ee of ontv 2 or 3 
mm from the aUb or they may reach the sides of the tube The smooth form 
lends to remain reatneted to the Ime of mocubtion while the rough form grows 
out btorall} No h<{uefsctioR The lamp-brush form may not be obtained till 
after 2 or 3 eubculiurca in gehtin. 

Brcii ~2t^ours ‘'moothfomt 5hf,ht nniform turhi hty with rcry slight powdery 

deposit disintegrating on shaking After a few days the broth may clear and a 
Tiscous deposit become CTulent /ou<;k/iirm I tttle or no turbidity Hoceuli 
of rarjnng site or tangled liair like masses of growth appear and settle on the 
SI lea or bottom of tlio tube , they are difficult to disintegrate by shaking 
Lof/^tr t Stnm.—'l Jaifs,2~* C ^ cry poor, eonfloent ahghtly raised colourless growth 
slightly better than on agar 
J/ocConl-ry « djar — No growth. 

PritaiA . — No niible growth. 

fffumw dyrr AAolr— \«rj tint colo«ie< throughout medium on first isolation there 
may be a Iwuil growth J«?l Im1>w surficr 
ilrndafics.— In broth cultures the bacilli are killed be 
moist heat at So* C. in IS minutes. In meal they 
are bighlyresistant to salting pckling and smoking 
sumrmg for 1 to 3 moRths, (hey are lilewi^u 
reautanl to putrefaction, remaining ahro and nr 
ulent for tnontlis in putrefying buned cadasers. 

Apfarentiv succumb readdy to drying, proiided 
this is complete. 

iJilaUittm — Vicroaerophihc but will grow under loth 
aerobic and anaerobic conditiona. Optimum tern 
peratnre for growth is 30* C. grows between —ErynptM) nx 

about IS* and 44* 0. OrowtEi faeoured by gtucron <A w 

and slightly by blood {Iwmojysfs occurs round form Surface col 

ilcetr c»ilonics in 10 per cent horse blood agar oi les on spar .4 hours 
pUlcs. ^ 

ill icl imeal —Sugar reactions are rariable Usually forms 

acid fa destroso and lactose, iwt iri maltose nisnnow riuimniwc mannitol 
lucroee destnn, iw oalicin L.M no change or very slight acid Indole negative 
MU negative \ I’ negative Nitrates slight reduction Catalase ± MB 
reduction negative Nil, ncpitive H,S i 
AnUgmxe Slrudure—lwixmx of two antigemo types eoeh [lOg.sfw.ing a heal-ntaWe 
specific antigen, and two Jieut-Jabile antigens that are present m different pro 
I«rtiona in Iho two groups utd are ttsponsiblo for cross-agglutinat on 

/’aMoscniary— OiuwsSHinecrysipetiawffwciw' and erjsipelwd » Man ETperimentally 
It Is pathogenic for mice pigeons andrallnts but not for guinea pigs A non fatal 
dow inocuktcd into rahUU gives nwi to » circulating monoevtosia tirulence 
fc r swine IS sal 1 to fall on artificm! cultivation No exotoxm is produced 

Erysipeloihrix monoeytoKCDes 

'""■"J Mel,!, .nd S.unr. . iulmlh 

M.to -lly Mumy, «.bb and S.«im (1020) ftom rebb.l, arms tom , MomI 
disease 

f/aii/a/ — tt idcsjiread animal parasite 
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ilorjAdogy — Smooth form Small, straight or sli^itly carved rods 0-8-2 "> /t long and 
0-5-0-6 n broad Arranged singlv, ui pairs side bj side, or in V form, in small 
packets, or in short chains Bongh form Long interlacing filamcnis some of 
whichshoirs^mentationintorDds FiUmenij are partinilar]} abandantincnlturcs 
at room temperature Slnggtsblj motile by polar, or according tcf some workers 
pentnchate flagella. Stains fairiy niuformly, but sometimes shows beadmg 
Non-sponng Gram positive 

Agar Plate —24 kourg, 37“ C Poor to moderate growth. Laving sliahtly acid smell 
lenQinscent of the acne bacQlos Smo€4h form Circular, low convex or convex 
amorphoas colomes, 0'2-0-8 mm m diameti^, with smooth mirror like surface 
and entire edge , almost transparent b\ traosnuttcd, greyish yellow by reflected 
light , butvroos m consistency and ea^r emolsiflable 43 hour* Slightly larger, 
0-8-1 0 ram ja diameter, with tendency to CTinkhng of edge Older colonies are 
up to 1 5 mm in diameter, and have a brownish slishtly granular centre and a 
translucent effuse penpherv with a flneU crenated margm , when magnified, the 
colony has a poached-egg appearance So^gh form 48 hourg leather larger 
than the smooth form, IS-20 mm m diameter flatter, with a matt sodace 
nmbonate centre, and a flnely fimbnate edge. After 5 dava colony may r^ch 
5 mm. in diameter, and show a small, emootK darker centre with a wide, more 
effuse, translucent finely granolar penpheral extension having a fimbnate edge 

Agar Slope — 24 hours, 37* C Thin, raised, confluent translucent growth with beaten 
capper sur&ce and finely crenated edge Growth becomes mom abundant on 
ftirther uicnbatioo. Pough fewm is sioulir. but shows a shgbtlr spreading edge 

Gtlalm S>ob — Slow, filiform growth, not hquefyutg the gelatin , narrow surface growU 

BrUh — 24 hour# 37* C Smooth form Slight to modente turbidity , wrth slight powdery 
deposit dismtegrating on shaking, no surface growth Pough form Little or 
no turbidity, wtth thread tike masaea of deposit that are difficult to disintegrate 

Horgg Blood Agor Plate — 24 hours. 37* C Orcular, low convex coloiuro, 0-7 12 mm 
m diameter, with smooth mirror like surface and entire or very finelv crinkted 
edge, milky wbte by reflected light. Colomesaresurroonded byanarrow zone of 
more or leu complete p hsmolyais. 

LoeffleT t Serum — ^2 days 37“ C Thin, raised growth, hke that on agar, with slightly 
beaten>copper surface and very finely crenated edee , no hquefachon, even after 
3 weeks 

2IacConley g Agar — 24 hours, 37* C Circnlar. convex, colourless colonies, 0-1-0-4 mm 
m diameter, with smooth surface and entire edge S days ><o increase in wtp 
or change in colour, but sodace (ends to be slightlv granular and edge slightly 
uiegolar 

Potato — 2 days, 37“ C Sbghtlr raised, grevisb white growth, with finelv granular surface 
and verv finely crenated edge. 

Glucose 4par Shale. — 2 day#, 37“ C Tiny coloniea ihrougbont medium, ibybeaband 
growth, on fiist isolation, ynst below surface 

Eestgtanee — Survives moist heat fiw 30 nunutes at 53“ C , but is killed within CO miontes 
Cultures re main viable for several months 

iletalotxsm — -ierobio and facultatively anaerobic Optimum temperature for growth 
30*-37°C , growth occurs between 20“ and 44® C Growth favoured by glnccee 
and liver extract and to a less «rtent by blood and serum § hsmolysis occurs 
around colonies on horse blood ^ar. weak soluble bsmoly-sin formed in broth 
cultures 

Biochemieal — Sugar reactions are variable Usually produces acid m glucose, maltose 
eahcin, mannose, rhamnose, and dextnn, and slowly or m only small amount 
m lactose, sucrose, and glvcerol LAL alight aad Indole negative 3LR. + 
VJ* ± Nitrate reduction negative itB reduction weakly positive nega 

tive NHj in serum peptone water weaklr positive Catalase -i- 
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AnliQtmc StnKtuTt , — Probably 4 types, diatingnisbed pumanlv on flagellar and eecon* 
danij on somatic antigens Typealand2havet^sanieHbutdiffercnt08ntigen3 
5^7*3 3 and 4 i-are each specific H and specific O ant^ns 
PaHnffenicify — Causes disease m a wide Tanety of aninjals, including occasionally man. 
Experimentally it la pathogenic for mice, rabbits, guinea pigs, but not pigeons 
Xon lethal dosea set up a mono^'tosia in rabtnt® Virulence often falls on 
artificial cultiration J»o etotoTwi is produced 
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Derrsinov JI;/aAaflenitm 

Sleodcr rods vluch aro st&iaed with difficulty but which when once stained 
are acid fast Cells are Eometunro twoUeo. clarate cnaeate, or eren hranched. 
Ivon motile Gram positirfc \o endospores. Growth on media slow Aerobic. 
‘^Tcral speaea are pathogenic to animals. 
l^T>e species is ifytobaderttim tub«mdo»\4 

The Acid tut Bacteria. — The acid fa«t bacteria are so called beeaose of their 
ability, when once stained to re«ijt snbseqoent decoloriration by mineral acids 
The degree of acid fastness ranea with different members of the group, and m 
any single member is liable to alteration with changed enrironment^ conditions , 
these differences are never so distmet or eo constant as to serve as a reliable means 
of differentiating between the members of the group 

The ffr«t member to be discovered was the Ujtrcay bacQlus m I8GS (see Hansen 
1874} In 1882 came the discovery by Eoch of the tnammaUan (uUrde bacilli 
The work of Smith (1693) 'lagedes (1893) Ravene) (1901) Eosse) ^^eber and 
Henss (1904 190 d) the English Royal Comnissioo (Report 1911), and Park and 
Rmmwiede (1910) during the years ISOS-ldlO, showed that these mammalian 
\ aciUi could be dmded mto two bfpes — tbe human and the bovine. 

The discovery of the onaii tvpe of tubercle bacillus was due laigely to tbe 
work of Rivolta (1689) Jlaffucci (1890 1692) Cadiot Gilbert and Roger (1890) 
Sibley (1890) and Straus and Gamaleia (1891) duiingtheyeaisl8S9tol&91 The 
work of Sibley (ISS9) BataiUon, Dubard and Terre (1897) bedoux Lel^rd (1898 
1900) Fnedmaun (1903) asdEasteT(190o)froml889tol9%Beivedtodiffereutiate 
a fourtb tvpe of tubercle bacillus — tbe cold-hlooded type In 1895 Johne and 
Frothingham described the o^amsm which is now known as /oAne’s bacillus, and 
which IS responsible for a chrome ententis in cattle The rat lepro^ bacillns 
was discovered by Stefansky (1903) in 1901 at Odessa Honng the years ISSo 
to 1906 a number of workers demonstrated the existence of the saprophyftc acid 
JaH bacilli — a group which though able, under eipenmental conditions, to give 
rise in mammals to legions closely amulating those of tuberculosis does not appear 
capable of causing a defimtely progreasiTe disease Amongst these bacilli the 
most important are (i) the butter baciUns butyricum — isolated by Rabmo- 

witsch in 1697 from 23 out of SO specunens of market butter examined in Germany, 
and ^iDce then by numerous other workers (Petn 1898, Eom 1899, 1900, Tobler 
1901 Beck 190cj Pellegrmo 1906), (n) Moellers Grass bacilli i and u. Moeller 
isolated his fir«t bacillus m 1693 from timotby grass (Phleum pnr/«iie) , hence 
it IS generally referred to as Mifcdbactenum phlei i or more famibarly as the 
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timotli}* gTa«s bacillus , liw second b-ualhis was isolated m 1899, from the dust 
of some plant material used ns fodder, (m) the Mist bacillus or A/yco slercori? 
this was isolated by Moeller in 1901 from a dung heap and hter from the fajces 
of cows, donkeys, and other hetbnom , it owes its name to the German term 
for manure (Mist); (iv) the Smegma bacillus, Ifyco smnpnatis this was first 
described by Al\ arez and Tai el in 18a>, bat «as not obtained in pure culture 
till 1897, when Laser (1897) and Craplcwali (1897) cultivated it independently 
This organism is present in varying numbers in smegma of both males and females 
it has been found m the smegma of dogs (Pellegrino 1906) 

Finally, m 1937 Wells isolated an acid fast bacillus from voles {Mierotiis agrestis) 
suffenng from natural tuberculosis This organism differs in certain respects 
from the other mammalian types, and is probably best referred to as the murine 
tvpc of tubercle bacillus or 1/yco tniiris 

We shall describe the tubercle and saprophytic acid fast bacilli together in 
the body of this chapter, but shall rcsena tb® leprosy, rat leprosy and Johnes 
bacillus for a separate description at the end 

Habitat — The tubercle bacilli are essentially pathogenic , so far as we know 
they do not multiply naturallj outside the animal body The human bovine 
and murine bacilli give rise to mammabm tuberculosis (sec Chapter 59) The 
avian type is found chiefly in birds, though it often infects pigs and occasionally 
cattle It IS aomctimes present in hens’ eggs (see Gloyne 1933) The cold blooded 
type IS responsible for dmeaso m cold blooded animals and fish The saprophj’tic 
acid fast Kacilli are found m such diverse surroundings as butter milk smegma 
grass, manure, and / oces , they ore also widely dbtnbuted m dust and water 
The presence of metal seems to fav our their growth and they can almost invari 
ably be found m scrapings from metal cold water taps (Drem 1909, Beitzke 1910} 
and metal wind instrnments (Jacobitz and Kayser 1910) They have been reported 
m cultures made from a gangrenous lung (Ilabmomitsch 1900) from human fieces 
(Alironescu 1901), from the tonsils (Marzinowsky 1900 Beck 1905) from the nasal 
secretion (Karlinski 1901, ''latchoux and ITalphen 1912) from the intestinal contents 
of insrct? (Pellegrino 1 900), from cow's rnilk (AJbiston 1 930) from a pleural exudate 
(Beaven and Bajne Jones 1931), from pus (Bruynoghe and Adant 1933) from 
sputum (Cummins and Williams 1933), and from blo^ (Tiedemann 1931 Schwa 
bacher 1933a) In view, however, of the frequency of acid fast bacilli in dust, it 
seems probable that some of these organisms gaimrf access to the cnitures by air 
contamination and were not necessarily present in the material from which they 
were apparently derived The leprosy bacillus is a specific parasite of man, and 
the rat leprosy bacillus of rats Johne’s bacillus infects cattle, and to a less extent 
sheep, in both of which it causes a chrome ententis 

Morphology and Stauunff —The acid fast bacilli are rod shaped 'orgamsms 
straight or sbghtly curved, with more or less parallel sides and rounded ends, 
they are arranged either singly, m small groups or bnadJes, or la groups of three 
or four with the individual bacilb lying at acute angles to each other, resembling 
diphtheria bacilli Their size vanes considerably according to the medium on 
which they ate grown In the animal body they are generaUy longer and thinner 
than m culture Their length is 1-4 p, but occasional forms as Jong as 8 ft are 
seen , in breadth they vary from about 0 3-06;. Long filamentous acad fast 
bacilli have been described, but it is probable that these belong to the Aclxno 
myces group (see Chapter 14) Numeroiis authors, however have stated that 
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tte tubercle baf Qli are capable of prodocmg filaments — particularlp in liquid aedu 
— bnt the«e forms are not encountered ondec ordinary conditions Clubbed forms, 
resembling the typical clubs of the diphthena bacillus are not tmcommon in cul 
ture branched forms have been de««nbed by some authors but are probablv 
infrequent except in the avian bacilb Staining is cither uniform or granular 
m the latter ty^ the granules may be restricted to the poles or they may be 
evenly distributed throughout the length of the bacHlus — the so^U^ beaded 
form In bacilli that appear to be undergoiog degeneration the stainmg is often 
irregular both in depth and in situation In young cultures it is common to find 
a certain proportion of non acid fast forms The morphology of the developmg 
orgam ms may be studied bv Prycc s (1911) sbde^U techmque of micro^nlture 
On the average human hacflli tend to be long thin and curved and to show 
granular staining wh3e bovine bacilli tend to be short stra ght and thick and to 
show uniform staining Their morphology howe\er is so vanable and is so 
dependent upon environmental factors that no weight can be attached to these 
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Glveetine egg-coltore 4 w«ki,3”*C„ *bo» Glrcenne nJttire 4 weeks, at 
lDgshort,(tm„litfonnsof bseillitx 1000) sbowisg some short straight forms, and 
sone I<mger ciirred forms ( x ICOO) 

entena m the identification of individual strains, ilurme bacOit, according to 
Griffith (194*’) arc slender and oAea longer than human bacilh Curved forms 
of the shepherd s crook sickle spiral and S*tvpe are abundant and characteristic 
Some ormmams show fine granulation and vocnolahon alomr th«r whole length. 
The acid fa«t baedh are Gram positive Stauung is not always easy bnt with 
a 5 per crtit solution of gentian violet in alcohol and aniline oil, aided by gentle 
wanmng it is usually po^ible to obtain ^atisfactorv preparations. Accordmg 
to Kretschmer (19M) the Gram poeitivene«a is independent of treatment with 
iodine and is closely bonnd up with the propertv of acid fa«tne»s. 

The organisms are resistant to simide solutions of the anilme dves. To overcome 
this difficulty several methods of staining baie been deiised Koch fir^t 

stamed the tubercle bacillus by immersion for 24 hours m an alkaline solution of 
methylene blue Ehrlich (1832) improved on this by us ng aniline oil basic fuck iii 
or anilme o 1 methyl iiolet By this means the bacHii were stained in 15 to 30 
mmutes and 8ub«equently resisted decotomatvon with 33 percent HNO* fora few 
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seconds He believed that the reasoa why the bacilli were re istant to ordin iry 
etams was that they were sarrouaded by a capsule which was permeable only to 
alkalies Ziebl (1882) showed that this conception was ivrong , the bacilli could be 
stained quite satisfactorily by a dye of acid reaction The stain he advocated was 
a 2 per cent alcoholic methj I violet solution in carbolic acid water Later Ziehl 
emplojed catbol fiichsm Neelsen increased the strength of pbcnol m the stain 
and the ZteM yeehen meiJiod is the one that is now usually employed 

It consists in covenng the film with carbol fuchsin (baste fuchsin I part ab«!oIute 
alcohol 10 parts, and 6 per cent phenol in water 100 parts) and gentlj heating till the 
steam rises , the heating la continued for 6 to 15 minntes the nater lost by evaporation 
being replaced by fresh stain The film is then «ashed thoroughly m water and treated 
with a 16-20 per cent solution of a mineral acid If the film is f^m a pure culture tl»< 
effect of the ncid wih be merely to di^olve the excess atam , but if a film of tuberculous 
pus or a section of tuberculous tusne is being treated the acid «ill turn the preparation 
yeHow, indicating that the stain has been ntmored from the tissue cells or from other 
organisms that may be present The treatment with acid is continued for 6 to 10 muuitc'* 
as a rule, tiU subsequent washing with water causes no more than a faint pink tinge to 
reappear The film is then thoroughly washed in running water to remove sU the acid 
It IS counterstamed with a 1 per cent aqueous solution of methvlene blue for 6 minutes 
after which it is washed and dned la the usual waj By this method the acid fast bacilli 
Arc coloured red while (he tissue cells and all other organisms are coloured blue Some 
workers prefer a yellow counterstain — nsually 1 per rent, picnc acid The success of 
this method depends partly upon the heat employed which renders the waxy material 
in the tubercle bacillus more permeable to aqneoos dyes and partly on the phenol w hicL 
acts as a mordant 


Xumeroiis other methods of stAimng have been described (Spcngler 1907 
Herman 1903, Ulan 1911, Borzelli 1914, Scbulte-Tigges 1920, Kieffer 1921 Shoub 
1923, Pottenger 1912) 

property of acid fastness appears to be due to the presence m the bacilb 
of unsaponifiable wax (Anderson 1932) This substance was apparently Erst 
isolated by Aronson m 1893 It was referred to as one of the higher alcohols by 
Bulloch and ilacleod (1904), and was termed “ mykol by Tamura (1913) The 
larger the arooont of chloroform soluble wax the greater is the resistance of the 
bacilli to decolonzation parzine 1932) The tnbercle bacilli contain more of this 
substance than the saprophytic acid fast baedli (Table 25), and are therefore 
usually more strongly acid fast The degree of acid fastness howe\ er, is dependent 
on a number of factors, and no reliance should be placed on it in determining the 
particular type of organism under investigation Not all workers are agreed on 
the ssmpie cheaiical exjJarutJon of acid fastness just irircn SordelL and Arena 
(1934) for example, state that it is a property of intact baciUi, and believe that it 
depends on the existence of a semi permeable membrane around the organisms 
which aUows fuchsin to diffuse in but does not allow acid fuch<un to diffuse out 
In formol fixed tissue sections tie bacilli often stain very poorly with Ziehl 
Neelsen According to Fielding (1934) this is due to the development of an acid 
reaction following autolysis of the tissues and can be overcome bj fixing in a 
weaUy alkaline solution of formol or by stammg with alkaline fuchsin 


a gmnuUs —’Much (1007) I nwght evaUiice to i.!.ow that under certain con lUions 
the baciiu raigiit m (lie tissues in the form of non acid fast ^nules Starting 

from the observation that m the rcdaitdU Doduke of cattle, ami in col 1 a!.sci^*« of man 
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it was oflen impossible to find acid last bacilh lo films eTcn thoagh the pirtsienceof tobercle 
baoQi ccmid be sboim bv mltnre and bv patbognucitj cspenments, he devised a number 
of different staining methods to determine whether haciUi of anv sort coold be demwi 
strated nucroscopicaHy The method that he found most snecessfnl was to stam for 
24 to 43 hours in anilme gentian viofet or cnrbcd methrl violet at a tempenitare ofS^C., 
to treat with Lnrols lodme solution and to decolorue a mixture absolute aln^icj 
andcloveoil,orbva^uteiau3eralaad a&daBuxtaceofalcobola&dacetone 
some mfliarv tubercles of a calf that had been mjected with virulent bovine bacilli, he 
faded to find any bacQli m preparations stained with Ziehl Neelsen , hut in preparations 
stained by his own method he fonnd large numbers of fine rods m the tnbmlea, often 
accompanied bv small rounded grannies arranged singlr m pairs, or m short ctmTu 
resembling beaded bacilli. The ro^prrponderatedan the necrotic portioasof the tubenrlca, 
the granules m the peripheral rones both were coloured violet snd both were numeroos 
withm the cells. Small pieces of the lung were ‘deeded on to the serum slopes, and men 
bated at 37^ C «mears were examined da3r In smears stained with Ziehl Neelsen no 
bacilli were fonnd for 6 days, when acid fast rods appeared but in smears stained br 
3Iach B method fine graDules and rods were risible after 3 daw Small pieces of the long 
mjected subcntaneouslr into gmnea pigs gave nse to generalized fiital tuberculosis m 
8 weeia acid fast bacdli were found tn the tissues of the dead animals Much obtained 
similar zreulta with other tafaermloas malmaL He cwtlnded that — (i) There i* » form 
of tubercle bacillus that u not stainable bv Z »hl. but u stauuble by Sfoch s method 
It IS grannlar (u) In tuberculous organs Hus granular form mar be the only stainable 
form of baciHua present (ui) The gnuitilar form may be acccmpaiued fine rods. whKh 
likewise do not stain with ^ehl. (it) The granular forms are rmlcnt (r) There are 
tratmtioQ forms between the Grsm -f gianaks, the fine Gram -i- rods, and the and fast 
rods and gtanules * 

For a long tune comparatirelr littk atteatwo was paid to Much a work but of late 
years a nTtjnb« of obserren bare studtfd tbe growth of and fast bacQb in rutable culture 
preparations, and hare demonstrated the presence of granular forms eimilsr to those 
deacribed br Jluch. The mterpretatioQ of tbeae forms, however haa given nse to con 
tr orer ^ T TThOe Sweanr (192$) and Kahn (1930) hold that they represent a sta'm m the 
Lfiscrcle of the bacilli, Oerekov (193*) beberes that they are products of degeneration. 
The bundles of estremelc fine rods that Kahn described as fonnmg part of the Ufe-cyde 
are interpreted br Onskov as crystals, farmed partly from the medium and partlv from 
baciUarv products Accmduig to kegian and Porter (1944) many of the nou-acid last 
femns are frank artefacts resulting from trauma to the organisms during the preparation 
of the film There observers find that destnictioD of the integntv of the ceD is accom 
panied by a lore of the acid fast stammg propoty Young organisms are mote readilr 
destroved than old and the greater the effort spent m ■fucading the growth with a spatula 
on the slide the more numerous are fbe non-acid but rods and granules seen microscopically 
The naero-motioii pictures obtained by Wydsoff (1934) and Wyctr^ and Snuthburu 
(1933) show that the young bacQli increase in oze before dividing but that, as the culture 
ages, dinaon contmoes without pienous enlargement. The resulting organi ms, there- 
fore become shorter and shorter till true cocemd form* staining mtenrely and fa*t 
appear Transplanted mto a fresh medium, there ■hort forms acain give nse to tvpical 
baciQi. The sequence of evoits is so sunilar in general outline to the behaviour of non 
aad fast bacteria that there seems no justification for postulating the existence of anr 
special cycle of development, 

KQtroMe Forma of Ihe Tuberelr Bociffas — Qoeely connected with the presence of Much 
giannlea is the existence of the so-called filtiable fonm of the tubercle bsctUus. Since 
Fontes (1910) ongmal observation, Bumerons workers bare claimed to demon-trale 
under appropriate conditions the presence of filter pairing forms possessing a low degree 
of pdthogenicatv for guinea pies and coosbtiiting a special stage in the hfe-cvele of tfce 
organism This subject was renewed in the second edition of Topley and ^Vilson (pp 
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201-3), and tin? «>ncIu«ion reached that no aatia&ctory evidence had been brought forward 
to prove the existence of sucli forms Tbo more recent findings of Soltys and Taylor 
(Jhll) support lliLs conclusion , and there wems no juslifioation for considenag at length 
the significance of oh«er\ ations that were almost certainly the result of faulty techmquo 
Chemical Structure ol Acid-Iast Bacilli. — Largely owing to the work of Anderson 
and bis colleagues (1927 et scy ) at Yale UmaersiCy, valuable mformaCion has been 
obtained in recent j ears on the chemical structure of the mycobacteria Large 
quantities of bacilli of different types, grown on Long s (192G) synthetic medium, 
were extracted with a mixture of alcohol and ether, and the resultmg extract was 
treated with chloroform and with acetone In this way the lipoid material was 
<eparated into three fractions, connsting of glycerides phogphatidcs, and wax 
The alcohol ether extract nUo contained a considerable amount of polysaccharide 
end some basic compounds that coubl bo precipitated b) HgCl, and by pliospbo 
tungstic acid The results of the fractionations arc given m Tabic 25 
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It will be observed that the total lipm content was highest in the human type 
of bncillua and lowest in the ^apropbytlc acid fast bacillus The polysaccharide 
content, on the other hind, was BTranped m the reverse order Further analysis 
showed that the pliosphohpins contained saturated and unsaturated fatty acids 
and gljccrophosplionc acid , moreover, on hydrolysis they yielded large amounts 
of water soluble carbohydrates, of which mannose and inositol seemed to be the 
two most important Besides palmitic, linoleic, and Imolenic acids, there were 
two fatty acids of special interest One. which was optically active and isomeric 
with cerotic acid, w as termed phtbioic acid , the other, wbch was opticaUy inactive 
and isomeric with steano acid, was termed tuberculosteanc acid Of the waxy 
material, one portion was purified and found to be a white powder melting at 
200°-205“ C , the reuwinder formed a yellowish salve bke mass which was called 
“ soft wax ” The purified wax yielded on hydrolysis about 56 per cent of un 
saponifiable wax , tins corresponded to the higher alcohols of previous workers, 
and proved to be acid fast The purified wax also contained polysaccharides which 
on hydrolysis yie1cle<l a number of sugars including mannose, d arabinose and 
galactose (see also Gough 1932) The “soft wax” appeared to be a complex 
glycende From the acetone soluble fat of the human tubercle bacillus a yellow 
pigment was isolated This pigment, to which the name phtbiocol has been given, 
IS one of the hydroxynaphthaquinones. and ts the tmdant of a reversible oxidation 
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rednction system whose E'* is among the lowest reported for sr«tems of biological 
ongm (Ball 1934) The pol^cchandes in the ether extract were sppirentlr 
different from those m the phosphatide or wax, 

A. mtrogen free and phosphoms free polj^cchande was prepared by Hooper 
Renfrew and Johii«on (1934) by alkaline hydrolveis of the acctvl prodnct of the 
cmde carbohydrate from a protein free nltrafiitrate The molec^r weight of 
the pure polysaccharide has been estimated bv Seibert Pedersen and Tisehns 
(1938) at 9000 

Besides the hpoid material and the polysaccharides acid fast bacQIi contain 
proteins that are solnble in water Prom cnltores of tubercle bacOli on synthetic 
media Long and Seibert and their coUcagnes (1926 1928) isolated Tanons proteins 
of which one appears to be the actire principle of tnbercnlm. In this country 
Gongh (1933) obtained evidence of the presence in cnltnies of human tubercle 
bacilli of two proteins having different chemical and immanolog^cal characters. 
The later work of ^fenzel and Heidelberger (1933) who fractionated the residue 
of frozen and dried bacilli after extraction in the cold with acetone and ether, 
revealed the great complexity of the proteins m the lod fast hacflli- Differences 
were noted between the proteins of sapiopbvtic and fast baciD] avian bac3b 
and mammalian bacilb At least three antigenic components were fonnd among 
the proteins separated from bacQIi of the human type. The protein fraction 
PPD b3 which appears to be responsible for the tuberculin reaction was found 
hr Seibert Pedersen and Tiselios (193S) to have a molecular weight of 16000 
and to contain 4 4 per cent of polysacehande and 3 per cent of nncleie acid 
Further pnnfication by Seibert and Glenn (1941) result^ m the redaction of the 
nncleie acid to 1 2 per cent and of the molecular weight to 10500 

The eeUular Ttacl\on$ to the vanoas fractions extracted from tahenle badlli 
have been studied for many years by *Jabin and her colleagues (for references 
see Sabin 1938 and Sabm and Joyner 1933) They may be summarued bnefiy 
as follows 

Foot types of reaction have been noted (e) cxndatjan of ceutrophiks from the blood 
vessels to the tissues (6) etunniation of the phagocytic mononnckac cells of the Usiues . 
(e) mnltipheation of fibroblasts and (d) local increase m lymphocytes. The polysac 
chande when introduced into the bssoes of snitable animals called forth neutrophilcs 
from the blood vessels but had no farther action The hpins, in addition to evoking 
this react on. stimolated the phagocytic monomM^ear cdls of the tiasnes. kflet m}tctTOn 
of the phosphatide fraction tubercles developed coruistin" of epitheho d cells anil of their 
mnltinacleated derivative the lAi^hans giant cell caseation sometime# followed The 
waxes higher alcohols, and bTdroxy-acids led to a moltiphcation of monoevtee and tbeir 
fusion into giant cells of the foreign body tvpe The reaction to the pioteua was mote 
complex They gave rise not to one tvpe of the phagocyt c mononudear cell, but to 
every t -pe. Thev induced the formation of monocytes, of stimulated monoevtes of 
macrophages of epithelioid cells su^H and in tubercles, and of giant cells, both of the 
Langhans and the foreign body tvpe The degree of complexity of the reactioD was 
least with the solnl le proteins and greatest with the insoluble \ coasalent increase 
m fibroblasts was found only after the inject ou of a wax like fracticm isoLited from a 
saprophytic acid fast organism The new fonnatiOQ of lymphocytes was ob«erv«d irregu 
larly after injection of the phosphatide and protein firactiona Reactioivs m eeneral were 
greater in tuberculous than m normal smmals 

The polysaccharide is non tone on mtraTHioas injection into rabbits (Sabin d aL 
1931) but like the protem it may play a part in the phenomenon of allergy It reacts 
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with a precipitafmg scrum though it is incapable of calling forth the production of anti 
bodies {Lsidlaw and Dudley 1925 Mueller 1929) The purest protein fractions appear 
to be practically non antigeme , the fractions with larger molecular weight give nse on 
mjeetion to antibodies (for review 8 see Wells and Long 1932 Anderson 1932. Sabm 1932 
Calmette 1936 Seibert 1941 1944) 

Colhiral Reactions 

The acid fast bacilli vary in the ease with which they grow under attiGcia) 
conditions At one end of the scale are the saprophytic acid fast bacilli and the 
cold blooded tubercle bacilb, which grow well jn 2 op 3 days on ordina^ media 
at the other end ate the mammalian tubercle baciUi, which grow only on special 
media, and which may take 2 weeks or more to fonn a layer of growth visible to 
the naked eye , in between come Uie avian bacilli, which grow poorly or not at 
all on ordinary media, but which give a good growth m a few days on glycerinated 
media The most satisfactory media for cultivation of the tubercle bacilli are 
inspissated serum, coagulated egg and potato The addition of 5 per cent glycerine 
to these media is of great value enhancing the growth of all acid fast organisms 
with the exception of the munne and partial exception of the bovine tubercle 
bacillus Its incorporation m nutrient agar or m broth renders these media 
suitable for the growth of human and bovine bacilh and, except for the munne 
type, greatly improves the growth of other members of the group 

One of the striking characteristics of the acid fast group is the fnable tenacious 
consistency oi the growth, and its adhesiveness to the medium Thisisendentnot 
only m the process of subcultoriag the organisms when a stout platinum loop 
has to be used but particularly m endeavouring to form a suspension of the 
organisms in saline or other duxd Instead ol giving rise to a uniform turbidity 
they settle m granules *10 the bottom and leave the supernatant duid clear , to 
produce a homogeneous suspension they must be ground up thoroughly in an 
agate mortar — a process that may take anything from half an hour to several 
days to complete Similarly, it is difficult to make a uniform film of a culture 
for microscopic examination , even with a stout platinum loop it is impossible 
to break up the growth completely, and the film remains granular As a rule 
the most difficult growths to emulsify arc those of the human and bovine types 
growths of the other types usually present less difficulty Sometimes a creamy 
almost butyrous, growth is formed by members of the avian and cold blooded 
types, which can be emulsified rapidly , but even with these euspensions the 
dismtegration of the bacillary clumps is rarely complete , against an fllurmnated 
dark ground a fine granularity is visible to the naked eye 

Another feature that is commou to all the tubercle bacilli, though not to the 
saprophytic acid fast bacilli, is the rather pleasant, sweet fruity odour of their 
cultures This odour, so far as we know, is peculiar to the tubercle bacilli , it is 
developed on all the usual media in which growth occuta both solid and liquid , 
and 18 most readily detected in tubes that have been corked during incubation 

In studying the cultural reactions of the acid fast bacilli it is important to 
realize that, on first isolation the reactions of a given organism may seem to be 
anomalous It is often not till two or three generations, and sometimes more, 
have been spent in artificial media that t! e characteristic reactions of the type 
develop Thus a cold blooded bscillos when first isolated may grow very poorly 
—almost hke a human strain— but in 3 or 6 months m the laboratory it will become 
accustomed to its new surroundings and instead of giving a jioot discrete growth 
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on glycerine egg m 4 weeks it will give & profuse confluent growth in 5 or 6 
days 

Coltoial DiSerentiahoa between the Human and BoTme Toberele BaeOlL. — For 
differentiating between the human and bonoe types of tubercle bacilli it is desirable 
to seed a number of different media — «enini glycenne serum, egg glycerme egg 
glycerine agar glycenne potato and glycenne broth — with the organi'ms to be 
tested preferably as soon after then isolation as posable To obtain the maximum 
differentiation the organisms used lor «eedicg should never hare been grown on a 
medium containing glycenne It is advisable to inocnlate two or three tnbes of 
each medium and to seal the tubes so as to prevent evaporation For examining 
the growth in glycenne broth fla»ks ate most suitable so that a Urge surface of 
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medium is expo'cd to the air Rapid methods of diff^erentiating tubercle bacilli 
are to be regarded with caution The method for example described by Jensen 
(1932) which claims to yield a Ir^u]t withm 4 weeks is open to several objections 
Though possibly givn^ a high propoition of correct answers in experienced hands, 
it will not commend it-^lf to those who realize how much bacteriology has suffered 
lu the past from the use of faulty or inadequate tecbmque 

On all media the growth of the human type is greater in amount tbau that of 
the bonne type for this reason the human type is called eugomc the bonne 
type dysgonic Oo media contammg no glycenne such as coagulated «cTum or 
egg the superior growth of the human bacillus is barely evident but on media 
contaimng glvcenne it is most stnhmg The effect of glycenne on growth is one of 
the most important of the difierentml characteristics , glycenne favours the growth 
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of the human type, hut has little or no effect on that of the hovme tj-pe (Figs 
70 and 71) Thus on gljccnne agar the homan bacillus gnes a thick confluent 
wrinkled growth, while the boMne baetllas gises only a poor, effuse ground 
glass growth or may fail to grow at all On glycerine, potato again the human 
bacillus gi\es a raised confluent, wrinkled or warty growth, while the bovine 
bacillus gives a poor, often discrete, effuse growth , and similarly with the other 
media 

Another point of distinction is that the human type often forms a yellowish or 
orange pigment, whereas the bonne type neier does The pigment is noticeable 
only on batches of serum that 
ha\ e a nch yellow colour For this 
rea«oD the ■'Mum should come from 
an old cow, pale scrum from a 
young cow, or from another species 
of animal, is o«eless On a golden 
yellow serum the humau type often 
produces a nch jellow or orange 
yellow growth , the bonce type 
g»\es a non pigmented growth 
On a scrum coloured only slightly 
yellow the growth of the human 
type IS cream or light yellow m 
colour The differentiation of the 
human aod botine t)pes may tale 
months to complete , often when 
the organisms are first isolated 
they grow terj po«fIy, and Jt is 
not till they ha\e become accus* 
tomed to saprophytic conditions 
iiiat thej gjie tie best grotrths of 
which they are capable 

Cultural Siffereotution ot the 
fllortne from the Homaa and Bonae 
Bacilb — ^The murine type as cx 
emplified by the >ole bacillus, 
grows much more slowly than 
either of the other two mammalun 
types, taking four weeks or more 
to form colonies szsible to the 
nakedeyeonegg medium Littleornogrowth occurs m primary culture on media 
containing glycerme, and even in snbcultnte growth is poor Unlike the other 
two tjpies, the murine bacillus grows m plain tiypsimred broth producing film like 
colomes on the surface and a fine deposit It grows likewise on potato without 
glycerine 

Cultural Differentiation between the Hainan and Avian Tubercle Bacilli.— 
W hen first isolated from lesions m birds, the avian bacillus may closely resemble 
tbe human bacillus hut as a rule after a few generations m the laboratorv it takes 
on a more rapid and Jmunant growth, so that differentiation on cultural grounds 
alone is rendered possible There are certain aviaa etrams. however, that remain 
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penn'inentlylile thehumao tjpe , on solid media tbe^ strains are mdistinguisLa'bk 
from human strains, but difTereBtiatiOD is generally possible by the gronih in 
glycenne broth , m this medium the homaa bacilliu lorms a Ihicl wrmhled surfaw 
pellicle (Fig 72), whilst the amn baallos grows at the bottom of the 6asL forming a 
granular deposit, or ^metimes spreading ont m a % eil bLc manner over the bottom, 
and part way np the sides of the flash Occasionally the amn bacilli girense to a 
difluse turbidity in broth Why it is that some bacilli grow as a pelhcle on the 
surface, others form a vci! over the bottom, while still others grow diffusely, is 
not Imown It mav depend on the oxygen pressure most smtable for growth, 
or, as some workers think, on the snrface tension of the medium By lowering 
the surface tension to below -12 dynes, Larron (1926) states that it is possible 
to mduce orgamsms, which n^nally form a snrface pellicle, to grow diffusely 
or at the bottom of the flask 

^lost aman strains grow more rapidly and more profusely than human 
otrains, and tend on solid media to give a more creamy, homogeneous, and 
less granular growth than that of the hamaa bacillus (Fig 73) Though growth 
13 favoured by glycenne, it is possible to get the avun bacillus to grow on 
simple media lile nutrient agar or broth without the addition of anv glvcenne, 
this IS more difficult with the bnman bacillus Another pomt of difference is 
that the human stnnns do not grow at a temperature above iO® C • whereas 
the avian strums will grow up to 43*^ or 45* C A point of not much im- 
portance IS that avian cuUnrea generally live longer than bnman ones , ihev 
may be found noble after 1 or even 2 years , hnman cultures are often dead 
m a couple o! months, though occasionally they may sumse for mneb longer 
Another point of email importance is that a few snan strains when grown on 
glycenne egg medium give s faint pink-coloured growth , hnman hacillt sever 
give a pink coloration 

Coltnra] Diflerentiahon between the Avian and Dold-blooded Tnbercle BacfllL — 
In culture the asian and the cold blooded bacilb re?emhle each other closeir On 
first isolation they ran easily he distinguished by thedifference m their optimum 
temperatures of growth the avian baciUos growing b&>t at about 40*C , the cold 
blooded at 2ci* C After prclooged subcnltore in the laboratory this difference 
IS partly obLterated the cold blooded bacillus comes to grow quite well at 37*0., 
though the anan baciUus will rarely grow below 30* C Practical differentiation 
can therefore be made by growing the organisms at 2o* C , if growth is as good at 
this temperature as at 37“ C , the strain is a cold blooded one , if growth occurs 
freely at 37“ C , bnt fails to occur at 25* C , the strain is an avian one Apart 
from the differences in optimum temperature there are no dedmte cultural char 
acten'itics distinguishing the two tvpes, except the pint coloration of certain avian 
strains when grown on glycenne egg Mmor differences such as the worm-cast 
growth of the cold blooded type on glycenne potato, and the denser nature of the 
growth on the bottom of flasks of glvcenne broth are not sufficiently constant to be 
reliable As a rule the cold blooded bacillus grows more rapidly than the avion 
bacillus , cold blooded strains often give a definite layer of growth in 2 or 3 davs 
growth of aviau strains is often not visible for 4 or 5 days 

Cultural Charactenshcs ol the Saprophytic Acid-fast Bacilli. — These organisms 
grow rapidly at room temperature givii^ nse in 2 ot 3 davs to a profuse confinent 
growth Different strains vary in their enltoial reacbons, but on the whole their 
appearance on solid media is ve^ eharactensbc On glycenne agar Uiere is a 



VARJATJON 


415 

luTunaut, rjHetJ dry growth jvHtMr, pink or brick red in colour, with a coarsely 
graniil ir surface, resembling dry bread crumba (Figs 74 and 75) This growth is 
Unlike that of nnj of the tubercle bacilli A few strains however, are non pig 
mented In glycerine broth some ptrainsgive a turbidity, but most of them do 
not , there is generally a surface growth which may be thick and wnnkled like the 
human tubercle bacillus thick and coarsely granular or mote tfun and dejicate 
a deposit of granular material is usual Growth occurs in gelatin, but no hguefac 
tion is produced The optimum tempetatnie of growth vanes, but is generally 
in the neighbourhood of 37* C. ADstrainagrowfreely at room temperature several 
grow at 45* C , while a few multiply even at 55" C (see Schwabacher 19336) 



lio 7i —Jilyeo luUrev Fio 71 — Mjko elertoru Fio 75 — JHyto pMetl 
!ont <Mmt bacillus) Glyctriae agsr 3 weeks 
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Variation — The phenomenon of vanation m acid fast bacilli has occupied the 
attention of large numbers of workers m recent years The field is a wide one 
but so far the results of exploring jt have not been fruitful Many contributions 
to its study have been pttrely desenptire, sod have been made without any apparent 
realization of its biological significance The terms used by different workers to 
denote the vanantsthey have observed have differed so widely that the nomeu 
clature is m a state of the utmost confusion Changes in virulence have been 
postulated on inadequate grounds and attempts to measure small differences 
in virulence have often been confidently praformed with numbers of animals quite 
insufficient to provide a defimte answer 

One of the chief difficulties in work of this type hes m distinguishing 
between fired and environmental variants Our own experience suggests that 
a great many of the so called variants are nothing morfe than adaptations to 
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ciaDged conditions If, for example, a snspession of tnliercle baciDi is mocu 
lated «imultaneoo«ly id equal qoantities on to a number of different media, 
quite a variety of colonial types mil dcfv^op (Fig 76) If tbe different types are 
picked off and inoculated all on to the same medium, complete sumlanty of colomal 
appearance will often tesolt, indicating that no fundamental biological change 
has been effected What degree of fixity variant types may haie it is reiy 
difficult to ascertain, and we bebe\e that before farther progress is possible, a 
very careful study of the limits of transient environmental variation will hare 
to be made IVithont expressing any opinion on the degree of fixity of types 
or of givmg a critical review of the extensive bibliography that has grown up 
on the subject of vanation, we shall confine onrselves to describing two mam 
types possessmg correlated morphological and cultural appearances 



Fio 76 — Jfyco JutcmJon* — bonne tJT®. 

Surface colonies on three different media, inoculated at tbe same time &om the «ame sm 
pension and incubated under identical coDditionB 37 days, 3"’ C. The figure ifinstrates (he 
dependence of the colomal form on the nature of (he mrii nm. 

Left Modified Dorset egg medium Middle Egg yoli. medimn Right Egg yolk ^r 

rmvit nm. 

On Dorset or 5 per cent glycerol egg tnediuci many cultures of tubercle and 
saprophytic acid fast bacilli produce colonies that are either smooth or rough- 
In stroke cultures the smooth forms give nse to a moist butyroua growth with 
a smooth glistening surface, while the rough forms produce a dry, rather 
fnable growth, with a rough dull, and often heaped up surface, lookmg not un 
like dry bread crumbs (Fig 77) Bobbed np in water the smooth growth pelds 
a fairly homogeneous suspension, the rough growth a granular suspension Single 
colomes of the smooth form tend to be emmbr, convex, with a generally smooth 
surface and an entire edge , rough colonies are irregular m outline, are often 
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heaped up and convoluted have a loughisli granular surface and tend to be 
surrounded by a spreading penpberal extension (Fig 78) In glycerol 

broth the smooth forms maj grow diffusely throughout the medium they maj 
form a thm sniooth surface pclLcle or they may coier the bottom of the flash 
with a reticulated \eillike growth the rough forms usually grow as a thick 
wrinkled surface pellicle unaccompamed by turbidity Morphologically smooth 
strains consist of fairly long curved slender sometimes beaded bacilb lying more 
or less parallel to one another and occurrmg m bundles (Fig 79) , leas often 
they are rather short stout or ovoid bacilli staining evenly and arranged smgly 
or in groups (Fig SO) Rough strains on the other hand consist of rather 
short sometimes ovoid haciUi or cocco 
bacilli arranged in Chinese letter forms and 
in dense masses (Fig 81) This morpho 
logical difference in the arrangement of the 
smooth and tough types is similar to that 
desenbed by Ivutt (192?) and Wi!«on (1930) 

{ot Saim munum and by Soule (1923) 
for B anilraai and B It has 

been well pictured by Scbwabachcr (1933t) 
and I\yckoff (1931) for saprophytic acid fast 
and cold blooded tubercle bacilli respectively 
It depends e«scDtiaUy on the mode of 
dtvisiou The bacilli of the smooth type 
separate completely after divu on and slip 
past each other so as to come to be m par 
allel The bacilli of the rough type ex^bit 
an angular divisioo tho organisms not sep 
antmg completely but coming to he at an 
obtuse angle to each other resembhogagreen 
stick fracture orforniing long tangled masses 
which become heaped up and convoluted as 
growth continues It is hardly necessary to 
add that many intermediate forms occur 
partaking of some smooth and some rough 
characteristics 

INTiether the smooth and rough types 
differ metabohcally antigcoically and in 
virulence it is impossible to say definitely 
at present Many workers assert that the smooth type of tubercle bacillus is 
more vimlent than the rough but further evidence is desirable on this pomt 

(References Petroffl927 Petroff Branch and Steenken 1927a b Petroffand 
Steenken 1930 1935 Kraus and (Jerlach 1929 Uhlenhuth and Seiffert 1930 Begbie 
1930 1931 Dreyer and VoHum 1931 Keed and R ce 1931a b Rice and Reed 1931 
Rice 1931 Toda 1931 Seiffert 1932 Schwabacher 19336 Seibert Long and Morley 
1933 Wyckoff 1934 Meiszner and Fraosnitz 1934 Steenken et al 1934 Birkhaug 
1935 Denys 1935 Shaffer 1935 Smithbum 1935 ) 

Resistance Acid fast baciUi possess much the same degree of susceptibility 

to heat as other non sponng bactena but a rather higher degree of resistance to 
chemical disinfectants. This behavionr u probably related to their content of 
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waxy substances, which are leas permeable to cold than to warm aqueous solutions 
There is evidence that their resistance is more or less proportional to the amount 



^urtace colonies of amocrlh ^<1 
rough forma. Petragrunj 
7 necks, 37* C 



of waxy material present (Sheo 1931) U<e is made of this diiTerestial susceptibility 
in uolatmg tubercle bacilli from contaminated material Treatment of sputum, 
pus, or other products, with 16 per cent antiformin or 15 per rent sulpbune acid 
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Fiq 80 — Glycerine egg 1 mouth 37* C , 
ebowmg fat orotd forms amnged indi 
vidualjy and ui groups Smooth type 
of morphology 


F^e 81 — Glycerine egg 1 month, 37® C . 
•hoviog mostly short irregnlarly stained 
rods and cocco-baciUi arrangM singly, 
ID Chinese letter forms and in dense 
clomps Bough type of morphology 


for 5 to 20 mmntea is often sufficient to destroy contaminating non*spormg bacteria 
without killing the tubercle bacilli, which can then be cnltivated on suitable media 
For the effect of relatively concentrated solutions of disinfectants reference may 
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be made to Calmette (1936) With regard to weaker solutions Douglas and Hartley 
(1934) found that a saline suspension containing 1 mgm of moist bovine bacilli 
per ml was stenlizeJ within 24 hours by exposure at room temperature to 0 5 
per cent phenol or 0 02 per cent merthiolate Phenol m 0 25 per cent concentra 
tion failed to sterilize the suspension ux 14 days, whfle 0 1 per cent formol appat 
ently just failed to do so In out own experience, using the cultural instead of 
the animal inoculation method, 0 5 per cent phenol cannot be relied on to destroy 
all tubercle bacilli in 24 hours In milk tubercle bacdh are killed in 20 mmutes 
at 60” C , provided it is contained m a closed vessel (for references, see ilson 1942) 
In an open %essel a pellicle forms on the surface which protects the organisms to 
some extent, so that a few bacilli may escape destruction for an hour (Smith 1899 
Oerskov 192a, Meanwell 1927) In polluted water kept in the dark at room tern 
perature tubercle bacflJj may remain alive for at least 3 months (Bhmes 1935) 
while in soil or cow dung exposed on pasture land during the summer and autumn 
m this country they may remain abve and virulent for 2 to 6 months (Wilhams 
and Hoy 1930, Haddock 1933) The o^anistns are comparatively resistant to 
drpng, and provided they are protected from sunbght they may survive for 
months under smtable conditions In books contaminated with the sputum of 
tuberculous patients, they may remain viable from 2 weeks to 3J months (see 
Smith, C H , 1942&} Numerous experiments have been perform^ to test the 
action of light on tubercle bacilli (Rochaix and Cohn 1911, Mayer 1921 Caldwell 
1923, Etdinow 1927, Mayer and Owotski 1932, Smith, C R , 1942a) Most workers 
have found that they are rapidly destroyed, if spread in a thin layer by bright 
sunlight, or by ultra violet rays from a mercury vapour lamp The most effective 
appear to be the short ultra violet rays. Thus baolb suspended in saline when 
exposed m quartz Basks to rays of 2300-7620 A U , were blled m 10 minutes 
those exposed through window glass to rays of 3300-5720 A V were not com 
pletely l^led even in 1 hour Probably the rays shorter than 3300 A U ate 
the most lethal (Etdmow 1927] Blood, serum, and other proteins protect the 
bvctlb agamst ultra motet light 

Growth of tubercle bacilli m gljoenne broth la inhibited by the addition of very small 
quantities of certain aniUne dyes , tbna a oonoeotration of 0 0004 per cent thioflavuie 
or 0 0002 per cent methylene blue entirely prevents growth , smaller quantities have 
btlle or no effect Thymol is active in a concentration of 0 OW pet cent , meet metals 
in coUoidal suspension, however, arc inactive even in a concentration of 10 per cent 
(Karwacki and Biemacki 1025) 

Uetahobsm — The optimum hydrogen ion concentration for growth in 4 per 
cent glycerine broth is said by Ishimon (1924) to lie between the following points 


Human type of tubercle bacillus pH 7 4-8 0 

Bovine „ „ „ >> ® ^ 

Cold blooded „ „ »» ® ^ 

Rabinowitsch’s butter bacillus pH 5 7-8 5 

Timothy grass bacillus pS ^ 5-9 1 

Moeller’s grass bacillus ii pH 7 4-7 7 


Demby and Naslund (1922) found that growth of human and bovine tubercle 
bacilli m 3 per cent glycerine veal broth occurred between pH 4 5 snd 80, tbe 
optimum being pH 6 0-6 5 , their figures, it will be seen, do not agree with those 
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of Zshiinon, who foimdtbat the htuiiAn preferred a more alkaline reaction than the 
boTme baallos. 

The optimnin temperature for growth of the human, Wnne, murme, and, 
generallj the aaprophytio acid fast faadHi, is 37* C ; for the avian 40* C , and 
for the cold blo^ed bacillus 25* C The human, bonne, and amn types do 
not grow below 30* C , the cold blooded and saprophytic acid fast typ« grow 
freely at 20" C Many saprophytic acid fast bacilli grow at 45* C , and a few 
at 55® C 

The tubercle bacillus is an aerobe , it wiU not grow nnder stnctly anaerobic 
conditions. The optimum partial pressure of oxygen js said to be 40-W per cent 
for the human type (\ovy and Soule 1925) and 60-70 per cent for the anan and 
saprophytic acid fast types (Uga 1935) Novy and Soule in their very careful 
study of the respiration of the tubercle bacQlus found that COf had little effect on 
growth, and no inhibition occurred Id! a partial pressure of 60 per cent was reached 
Subsequent obsenations, however, by BockweU and Higbbe^er (1926) and others 
have shown that CO, is beneficial for growth. For optimal development it is 
desirable to mcubate cultures in a high partial pressure of coygen and about 10 per 
cent CO, A few measurements have been made on the oxygen uptake of the 
bacilh (Dieckmaim and Menzel 1932), and on the oxidation reduction potential 
established m pbo*phate bufi'er solutions (Aksianxew 1933) 

Moisture is an essential requirement of the tubercle baciUus in nf» For good 
growth to occur, plenty of condensatioo water — snpphed best by passing steamisto 
the tube before isoculatioo — and an abundance of air are eases^ Growth does 
occur m sealed tubes provided plenty of moisture is present, but it ceases after 
3 or 4 weeks 

The ^tet of glyoeune on the growth of the tubercle baciUos has bees the subject 
of much eoutroversy bocard and Boux in 18S7, worlong apparently with an 
avian strain, were the fir«t to notice the beneficial action of this euhstauce Since 
then it has been found that the addition of glycerine, generally m a concentration 
of 5 per cent , greatly increases the growth of aU acid fast bacilL with the exception 
of the murme, acd to some extent the bovine tubercle bacQlus. On this organism 
glycenne is not without effect , for it will enable it to grow — though very poorly 
— on agar, potato, or broth, on which no growth otherwise occurs. But the 
favourable action of glycenne on the bovine badUus is not to be compared with 
that on other ^pes , the addition of glyvcnne, for example, to serum or egg 
medium, makes no difference to the growth of the bovme bacillns, whereas it 
greatly increases the growth of all the other aud fast bacilli. 

The difference m the effect of glycenne on growth was made use of by Smith (19Clt-0o) 
m the elaboration of a test for distmgmshing between the human and bovine tyjcs. He 
Jbmid Ihat if bonne tubercle hscllb were frown at glfteizae broib, irk.vh had as 
reaction to phenol phthalein, the acidity giadoahy decreased, till after foil growth I'-td 
occurred the reaction was about neutral , lO cnltniea of human baciQi. on the other hand, 
after an uutial production of alkali, the reartioa gradually became acid again. That 
IS to say, the final reaction of a bovine culture was about neutral of a human culture 
decidedly acid This difference m the ivactioa carve of the two types of mtn^mnlian 
baalh has been mvestigated by numerous watlers, some of whom have confirmed, and 
some of whom have not confirmed. Smith’s observaboos 'Undoubtedly one the reasons 
for this discrepancy is that moet of the work was done before the days of accurate deter 
minabon of acidity by measurement of the H Km concentrahon was possible Smith's 
new, put bnefiy, was that the human ba«nUna was able to utilize glycenne with the con 
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sequent production of acid ivUereaa the Ijonne bacillus \ia3 unable to use it and so caused 
an increased hydrolysn of protein and an atUhne reaction ^Yhetber Smith’s view is 
correct or not, it is still impossible to say Tbe reaction curve of broth cultures is deter 
mined by so many factors, aueh as the prodncticm of KH, CO* anuno-acida and other 
substances, some of rrhich are volatile, and Bome of ahicb are not, that it is almost impos 
Bible to determine whether the production of acid la due to disintegration of the glycerine 
by the baoilh, or to hydrolysis of the protein malcnal Harden (1913) who made s 
special investigation of this subject, failed to obtain evidence of any definite distmction 
in biochemical behaviour between the human and the bovine types Kendall, Day and 
ITaller (1920). alio have examined the question raoro recently conclude that gtycerme 
probably exerts a sparing action on the protein constituents of the medium in cultures 
of the human, but not in cultures of the bonne typo , but as noted elsewhere (p 57) 
the existence of this protein sparing effect is very doubtful It is not possible to discuss 
this problem more fullj (for a fall discussion of the worh up to 1917 see Cobbetc 101 7) 
hut we may conclude that as a practical means of differentiating tlie human from the 
bonne bacillus determination of the gljcenno broth reaction curve is too complex for 
routine use 

Glucose seems to act in much the fiime way as glycerol (see KaulTmaun 1932) 
The growth of tubercle bacilli is likewise improved I>y the addition of extracts of 
acid fast bacilli to the medium , certain orgatusms, such as Johue s bacillus will 
not grow at all unless such an extract js added («eo p 441) The tubercle bacillus 
has been grown lu a number of synthetic media (aee Wells and Loug 1932) its 
growth u said to he increased by the addition of substances contaimng vitanun B 
such as yeast, and of orange tomato or cabbage imce (Uyei 1927) (but see p 66) 
Schmidt (1923) found 001 per cent of irpn chloride to favour growth but Davies 
(1937) had the oppo^te experience The effect of blood seems to be complex 
tubercle bacilli grow well in liquid blood particularly if lysed by saponm (Fiyce 
1911), but are generally inhibited by blood on the surface of a solid medium (Evans 
and Hanks 1929) Old potatoes that blacken on standing are mote favourable 
for growth than new ones that do not (McCarter and Tatum 1937) Saprophytic 
acid fast bacilli are said to grow jn a simple solution of inorganic salts containing 
neither carbon not nitrogen (Brnner 1931 Gordon and Hagan 2937) There is 
evidence that tubercle bacilli can oxidire certain fata, such as those of obve oil 
and butter (Sedyeh and Seliber I93T) 

Ptgmenl fToduclion is very variable On deeply coloured batches of ox serum 
the human bacillus often forma a rich yellow or orange yellow growth A pink 
coloration on glycerol egg medium is not uncommon with avmn strains and accord 
mg to Blacklock (1932) is sometunes given by rapidly growing bovine strains 
Cold blooded bacilli generally give colourless growths On the other hand, the 
growth of Dearly all the saprophytic acid fast bacdli is accompanied by the ptoduc 
tion of a yellow, pmk, orange, or bnck red pigment On Sauton s medium a green 
coloration is not infrequently observed with cultures of mycobacteria its mtensity 
vanes from strain to strain (Lange 1932, de Grobet 1933, Kraus and Koref 1935) 
Pigment formation seems to depend on * nomber of different ennronmcntal factors 
particularly the composition of the medium and the oii^gen supply Reed and Rice 
(1929) found that the addition of iron favoured its formation On a glycerol agar 
medium containing 0 02 per cent of feme citrate human, bovmc, and avian types 
of tubercle baciUi, and saprophytic acid fast bacilli all formed pigment of varying 
depth, whereas on the same medium without mm many strains formed no pigment 
at all Pigment production is not well developed at 37® C , it is best seen in 
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of Ishimori who found that the human piefeired a more alkabne reaction than the 
bovine bacillus 

The optimum temperature for growth of the human, boiine, murine, and, 
generally the saprophytic aad fast badlli, la 37* C , for the avian 40° C , and 
for the cold blooded bacillus 2o° C The human, bovine, and avian types do 
not grow below 30° C , the cold blooded and saprophytic acid fast types grow 
fteely at 20° C Many saprophytic acid fast bacilli grow at 45° C , and a few 
at 5o° C 

The tnbeicle bacillus is an aerobe , it will cot grow under strictly anaerobic 
conditions The optimum partial pre«<siiTe of oxygen is said to be 40-^ per cent 
for the human type (Novy and Soule 1925) and 60-70 per cent for the avian and 
saprophytic acid fast types (tJga 1935) Novy and Soule in their very careful 
study of the respiration of the tubercle bacillus found that COj had little effect on 
growth, and no inhibition occurred till a partial pre^ure of 60 per cent was reached 
Subsequent observations however, by Rockwell and Highberger (1926) and others 
have shown that COi is beneficial for growth For optimal development it is 
desirable to mcnbate cultures m a high partial pressure of oxvgen and about 10 per 
cent CO, A few measurements have been made on the oxygen uptake of the 
bacilb (Dieckmann and Menzel 1932), and on the oxidation reduction potential 
established in phosphate buffer solutions (Aksianzcw 1933) 

Moisture is an essential requuement of the tubercle bacillus in vtlro For good 
growth to occur plenty of condensation water->aupplied best by passing steam into 
the tube before inocolation — and an abundance of air are essential Growth does 
occur in sealed tubes provided plenty of moisture is present, hut it ceases after 
3 or 4 weeks 

The effect of glycenne on the growth of the tubercle bactllns has been the subject 
of much controversy bocard and Roux m 18S7, working apparently with an 
avian attain, were the first to notice the beneficial action of this substance Since 
then it has been found that the addition of glycerme, generally in a concentratioa 
of 5 per cent greatly increases the growth of all acid fast bacQll with the exception 
of the murme and to some extent the bonne tubercle baciilns. On this organism 
glycerme is not without effect , for it will enable it to grow — though very poorly 
— on agar, potato or broth on which no growth otherwise occurs But the 
favourable action of glycerme on the bovine bacillus is not to be compared with 
that on other types , the addition of glycerme, for example, to serum or egg 
medium, makes no difference to the growth of the bovme badllas, whereas it 
greatly increases the growth of all the other acid fast bacilli 

The difference in the effect of glyoenoe on growth was made use of by Smith (1904-05) 
in the elaboration of s test for distmguishiJig lietveeo the human and bovine types. He 
/onnd that if bonnp tuberrle IwiUi w«» grvwB jo gljtrnBB bfvtii whicj? iad as scid 
reaction to phenol phthalem the andrty gradually decreased till after full growth had 
occumd the reaction was about neutral , in cultures of human bacUh on the other hand 
after an initial production of alkali, the reaction gradually becvme acid again That 
la to say the final reaction of a bonne culluie was about neutral of a buman culture 
decidedly acid This difference m the reaction curve of the two types of inammaliaa 
bacilh has been mvestigated by numerous wotheiu, some of whom have ccnffrmed and 
some of whom have not confirmed Smith’s observations Undoubtedly one of the reasons 
for this discrepancy u that most of the wMh was done before the days of sccorate deter 
rmnahon of acidity by measurement of the Hun concentration was possible. Smith's 
new, put bnefly, was that the human baeiOos was able to utilize glycerins with the con 
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sctiuent product on of acid whereas the bonne bacillus was unable to u«e it and bo caused 
an increased hydrolvsis of protein and nn alkabnc reaction AVhethcr Smith s v ew is 
correct or not it is stdl impossible to say Hie reaction curve of broth cultures is deter 
mined by so manj factoi^ such as tl» prodnctioa of VJf, CO, amino-aeids and other 
substances some of w hich are volattle and some of which are not that it is almost iinpos 
Bible to determine whether the production of acid is due to disintegration of the gljccnne 
by the bacilli or to hydrolysis of the protein matcnal Harden (1913) who made a 
special investigation of this 8ub]ect> fa3cd to obtain evidence of any definite distinct on 
jn b ochemicfll behaviour between tJ e human and the bonne tvpes Kendall Day and 
Walker (19Xt) who have examined the question more recently conclude that glycerine 
probably exerts a sparing action on the protem constituents of the medium in cultures 
of the human but not m cultures of tl e bonne type but as noted elsewhere (p 57) 
the existcnoo of this protem sparing effect is veiy doubtful It is not poss hie to discuss 
lhi« problem more fully (for a full duenos on of the work up to 191" see Cohhett IW) 
but we may conclude that as a practical means of diffcrentivting the hurom from the 
bovine bacillus determination of the gljccnnc broth reaction curve w too complex for 
routine use 

Glucose seems to act in much the ftame vny glycerol {see Ksuffmnna 1932) 
The growth of tubercle bacilk is likewise improved by the addition of extracts of 
acid fast bacilb to the medium certain organisms such as Johne s bacillus will 
not grow at all unless such an extract is added (M>e p 441) The tubercle bacillus 
has been grown m a number of synthetic media (see A\ ells and Long 1932) its 
growth IS said to be increased by the addition of substances containing vitamin B 
meh as yeast and of orange tomato or cabbage juice (Uyei 1927) (bat see p Cd) 
Bchnudt {192o) fousd <K)l per cent of troQ chloride to favour growth but Davies 
(1937) had the opposite expeneoce The e0ect of blood seems to be complex 
tubewle bacilli grow well in liquid blood particularly if ly«ed by saponin (Pryce 
1941) but ate generally mhihii^ b^ blood on the surface of a solid m^um (Evans 
and Banks 1939) Old potatoes that blacken on standing are mote favomable 
for growth than new ones that do not (McCarter and Tatnm 1937) Saprophytic 
acid fast bacilli are said to grow m a simple solution of inorgamc salts containing 
neither carbon nor nitrogen (Bruner 1934 Gordon and Hagan 1937) There is 
evidence that tubercle bacilli can oxidize certain fats such as those of olive oil 
and batter (Sedyeh and Seliber 1927) 

Piffment prod^uction is very vanable On deeply coloured batches of ox serum 
the human bacillus often forms a nch yellow or orange-yellow growth A pink 
coloration on glycerol egg medium is not uncommon with avian strains and accord 
mg to BlacUock {1932} is sometimes giieo bj rapidly growing bovme strains 
Cold blooded bacilli generally give colourless growths Ou the other hand the 
growth of nearly all the saprophytic acid fast baalh is accompanied by the produc 
tion of a yellow, pink, orange or bnck red pigment On Santon s medium a green 
coloration is not infrequently observed with cultures of mycobacteria its intensity 
vanes from strain to strain (Lange 1932 de Grohet 1933 Krans and Kotef 1933) 
Pigment formation 'cems to depend on a number of different environmental factors 
particularly the composition of the medium and the oxygen supply Reed and Rice 
(1929) found that the addition of iron favoured its formation On a glycerol agar 
medium contaming 0 02 per cent of feme atmto human bovme and avwa types 
of tubercle bacilli and saprophytic acid fast bacilli all formed pigment of ^arymg 
depth whereas on the same medium without iron many strains formed no pigment 
at all Pigment production is no*- develooed at 37° C it is best «een in 
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cultnres that hare been incabated for fiome time at 3»* C and then ttaii«ferretl 
to 3 dark cnpboard at room temperature In this respect the acid fast bacllh 
resemble mo^ other chromogemc bacteria. 

The tnbercle bacQli do not secrete a tme exotoxin but endotonns are liberated 
on antoly^is of the bacilli in broth cultnres these appear to be of complex 
constitution and are more fnllj considered in the section on tubermbn (-ec 
Chapter 59) There is evidence that the endotoxins of all the acid fast haciUi 
are clo^ly alike positive reactions mav be obtained in animals infecteil with the 
mammalian tj^ by injection of tnberculin made from the homan boime aiian or 
cold blooded tvpe of baciDus (Ledoni Le! ard 1900 Wolbach and Em,«t 1901) 
Intravenous injection of killed cultures of the mammalian, and especiallv of the 
aiian tubercle bacilli is often fatal to rabbits Twort and Craij (1913) state that 
the smegma mist and timothy-grass bacilli are also toxic for rabbits, •whereas the 
cold blooded tubercle and the butter bacflb are relatiieir non toxic 

Biochesucal Beactions — ^eTy bttle work has been done on the b ochemical 
reactions of the acid fast bacQli. Fromn and Gmllaumie (1923o h) brought 
evidence to show that hnman and avian bacilli could break down glueo^ malto&e 
glycerol, and trehalo«e with the production of acid. ‘McTrill (1930) who worked 
with one hnman one avian three cold blooded and several saprophytic acid fast 
strains and who made qoanbtative estunabons of the sugar content of the medium 
before and after growth found that g!oco»e was Qtihxed by all the «traLos arabuio«e 
by all but one sucrose by <ome and lactose bv none The reaction however did 
not become aad nor did any and cleavage products accumulate Instead the 
medium became more and more alkaltoe damtg growth osnns to the produebon 
of \H| though the rate at which it did to was less than in broth free ^m vugar 
The conclusion was nached that the organisms osdiaed the carbchvdiutes com 
pletely to CO, and water 

Our own observations ba^ed on an incomplete «tndy of 7 cold blooded and 
36 saprophybe aad fast strains, showed that there was no detectable acid produc 
tion m any of the usual sugar media Litmos null was turned alkaline by the 
saprophybe aad fast but usually and by the cold blooded strainx In peptone 
water ammonia was produced m considerable ^oanhty Indole production was 
uniformly negative though Rabmowit-ch (1891) stated that it was sometimes 
po'ibve Catalase produebon was always positive H,S was formed in variable 
amount The reduction of metbvlene blue m broth was weak o’ absent The 
methyl red and Toges Pro«kauer reactions were coasistentlr n^itive. 

In TnilV tubercle baciUi are able to grow but thev produce in it no viable chance 

Antigenic Structure. By agglntmation absorption of aggintmins and com 
plement fixabon the acid fa«t bacQli fell into four serological types — maranralian 
avian, cold blooded, and saprophvtic aad fa«t — the human and bovme tvpes hem" 
indistinguishable (Tnlloch et of 1924 Camming 192o IViLon 192o Griffith 192o 
Forth I9‘’6 Klop«tock 1931 Kau ffmann 1932) Direct aEt’lutination is not 
snffiaent to differentiate between the diffiment types ab-orption of a'^’lntinins is 
essenbaL By this means it appears that there is an anbgen common to the human, 
bovine and avian types but that the avian typcalsoposscfcea an antigen which u 
not present m the mammalian types (WiLon 192a) Grlinberg (!93o) has reached 
similar conclusions on the basis of the preopibn test Wolff (1&2 d) concluded 
that by the ab«orpbon of agglubnins technique human and bovine strains could 
be separated but ins results sbll await confirmahon. According to Wells (1944) 
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the munne tvpe w serologically indistmgoisluiWe from the homaa and bovine 
types. Observations suggest that group specificity is determiDed by the poly 
saccharides, type specificity by the proteins (Seibert 1941) There 15 evidenct 
that the aiaan tj-pe may be divided seiologically mto a small number of ^ub types 
(\\ul£f 1925, Forth 1926. Schaefer 1937. Haipoth 1938) It is po'^sible that the 
cold blooded and saprophytic acid fa-t types ate heterogeneous but insufficient 
“trains ha\ e as yet been examined to affirm this definitely 

It IS noteworthy that serological methods are less valuable in classifying 
the tubercle biciUi than cultural methods the bovine and human hacilh can be 
easily separated by their cultoial reactions, yet serologically they form a homo' 
geneous group This affords an exception to the rale that serological eiammation 
IS a fat more delicate method of differentiation than cultaral examination 

Pathogenicity and Expenmeotal Infection 0 ! Animals — ^TJnder natural conditions 
the human tubercle bacillus gnes WaC to disca«e mainly in man monhe}“ pig« 
and occasionally m dogs and parrots, the bovine bacillus to disease m cattle, pigs 
hor<!es, man, and occaeioually dogs, cats andsheep, the murine bacillus to disease 
in voles and possibly other members of the family of ilundce the amn bacillus 
to disease in birds, and occasionally m pigs, sheep and cattle, and the cold blooded 
bacillus to disease m cold blooded ammals and fish Saprophytic acid fast baciUi, 
though occasionally isolated from the tissues, rarely seem able to pve nse to 
progressive disease (“ee also Chapter 59) 

The virulence of tubercle baciUi is subject to vanation Though usually %*irnlent 
on isolation, they not uiffe<iuently become more or kss avinilent during subculture 
m the laboratory Fery little exact mfonnatioo, however, based on an adequate 
cumber of ammt! tests, is available about the difference in I'lruJence of fre«hlr 
isolated strams of the same type, or about the factors that are re«ponsible for changes 
lu MrulcncG occumug in iifro or in tiro 

The experiments of ViUemm, recorded id 1868, form'hed connncmg proof of the 
trsnsmissibihCy of human tuberculosis to aounals Ufatenal taleu from differeot 
types of tuberculo«is in man— catarrhal pnenmooic forms caseous pulmonary and 
chrome pulmonary tuberculosis, disseminated tuberculosis, scrofula, sputum and 
the blood removetl from a tuberculous patient after death — and mtroduced beneath 
the “Lm of rabbits, was successful in setting up the disease in 27 out of 21 animals , 

3 of the 4 animala that did not contract tuberculosis died withm a week of erysipelas 
^ lUcmin also transmitted bonne tuberculosis to rabbits, and made the important 
obsen ation that mntenal from bovine tuberculosis set up a more rapid and more 
generalized disease than material from fanman tuberculosis, when inoculated into 
the^e animals Coniincmg thongb \jJJcDUD’a expexunents were, the final proof of 
the transmissihihty of the disease was not fuciushed till Koch m 18S2 succeeded in 
producing tuberculQ«i3 in ammals by injectioa of pure cultures of the tubercle 
bacillus In 1898 Smith brought evidence to show that bovine tubercle bsciUi 
were more nrnlcnt when injected into rabbits and cabes than human bacilli 
This difference was substantiated by other workers, m particular by Yagedes (1893) 
Raienel (1901) the Enghsh Boyal Commission on Tuberculosis (Report 1911), 
Kossel, IN eber and Henss (1904, 19(K). and Park and Krumwiede (1910) 

Cattle — Tlie snbenUneous injection of 50 rngm of bonne bacUti from young serum 
cultures mto calves sets up an acute, rajadlj generaliziag disease, provmg fatal in about 
6 weeks to 3 months. At neeropsv the mam features are a local lesion, focal glandular 
swelling and abscess formation, generalized glandular lesions, and lesions m the viscera 
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most extensire lathe lungs and spleen andkasexteosieeialbelirprandkidaeTB. Smaller 
doeesgirelessconstantresults. The intraTcnoos injection of even 1 mgm of honne baciOi 
prodares a seTcre and fatal tuberculoe^ Cattle mar likewise be infected with bonne 
bacilli br inhalation and feedmg 

The sabcutaneous injection of calrea with Aanvin bacilh m no matter what dosaire 
nerer gires nse to a prt^ressire disease At most there u a local abscces and swelling 
of the focal gbnds when the animals are kilkd after 4 or 5 months, thele< oiis are minimal 
and are often calcified The rntrareDous injectKm of human bacilli maj chose death by 
toxxnm with acute isfiltiat on and mdema of the lungs but their! is no true infection. 
The same toxaemia may be prodnced by tbe mtiarenous injection of an.-in baciSi and 
eren of the non pathogeme saprophytic acid last bacilli 

The intramnicular inoculat on of a calf with 80 mgm of monnt bacilh garc nse to 
a local abscess and to mconsp euous lemons lo the regional Irmphat c glands. Tlven 
10 mgm intrireno i 1y excited no more than a mild chrome retTOgiwairc tuberculous 
reaction (Cnffith and DaUing l^ltO) 

Tbe subcutaneous injection of calres with anaa bacilli m a dose of SOO tfigm produces 
no more than a local kaion with perhaps a caseons nodule m the nearest Innphatie gUnd. 
Intrarenous inoculation however of even 5 mgm. mar prove fatal in 2 to ? weeks. Post 
mortem there are miliary tubercles m the longs the spleen though showing no macrcecop o 
tubercles is enlarged and eontams great nombers of tubercle bacilli visible microscopicallv 
Costs —Bonne bacQIi moculated subcutaneonsly in a dose of 1 mgm. gire nse to a 
fatal generalized disease. Bumon baciBi, even in a dose of 100 mgm. cause no more than 
small retrogiessire le» ooa. Anon bacilli in a doce of 100 mgm- rarely give n» to pro- 
gressive disease on the other hand tbe animals may lematn ehroiijcall^ infected and 
excrete tbe bacilli is the mUk for a loi^ tune (Cnffith 1031) 

Sszz? resemble goats in being bighlv susceptible to infection with bonne barilli 
moderately susceptible to infection with avua bactUi, and resistant to iniection with 
Aumon bacilli. 

Pigs — Injected eubcutaoeouslv the Aonae type in a dose of 10 to SO mgm prodnccs 
rap dly fatal nuLary tnberculosis. The Aemon type m a dose of 50 mgm produces a local 
tee on with slie.ht disacmmation drum badlli mjected subcutaneooslv do not* gire nse 
to progressiTB disease but they may mnltiplv and be discrouiated through tbe internal 
organa, wbwe they remam nine for some constdevatAe tune \ oimg pigs ted intli Iwvme 
bacilli develop widespread diaease and generallv die when fed with human bacilli they 
may develop extensive glandular and pnlmonary disease Though the human bactUi cause 
revere and less extensive toberculons than bacilli of the bovine tvpe they are more 
pathogen c for p gs than they are for cattle 

Rabbits — Bonne bacilh injected subcntaneoasly m a dose of 0 1 10 mgm. prodneo 
a generalized disease fatal in 2 to 3 months. At oecropsv a local caseous lesion caseons 
focal glands, mnomerable httle grey tubercles with careating centres or larger irregnlar 
nodnles m the lungs numerous projecting hemispbencal nodules in th*- cortex of the 
kidneys, and tubercles m the spleen and hver are found. Given intrapentoneaDv even 
minute dcses such asO-OOOOOOOOI mgm of bonne bacilL are said to prove fatal in 2 to 3 
months (Cobbett 191") Intravenous injectioD of OOl-O-l mgm of bovme bacilli proves 
fatal m 3 to 6 weeks 

The subcutaneons injection of human m a dose of 1 100 mg-m. never causes fata! 

tubercnlosis. Human bacilh may however give nse to lesions m the lungs and kidneys. 
Usually the lungs contain a few email grey toberedes or caseons nodnles, and tbe kidneys 
show a few miliary tubercles in tbe cortex. But th* acute fatal milia ry tnbcrcsloeis seen 
after mjection of bovme bacHli never results from tbe subcutaneons injection of human 
baciQi. Intravenous and mtrapentoneal injectioiis are less reliable for purposes of dif 
ferentiabon OOl mgm of human baalli given utravenously rarely if ever proves fiital, 
but larger doses may give nse to a pi o greau ve fatal tlwaae. Doses of 10-50 mgm given 
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intrapcntoncally may Lke^nso prove fatal on owaaion. Extensive lesions in the lun^ 
and kidneys are often seen both ^ter intiavenoua and intrapentoneal injectioi (sec Ckibbett 
1032) The rabbit in fact possesses a considerable resistance to the human type of 
bacillus but not so great as the ox or the goat Rabl its are also fairly resistant to infection 
with murine bacilh Intravenous inocuL-ition of 0 1 to 1 0 mgm may cause death from 
acute nuliarj tuberculosis Smaller doses 001 lUgm intravenously, or larger doses 
subcutaneously, produce tnvial lesions and the bacilh gradually die out an abscess 
in the lung howe%cr maj provide a nidus in which tl» bacilli may Lve for a long time 
The avian Bacillus is leas virulent for rabbits than tha bovine but more virulent Iban the 
human bacillus Subcutaneous mutton gives use to a chrome disease intrapentoneal 
injection of large doses to a rnpidlj fatal peritonitis and intravenous injection to an 
aeutelj fatal infection The fnacroseopic Wions caused bj the avian bacillus are much 
levs obvious than those caused by the bovine bacillus , eoroetimea no tubercles are visible 
^fter intrareZHiiis inociihtion iersin (18SS) found the «pl»n grpatli enlarged and the 
bver enlarged to a less extent no maciOBcopic tuberclea were seen but microscopicallj 
there were numerous small tuliereulons nodules in the liver and spleen containing large 
numbers of tiiliercle haciUi , the kidneys and lungs appeared practically normal This 
probfemtion of the baciUi m the body without macroscopie tubercle formation is known 
as the "ieTSintjptofdiita^t, it la seen both in rabbits and guinea pigs injected with avian 
bacilli, and in nts injected « ith both mammalian and avian types Chrome avian mfec 
tions are generally characlemcd by infectiOD of the joints (Griffith lOilc) 

After injection of the bovine or human type of bamllua no matter what route is chosen 
the lesions m rabbits are most evident m the lungs and kidneys the spleen and Lver 
euSer less , the Ij’Qtphatie glands, with the eiceptiou of the regional glands, hardly at all 
^lOtinfrequently the joints, inamtnarvgboda and testes show lesions For differentiating 
between boftne and human bacdZi is the rabbit the best doses to employ are 10 mgm 
■ubenUneously 1 mgm intrapentoneally and 001 mgm intravenonsly (Cobbett 1017) 

Feeding the rabbit with 1 10 mgm of bovine bacilli sets np a disease that proves fatal 
in 2 to 3 months. 

Gucies riGS — ^The ghmea pig is highly susceptible to expenmental infection nith 
baciUi of the human and bovme type Indeed it has been stated that the subentaneons 
injection of a single tubercle bacillus may succeed in producing disease— though only 
of a slow type showing httle tendency to generalization (IVamoscher and StoeckUn 1827 
Doerr and Gold 1932) Less than 10 bving bacilh even of virulent strains cannot be 
rebed upon to cause disease m every animal (Scbwabacher and ^Nilson 1937) TVith 
between 10 and 100 bacilb intramuscular inoculation into the thigh usually sets up a 
slowly progressive disease often characterized in the later stages by healing of the mitial 
lesions Tbe bovine bacillns u rather more virulent than the human baciUua, this can 
be demonstrated however only by a senes of comparative expenmenta in which carefully 
measured doses are introduced Table 26 from Griffith quoted by Cobbett (1917) who 
gives an excellent review of the palhogenwrity of tubercle bacilli to animals illustrates this 
TABLE 26 


Sbowisq obeates Viacizve* or Boviw* thaw Huhav Baciuj to Gctsea mgs 



DOM of BldIU 

Avengs Dantion of Ufs la Dsyt 

Method ol Injeetlon 

EoTtna Type 

Homin Tyf*. 

JntrBpentoneal 

1 1-0 mgm 

1 0-1 mgm. 

11 9 (15 animals) 

16 4 (S8 animals) 

2“* 5 (17 an mals) 

27 9 (40 acimate) 

Subcutaneous 

riOmgm 
(Ol mgm 

49 6 (IS animals) 
456(53 animals) 

SO 9 (30 animals) 

Oo-O (40 animats) 
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Tb« snbcntaaeoiis mjectioa — ostullr made in tlie left of e ther Jlsa^a or Umnr 

h miHi, even in minn e dcees, is foDovrd br deatli firom peneraltxed taberralceis la abont 
6 to 15 ireel^ At necrop!^' there ts a cnsFOOs local )es<Mi the snpet^eal ic'Tiinal. and 
often the feinonl, glands are ranch enlarged and cawoos the enUamhir {Ktrtal, laeiLas* 
tinal, and bnmchial gUnda are enlarged and g^tetaDr caseom the sf^een is greatlr 
enlarged, and is heset with g re g n lar necrotio areas, earring consjdenbbr in sue, of a 
relloatsh white waxv appearance the lirer is enlar*ed and contains sraiLer ne c r o tie 
areas ofaTeUow- or greeniJicoIoar, tbelonirscMitamsmall nombersofroondedgeUtisoas 
tnherdes. The most striking appearance is afforded by the necrotic areas in tl» s^^n 
and liver these are pecobar to the goinea pij, Thej are more marked after injection with 
boviae than with human bacHU. Tre* tnbecdea are K»t oftei seen except in the very 
earlr stam of the disease and in the Inrars. It vill be noted that the distnbntion of 
lesions IS quite diSeient m the guinea pig from that in the rahbit. In the rabbit thev are 
most marked m. and often confined to, the longs and kslnevs in the gnin'a-pig the 
ivmpbabc glands, spleen, and liver bear (be bmnt of the disease the longs are hot sSghtlv 
aSiected, and the kidners prarbcallr never 

Intrapeniooeal injection of hornan or horme bacOh ts followed bv d>ath in 2 o* 3 weeks. 
Post mortem, there IS a local easeotu abscess m the abdcmunalwal] the snjcrficiil umuiital 
glands are enlarged and caseous the omentum is roDcd np, thickened, and caseons the 
jortal and often the media tins! gUnds are enlarged and easeoos and the «pleen and lirer 
maj thcrw small fees of pcctoeb The effetl of urtravenoca uiocnlation of dasea 

has been de«cftbed by Fort (1938). 

There is a disease that o c c urs naturaDr m gmnea pigs brown as paepdot n te r cnkisj 
It ucanaedbv P<Mte«rviZepsnidot«haT*lans(B pseafc/slemkirwrixfrwatM). Thebsions 
to vhieh it pres nse mdode white ronnded nodoles in the spices, hvsr sad meeen^ene 
glasds. Th^ are unlike the oecrotic leso&s caused hr the tme tubercle 'badllss, but 
mar oosfrue thcee who are not well acejuamted with the disease especially suue whea 
moculated subcutaceouslr mto oocmal guiu ea pigs, the pseodotubeicle badSos gives nse 
to a local kdon and caseatioo of the focal lym^iabc gUnds. The diffembal diagoosis 
can be made br sucroscopical and roltmal exaimnabon. iUjerosccTDcallv abort oon 
aod fart, Gtas negatiTe bipolar stained badSi are seen, though oftei oolv is small 
numbers culturaUv these ccganisms grow readily on oedmarv media within ‘’4 hours (see 
Chapter 32] 

Jfanac baciQi are much leas pathogemc for the guinea pg than the otb^ two mam 
mahan tvpes. Belabvelv larce doses, 0-1 and mgm., intrapentooeaDv mav cause 
death frum acute or chicauc atvpical gexmalized tuberculosis but smaller dcseu intra 
pentoneallr and suhcutaDcons doses up to 5 tngm., girr nse to no more than T e *r o *Te siii ve 
lesions remaining mcve or lev localized to tbe n,e of inoculatioa. 

Anna bafiTli are rerv much less nndent for tbe gnines jag than tbe hosun and bovine 
types. Subcutaaeous mjection is followed bv a local abscess and ^w^Usg of the regaxia] 
glands death is imanial unless a luge dcae is girrn. Intiaprn oncal inj*cti03 of large 
doses IS foDowed bv death m a few weeks. Pot mortem, the omentum is thicksned. the 
spleen ts large and red, there are minute grw pomts in the liver and tbsv mav b« fluid 
m the pleural cantiies. Though neither after enbeutaneOBs oor istrspen coeal lajectKsr 
are macrcecopic tuberdes visible smears cv cultures made frmn the spleen and liter win 
geoetaHv reveal the jeesence of tubercle bacaDi — Yersm tvpe of disease 

Rsts a>'i> Micz.— In the j«at these have bees regarded as comjarativdv 

resistant to tnberculosM. 3Iore recent work, however particulariv with mi** w en-j to 
show that their resistance has be en rather OTvresUmated. Sabcntas*on3 inocnUtKai. 
except in large doses, seems to hare little efiect. Intrapsitaneal moculatxm of mice with 
1 of human or bonne bxnUi seta up a disease osoaHv proving fatal in 3 to 4 weeks, 
whi>intiaveoonsinoculabon with 0-2 mgm. fallen fatal in 2 to 3 weeks. Post n^tem. 
the lungs are stndded with tzandneeut, g^tuous, mihaTy tuhe rel e a siraflar tnberdes 
am sometimes pr es e n t on the pencaidiuni the sjleen shows a vsnaUe dr Tee of enlarge- 
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ment but no macroscopic tubercle formation Microscopically, the lungs contain enormous 
numbers of bacilli, while in smears of the spleeii, liver, and kidneys the OTganisras are 
usually plentiful hut not abundant Smaller doaea give nse to a less rapidly fatal disease, 
m whidi there is time for the pulmonarv tuberdea to become partly aggregated into 
irregular, bard, caseous masses. Small doees canocit bo rebed upon to cause progressive 

mfectionwhen injected mtrapentoneally,batlntravenoaa inoculation with as fen as 10 100 

bving bacilb has, in our experience, often been followed by chrome disease If the animals 
arc killed within 3 months after such smaD doees, no tubercles may be visible in the lungs 
but quantitative bactenologieal cxamuiabon leaves no doubt that the baeilb are actively 
proliferating (''clinal ncher and \Vil<on 1037) Left to theuiselie* the animals may bve 
for several months or even a scar, at post mortem some of them show nuban tuber 
<ulosis of the lungs ibee may al'^o bn infected with verj small numbers of liovine 
tubercle hacilb if these are inhaled m the form of an aerosol mist (Glover 1944) Tlie 
virulenee of the human and bovine types for nuce seem* to be very much the same 
(Lange 1922 Stamatin and Stamatm 1939) The avian type was found bv Gunn and 
his colleagues (1934) never to cause fatal disease after intravenous inoculation of 0 25 mgm 
but our cxpcf*^ne«. doca not bear this out We do, however find that the avian bacillus 
IS less virulent than the niammahsD types According to Lange (1022) tuberculous 
mice appear to be rrlativelj non allergic Field mice (dnicoTn anulw) were found by 
Koch (I88G) to be more susceptible than house mice, after subcutaneous inoculation 
they died in 4 to 6 weeks with extensive tuberculoaia of the lungs hver and spleen 
Voles — ^\\ells (1933) found that the vole {MKnluiagruttt) wu useful for distinguiBh 
iDg beta ecQ the human and the bovmc tvpee of tubercle bacilh In his experience bovine 
bacilli in a dose of 0 001 mgm mtrepentoneaUy produced extensive snd progressive 
disease, whereas human bacilli, even in a dose of 1 mgm , produced no more than an 
insignificant lesion in the mesentery Griffith (1939a, 1941a e) states that the vole is 
susceptible to infection with all three mammalian types and with the avian tjrpe The 
bovine type is the most virulent ginng nse when inoculated parenterally or introduced 
by feeding to gencrahzod progressive tuberculosis which runs a rapid course and is char 
acterued bj widespread caseation of the lymphatic glands and great multiphcation of 
baeflh in the lesions The humao snd the avian baciUus can multiply in the tissues of 
the Vole, but have httle tendency to produce macroscopic lesions The murme typ» 
gives nse to generalized tuberculosis wlucb runs a more chronic course than that caused 
by the Eioniie tvpe, and is distinguished bv the occurrence m the areolar tissues of masses 
of necrotic or caseous matenal composed largely of acid fast bacdii 

Other AimtALS — The dog is relatively resistant to experimental tuberculosis but 
young animals may be infected by intrapentoneal inocubtion with the mammalian types 
Borsta and astu are aUo resistant , eubcutaneous injection sets up no more than a local 
lesion Cata are highly susceptible to bovine bacilli, slightly susceptible to ansn and 
resistant to human Lacitli Subcutaaeous injection of 0 1 mgm of bovine bacilli sets up 
invariably a rapidly fatal genersLzed tuberculosis VoaityrandawiArejw/ ajw are easily 
by tatwntarwoua liVKubtiwa. oc by feeding with the human and bovine 
types but are oocnpatatively resistant to the avian type The gcUdfn hnmattr {Cncettis 
auntua) is very sasceptible to cxpenmental infection with the bovine and slightly less 
so to the human tvpe, both of which produre progressive generahzed tuberculosis The 
murine type causes generalized tubercnlows of slow development with the producUon 
of lesions that do not undergo necrosis or caieatKm The aman type is the least virulent 
and rarely gives nse to macroscopic Icsicms (Griffith 1939b 19416) Ferreia in captivity 
brought up on raw milk sometimes contract tuberculosis Experimentally they are 
susceptible to the Imvine but only veo shghtly to the human tvpe of baciUus (Dunkin 
Laidlaw and Gnffith 1929 DaUing and OBnen 193o) 

Birds— )\ ith the exception of the parrot, the cockatoo the canan, snd possibl^v 
certain birds of prey birds are resistant to infection with the mammalian bacilli Sub. 
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cutaneous intrapentonea! or intrarenoiu mjecdon of ama bacilli into fowls or pigeons 
giTes nse to fatal tuberculosts. At neciopsw the mam les ons are found m tbe tirer and 
spleen which contam rather hard caseous tubercles well differentiated from the surrounding 
tissue After feeding expenments tubercks are often seen projecting through the p;n 
toneal covering of the intestine 

Cou> BUXiDED AyniiTJ —The cold blooded tjpe of tuberde bacQIns is unable to set 
up pxt^ressive disease m mammals orprobablj birds aftcrsabcutaneous injection oflaige 
doees a local lesion mar result, but tbe disease does not spread Fiogs, turtles; Itzan^ 
snakes fish and other cold blooded animals are susceptible to experimental inoculation with 
tbe cold blooded tjpe and are generallT regarded as insusceptible to tne mammalian 
and avian types. Griffith (l^Mle) however alates that the water or grass snake (Trrpt 
donolui Mini) is h ghh <a$ceptible to expenmental infection wnth tbe avian tvpe He 
(1941<f) has also found that mammalian and anan bacilli, if inoculated into the dorsal 
sac of a toad multiply slowly m the liver and mav be reeovered 1 2 or 3 years later 
Subcutaneous or intrapentoneal inomlation with cold blooded bacilli gives nse to lesions 
that are often widely distributed throughout the viscera. Tbeir nature depends on tbe 
site of inoculation and the time of sumvaL Soft, nodnlar Icaions m the liver or lungs, 
filled with creamv or caseous materul are not uncommon. Sometimes the brer is studded 
with bttle grevish white granule^ almost confluent ^see Ledoux Lebard 1900, Fnedmano 
1903 Knster 190ci) AVhether cold blooded baolb are pathogenic for buds is not clear 
Aronson (19^) <tatc3 that he isolated a cold blooded bacdlns from certain salt water 
fish — a sergeant major {Abtiilefduf maantii) three cioaktts [ilicnpogon wJulaliu) and 
two sea bam (Cenimpnst<« s<nafti#>— which proved pathogenic for pigeoas. 

Dmloptny ChieL embryo — A few observatious have been made on the growth of tubercle 
badlli on the chono-aHantoic membrane of the developing chick embryo. According 
to Fite and Olson (1944) the lesions produced under these conditions bv the fanman tvpe 
of bacillas differ from those cansed bv the bovine and avian tvpes Though the method 
mar be of differential value it does not appear to be soiled for estimating tbe vinilcnce of 
strains to their natnral ammal host 

Table 27 modified from Cobbett (1932) sammarues tbe reaction of different 
ammals to tbe four mam types of tubercle bacilli 

The saprophytic acid fail 6oei7fi are unable to set np a progressive infection in 
mammals or birds N evertbeless when injected mt rapen toneally in fairly large dos« 
especially together with some fatty protective substance such as butter they mav 
give nse to extensive lesions closely simulating those of true tuberculosis (see 
Rabmowit«ch 1897, Grassbetger 1899 Hagan and Levine 1932) This appears to 
result from the dissemination of the bacilli m tbe tissues by the lymph stream and 
leucocytes and the subsequent focal reaction of the tissues around them. True 
nodule formation and caseatidn may occur and acid fast bacQli are found micro- 
scopically m the lesions. After «sbcataneoaa or mtramuscular inoculation the 
fesions are omafly confined to the focaf ate and the r^onal lymphatic gfands. 
The disease may be distmguished however from tub«culosis by cnlture and 
by further moculation Cultures made from the lesions on to glycerme agar 
will reveal a growth of saprophytic sod last bacilL m 2 or 3 days wbde further 
inoculation into a gnmea pig using a saline suspension of a small portion of one 
of the lesions will prove mnocuous Histologicallr the lesions cansed bv the 
saprophytic acid fast bacilli show more exudation than proliferation there ts less 
tendency to caseation and more to suppuration , polymorphonuclear are commoner 
than epithehoid cells , and typical giant cells with peripheral nuclei are 
rare (Ttabmowitsch 1897) Saprophytic acid fast bacilli mjected intravenously 
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TIBLP 2T 

SnowivD THE Sc^cimsmTj or ctSTAzy AvaoLs to Exeerimentai. iNFEcnoH 
WITH THE rODB Mil^ TtPIS OF TobERCLE BACIIXI 
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=r A local rctfogreasive lesion 

± Localized tuberculosis vrith aometioica slight disscmmation 
+» + + + 4* + Different degrees of progteasive tubcrciiloiu. 

+ Y Tubcreuloeii of the Yenia lyre 

(a) Spontaneous tuberculosis relAtively Dororomon diiSruIt to infect espcrusesuUy 

(b) I stremely' easy to infect ezperunentaUy but seldom contracts tuberculosis natii^y 
(e) Spootanetius fuI>r/ruio«>s is njv, »Iter lotyayenous jsneulation amre die mth 

tulvrculosis of the lungs and an enlarged spleen contain ng tubercle bacilb in great numbers 
(J) Spontancousinfcction with ihemunoetypeappean to becozamoQ The natural disease 
and the expenmcntal disease cauKd by the munne type are Characterized by tuberculosis of 
the lungs and lymphatic system and the orcurreoco of necrotic or caseous matem] m the 
Bubcutameoua areolar tissue remmisccnt of rat leprosy Expenmenta! infection with the bovme 
typo gires nse to acute generslued tuberculosis 

(<) Produces slowly progressing geneiabxed tuberculosis without necrosis or caseat on of 
the leeKine 

(/] Cananes are said to be less susceptible to infection with the human and bovine types 
than parrots and cockatoos (TuIIoch 1036} 


into laboratory animals or even into larger animals sadh as calves, may give rise 
to severe illness, sometimes followed by death (Kossel ef al 1904, Twort and Craig 
1913) The bacilL do not multiply in the tissues, and therefore no true infection 
is set Tip , the symptoms appear to bo dne to toxauma following the liberation of 
endotoxins from the bacilli in contact with the tissues Similar results can be 
obtained with dead bacilli This toiamua following the intravenous injection of 
Imng or dead acid fast bacilli whether of the saprophytic acid fast or the true 
tubercle type, into susceptibleanimals,isaj»henomenon that may lead to confusion 
if differentiation of the various types is attempted by the intravenous route For 
this reason the subcutaneous method of injection is generally to be preferred 
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Type Differentiation by Patbofeiuaty — At the nsk of repetition we give for the 
of clearness the methods bv which the three mam types of tnbercle bacilli may 
be differentiated 

The fuflvin and the tonne types of tahercle bacilli are able, when injected 
snbcntaneoosly m minate do«es, to give nse to a progressive and fatal disease in 
guinea pigs But whereas the bovme type ts able likewise to produce a progie«£ive, 
generalized and fata! disease m rabbits, cats, vole*, goats, and calves, the human 
bacillus cannot do «o This fundamental distinction can be elicited in practice only 
by stnct regard to certam factors, such as dosage and route of inoculation. The 
CTpentnce o? the F»c.yal CcrraiaiSBVCrn *-hc.wed that, the best diSereritiating itee lot 
calves was 50 mgm. «ubcutaneonalv, and for rabbits 10 mgm. Eubcutaneonsly The 
bacilli are tahen from a 1 to 3-wects old culture on inspissated «CTUin and weighed 
moist Under these conditions the bovine baciUns sets up a generalized fatal 
disease, while the human badllas causes at most a localized and retrogressive 
disease conffned to the site of moculatioii, and sometimes to one or more of the 
internal organs often no ]e«ions are visible at all. Animals vary so much in theu 
snsceptibibty to eipemnental inoculation that it u advisable to inject two or three 
sunnltaneoosly, and to repeat the test on a fresh senes of animals if the results are 
not precise The time taken to produce death u probably not of such importance 
as the extent of the lesions at necrop^ (Park and Kmmwiede 1910} but generallv 
cpeaking calves inoculated with a bovine strain may be expected to die in about 
6 to 8 weeks, end nbbits m 6 to 12 weeks. A more rapid method of differentutioo 
consists m the intravenous inoculation of rabbits with (KOI mgm. or even less. 
In such a doae the human bacillus has little effect the bovme laQs the animal 
m 4 to 6 weeks, and at post mortem rnSuiy tnberculous is found affecting par 
ticularly the lungs and kidneys. Accordmg to 'Wells (1^*11) an equally aatis- 
faetoiy and perhaps even more npid method conasts in the rabcotaneous inocula 
tion of 1 msxo. mto the Orkney vole (J/icrufta ortodmsw) The human bacDIiis 
IS piacticallv non pathogenic to this soimal, givmg nse to no more than a local 
lesion with perhaps irummal lesons in the focal lymphatic nodes and occa*ionaIlv 
a few scattered tubercles in the lungs, whereas the bovine bacDlus causes generalized 
glandular and visceral tuberculosis, provini; fatal as a rule m 3 to 5 weeks. 

The separation of the onan from the ynommoJton bacilli is generallv quite 
•traightforward The avian bacOlus is patbogemc for fowls and pigeons, but not 
(or the guinea pig the marnTnaban bacilli on the contrary, are pathogenic for the 
guinea pig but not for fowL and pigeons. Cohhett (1*^17) recommends for differen 
tiating purposes the mjection of 10 mgia. of culture subcutaneously into guinea 
pigs, and 10 n^m. intrapentoneally mto fowls or pigeons. The mammalian bacilh 
prove fatal to gumea pi^in about 4 to 8 weeks, and at necropsy there is generalized 
tuberculosis with extensive caseation ol the glands and large necrotic areas m the 
«pleen and liver The avian haciffi often pve nse to no lesions at all, or onlv to a 
slight local foUechon of caseous mateiul , but «ometimes if the animals are killed 
after a few weeks, the focal glands will be found to he hvper®inic, and the «!p’eeD 
enlarged and congested , smears of the «p!een, liver, and lungs from the-e cases 
may reveal a few acid fast bacilli (Straus and Gamaleia 1691) After mjection 
with avian bacilli, fowls and jageons die m a variable time, often considersblv 
emaciated , if they are sbll alive at the end of 3 months they should be killed 
Disease is nio't evident in the spleen, liver, and kidneys, which show numerous 
tubercles or hard caseous areas , baoQi are abundant m smears of the*e organs. 
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The mamDialiaa bacilli generally ptodace no recognizable legions in fowls or pigeons, 
but occa-nonall) a local ab-icess forms, which contains a few bacilli Avian bacilh 
are pathogenic to rabbits if inocnlated intraaenously, giving rise to the Yersin 
type of disease fsec p 42o) Griffith used to inject 001 mgm intravenously into 
rabbits and 10 nigm intrainusculartj into bens Sometimes, however, avian 
strains are encountered, particularly from pigs, that arc patfaogemc to fowls but 
not to rabbits 

Lesions caused by the Injection o! Dead Tubercle Bacilli,— The injection into 
animals of dead tnbercle baciQi, preferably killed bj heat, gives nse to lesions 
of varying degrees of seventy Subcutaneous injection provokes merely a local 
abscess, but after intrav enous injecbou the dead bacilli ate deposited in the viscera, 
where thej give rise to small folhcular lesions closely resembhng true tubercles, 
mnd sometimes undergoing caseation This disease la known as Necro tubtrculosis 
(Miller 1905) Apparently the dead baciUi are attacked and broken down by the 
cells of the body and tbcir intracellular toxina liberated , these toxins then act on 
the tissues, and give nse to the characteristic lesions of tuberculosis For the 
productioa of necro tuberculosis, virulent bacilb are not essential , we have pro 
dueed lesions in rabbits by the intravenous injection of dead avirulent bacilli, such 
as Calmette’s BCO strain 

Classi&c&Uon — ^e have already indicated that the acid fast bacilli may be 
ilivided into six typcs->human, bovine, luunnc, avian, and cold blooded tubercle 
bacilli, and the saprophytic acid fast bacilli The distinction betweeu the types 
rests chiefly on cultural appearances and pathogenicity, aided when necessary by 
serological rcactioos Those tjpes are remarkably constant so far as we are 
aware, no clear evidence has ev er been produced to prove that one type may change 
into another Kumeroui experiments have been made by difTeient methods to 
bring this about, but no one has yet succeeded m doing so 

Kevertbeless, the division of the mammalian tubercle bacilli is not always 
clearly deflaed From time to time aberrant strains are encountered, which 
depart from the standard type cither m cultoral behaviour, in pathogenicity, or 
m both The most fruitful source of these aberrant types is lupus , thus from 
140 cases of lupus examined by A S Gnffith (1924), no fewer than 99 yielded 
strains of aberrant type Apparently, when growing in the skin, tubercle bacilli 
are Lable to undergo a modification in virulence, so that both human and bovine 
types become less pathogemc for ezpenmental animab Aberrant types are 
encountered lu other lesions, though much less frequently, thus Griffith (1916) 
found 4 aberrant strains amongst a total of 212 strains isolated from sputum, 
and 5 amongst 141 strains isolated from bone and joint disease (1916-17) , East 
wood and F Gnffith (1916) likewise isolated 10 aberrant out of a total of 261 strains 
from cases of bone and joint disease Aberrant strains have occasionally been 
found la animals, especially horw (A S Gnffith 1924, Stableforth 1929) 

The mammahan haciUi may be subdivided as follows (Table 28, p 432) 

Of these various types the attenuated eugomc human and the attenuated 
dysgomc bovine are the ones usually found in lupus , the attenuated dysgonic 
human and attenuated eugomc bovine are rare, and have been met with in lupus 
only The dysgomc human type was the type isolated from sputum and from bone 
and joint disease, in the cases already referred to On serum and glycerine serum 
it grows lurunantly with the production of yellow pigment But on glycerine agar 
and glycerine potato growth is very alow . an efiuse grey glazed layer of growth 
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TABLE 23 (Modifirf &wn K. &. GnfSth iy4 ) 

Showiso th* DirmEirrui. CKxucTZKisna or Munt^Lux Tcbbscu Bicilu. 
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occurs, on wluch a few Urge isolated warty and pigmcuted colonies mav eventnallv 
develop Sumlarly on glycerine brotb there is only a ttm byer of growth with an 
occasional raised island of irregular appearance In vunlence this variety resembles 
the standard homan tvpe, being high for the guinea pig and low for the rabbit 
These dysgomc human strains are most Iikelv to be confused with the attenuated 
bovine strains , diSerentiation can be effected by making a sufficiently wide and 
prolonged ^enes of testa. The dysgonic bovine strains do not give a vellow pig 
mented growth on bovine vernm , and their virulence is lowered not difierentially 
bat nniformlv , that is to say, their Timlencc is lowered not only for the more 
resistant calf and rabbit, bnt also for the highly susceptible guinea pig and moniev 

Whenever an aberrant strain is encountered, the posaibihty of the cultures 
bemg impure must alwavs be considered. Thus the Eoval Commission (Report 
1911) examined 2 cultures that were engomc on glycerine media and were highly 
virulent to calves and rabbits. By pbting out thea* eultcrea they were able to 
separate oS a dy'gonic virulent strain from a eugonic strain of slight virulence for 
the calf and rabbit , m other words the onginal cultures contained a mixture of 
bovine and human types. 

Considerable attention has been paid to these atypical ^trains because thev 
have been regarded by some workers as evidence of instability of type Gnfilh 
who has had the greatest experience of these atvpical strains u, however. 
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firmly of the opsmon that they represent no more than modjficatjons of the fixed 
types , they do not represent transitional forms between the types By passage 
through suitable animals it is often possible to restore the normal properties of 
their type to these atypical strains , but it has never yet proved possible to modify 
them m such a way that they change into a different type Thus an attenuated 
dysgomc boame strain, if passed through a series of rahbits, will often regain the 
standard virulence of the bovine type , it wiU not take on a eugomc growth and 
come to resemble the human type (Griffith 1921) The extensive observations of 
Jensen and FnmodtMoIler (1936) and of Fnmodt Moller (1939) are m general 
accord with Griffith’s findings 

We may conclude therefore that the types of tubercle bacilli are fixed , that 
occasionally modifications due to residence in a particular environment may result 
but that no alteration of environment or any other factor has yet been successful 
under experimental conditions of changing an organism of one type into that of 
another 

Classification of the saprophytic acid fast strains is very unsatisfactory 
Numerous types have been descriL^, and have been differentiated on morphological 
and cultural appearances, the degree of acid fastness the formation of pigment 
and the optimum temperature of growth (see Haag 1927, Pinner 1932 Thomson 
1932, Schwabscher 1933h, Gordon and Hagan I93S) 

A large amount of detailed information, much of which has been overlooked by 
subsequent workers on the vanous properties of the tubercle bacilli, is contained 
in the Reports (1907, 1909, 1911, 1913) of the Royal Commission on Tuberculosis 
Those anxious to learn more about these organisms are advised to study these 
reports carefully, as well as the numerous subsequent publications of Dr A Stanley 
Griffith, many of which have appeared in the Journal of Fathology ond Bacterwlogy 
and the Journal of Eyqtene during the past thirty years 


STyeotiacterfam totereulosb, Buoisd tfpe 
halation — By Koch in 1882 from human tuberculous lesions 

Habitat — Strict parasite causing tuberculosis m man, pigs, monkeys, dogs, and parrots 
Morpbolopj — Rod shaped organisms 1^4 p long and 0 2-0 8 (i broad, straight or sLghtly 
curved, with parallel or incgolar sides, and rounded ends , arranged singly or in 
' small clumps , non motile, non eponng, and non capsulated Fail to stain with 
simple dyes except after prolonged exposure Slam best with hot carbol fuebsm , 
resist decolorwation with 25 per cent HgSO, and with absolute alcohol for 10 
mmutes. Gram positive , stammg may be even or granular , beaded forms are 

common In the animal body the bacilb are larger than in culture Non acid fast 

and dabbed forms are not tinconunoo id culture 
Coaqulattd Ox gerum.-~< vxth, VS'* C Thin effuse, confluent, greyish yellow growth 
with a finely granular surface, looking like ground glass colour may be goU« 
yellow , consistency fnable , eamlafiea with great difficulty 
5 ptT ctnl GljctriMOx>strum—\wU,ZrC More luxuriant, thicker, raised, (w 
fluent, yellow or golden yellow growth, with a eoareeJy granular surface , jrv- 
larly heaped up in places , often a granular film over the water of conden*,x 
Consistency friable, emulsifies with great difficulty 
Dorse! Egg -4 meets. 37' C Bather po6r, discrete or confluent, slightly raised. 

yellow growth, with a finely granular anrfaee 
Sperc/nt GlytenntEgg~A.xxuU,zrQ Moreluxonant. rx«ed. confluent grera-i-w 
growth with a coarsely granular surface, growth irregularly nodular xinan- 
up in places 
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5 per eenL GJycertne Agar — 4 37* C Tbielc, niof^ confinent, cream-coloured growth 

with a nodul&r or wrinkled garlace. ' 

S per cent Glyeenne Potato — 4 tre<I«, 37" C Thick, raised, conHueat growth, cream} or 
yellow in colour, with a wnnkled, nodular, or warty surface 
5 percent. Gfyeenne CrtrfA — 4 tce«i'a,37"<7 Greyish white surface peOicIe often irregularly 
thickened in places. On further incnbation the pelhcle incmses in thickness, 
derelops a deeply wrinkled surface, and spreads for about | inch up the sides of 
the flask. Ko tnihidity, hut often a abght granular dep(»jt. 

Platn Agar or Broth — ?iO growth, as a mla. 

Poiitanee. — Cnltnres Lre for 4 to 8 weeks aa a role but may remain Tiable for a year 
Bacilli are killed by moist heat at GO"C. m IS to SO minntes. In excised tissues, 
kept at 37° G, they die m abont a week. In dried spntum most of the bacilh die 
inafewdays. Arefaulysnseeptibletosnnlightaadnltrs-violethght. 3!oderately 
resistant to chemical disinfectants, in spntum may sumre exposure to 5 per 
cent, phenol or antiformin for 24 hours. 

Metaholum . — Growth occurs between pH 4 Sand 8-0 , optimum pH is 7-0-7 -O Optimum 
temperatnre 37* G , Tery Lttle growth, if any, below SO" G Growth occurs be®! 
in an atmosphere of 40-50 per cent. 0^ , no growth under stnctly anaerobic con 
ditions. Growth is imprond by addition of glycenne and of dead acid fast bacilli 
to the medinm , and is said to be uuproeed by substances nch in Vitamin B and 
by reiy small quantities of iron salts. Golden yellow pigment prodneed on 
glycennated ox serum. 

fiocAemient— ^VetyhtUe known abont biocbemicat properties Endeoca that the baciUi 
can produce acid from glocose, maltose, lactose, sucrose, glycerol and trehalose 
dnfi^mie Structure.— By agglutination, absorption of agglutinins, and complement fixa 
tion the human bacilli are shown to form a homogeneons group mdistmgnish 
able from bonne tubercle bacilb but easily distuguishable from anao cold 
blooded and aaprophytio aad fast bacUli. 

Pathogenteily — Produces tuberculosia u man. pigs monkeys, dogs aodpomta Expert 
mentally, it u highly pathogeme for the gmnea pig but not for the rabbit, 
cat goat or ox. A minute quantity injected subcntaoeously uto a gomea 
pig a thigh causes death in 6 to 12 weeks. PJL loeal caseous abscess , enlatge- 
ment and caseation of the ingomal. sublambar, portal. axiSaiy, and bronchial 
glands . enlargement of the spleen with production of irregular yellowish areas 
of necrosis , enlargement of the lixer with production of smaller, irregular, greenish 
yellow areas of oecroais . few rounded tabercles in the lungs. IVibercle bacilli 
are nomeroos m the local lesion and the inguinal glands , more scanty elsewhere 

The characters of the diflerent types of tubercle baciUi, including the saprophytic 
acid fast bacilli, are aummarued in tbe table on pp 435-7 (Table 29) 

The Leprosy BaciBns 

The causative organism of lepro^, which was one of the first micro-organisms 
shown to be pathogenic to man, was discovered by Hansen in 1868 thoogh his 
published account did noVappeat till 1874 He observed it m the tissues of leper®, 
where it ocenrs in large numbers in the gianuLition tissue cells The bacilli vary 
m size and shape , they may be straight or sightly curved, 1-8 ft m length, with 
parallel sides and rounded ends, arranged chiefir in clumps or bundles and staining 
evenly , or they may resemble diphtheroida.and show granular stainmg confined 
to the poles or distributed througfaont thmr length They arc not easily stained 
without a mordant , they are Gram positive and strongly acid fast They are 
non motile and non sponng 

Thongh the leprosy bacillus was one of the first of tbe patbogemc organisms to 
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TABLE 29 
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TABLE SH (cm/iawi). 
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be described % ety liUle more is ksowa about Jt now than at the time of its on^mal 
discover} Xumerousattemptshavebeenmade to cultnatc it, and man) different 
oi^anisms h'i>e actually been isolated from the tissues of lepers but it is by no 
means certain that the real causative organism of the disease has yet been grown 
in pure cnlture 

In l'X)l KedrowsU cultivated appniently from 4 cases of leprosj, a non acid 1^1 
diphtheroid bacillus ahowing true branching In rerv young cultures, 10 to 14 hours 
old most of the bacilli withstood decolorualion With 5 per cent. H(SO, but in older cultures 
the organisms were non-aetd fact except for the metachromatie granules. He stated that 
when injected into rabbits, the organisms became aad fast after a residence of several 
weeks in the tissues He thought that the baciUos belonged to the Acttnomjeu group 
and that the acid fast rods seen m human leprosy represented only one stage m the develojK 
mental cvcle of a smgle pleomorphic species In lOOo £niile IVeil obtained a growth of 
Gram positive acid fast baciUi on a medium eonsisting of a mixture of glycerine glucose 
peptone agar and egg yolk. Single colonics appeared about the 5th day, and increased 
m size tiU the 15th or SOth dav Cultures were likewise suree^ul in hens eggs, the leprous 
juice being inoculated directly into the yolk of the whole egg Subcultmu were never 
obtained In 1900 Clegg cultivated from 8 out of 10 lepers a weakly acid fast chromogenic 
bacOlus. The prunary cultures were obtamed in symbiosis with amceke and cholera 
Tibnoa , by heatup these cultures to 60’ C for 30 minotes he obtained a pvire culture 
of the acid fast baciUos. The orgamsma. both morphologically and culturally, resembled 
the ordinary saprophrtiQ acid fast bacilh , they resisted decolonzabon with alcohol for 
3 mmutes, but were largely decolorized hr 5 per cent HCI in S mmufes. Cnltuns oa 
agar were of a bright orange colour Local lemons resulted from injection of the bacQli 
into guinea pigs, timflat apparently to thoee following injection of such organisms sa 
Vyto jihUi and the smegma baciUos. 

In 1010 Durst coltivated from 4 cases of leprosy a non-cbromogeoie scid fast baciUua , 
cattum were msde on sn sear or banana medium ennehed with a 1 per cent, solotion 
of cysteine or tryptophan Glistening wbte eidonies I Smm in diameter appeared after 
1 to 3 mouths at 32-33* C , but not at 3?* C. The organisms were nearly as acid fast 
as the tnbercle bscSlas. but were decoloroed by 30 per cent. KSO, followed bv Do per 
cent alcohol , they failed to grow on ocdinaiy media. When injected, even m wnatt 
numbeia, subcutaneously or intrapentonealfy into Japanc^ dancing mice, they gave nse 
to glistenmg white nodnies, resembUng miliaiy tubercles , these were diseounated through 
out the body but were especisUy numerous in the spleen and lymph nodes. These nodules 
resembled the human lenoiu veiy closely, they contained acid last bacilli in enoimous 
numbers chiefly mtracellnlar in position Injectimi into guinea-pigs, rabbits, rats, and 
mice was without effect In the same war Twort (1910) isolated an acid fast bacQlus 
from the nasal discharge of a leper by growth on an egg medium containing a glycerine 
extract of dead tubercle bhciIU. Growth was not visible for 6 weeks. In 101 1 Best cul 
tivated an acid fast chromogenic, highly pTeocporphic bacillus from S cases of nodular 
/effc»j'atRtBgi»a, Jlnnury' isolation wv obtained OB a milk hrpth inedmia oonfaimsg 
Tolatile alkaloids from rotten fish. Growth occurred in 3 days, and was yellow, pink 
or orange red m colour A monkey injected repeatedly by different routes developed smaU 
nodules under the skm containing acid fast bactlb Using a medium similar to Post s, but 
m which the rotten fish dKtillate was replaced by distilled water, Williams m 1911 cultivated 
fwo organisms from 5 cases of leprosy in Persia and Bombay , one was & non acid fast 
streptothnx the other an acid fast bacfllus like Rost a. In old cultures of the Utter 
organism m liquid media, a non aad fast dqihtheroid appeared 

In 1912 Bayon (1911 12) isolated a nonoadfast diphtheroid bacOlas, sometimes 
showing branching from a case of nodular lejwosy is London , it was morphologically 
idenbcal with Kedrowskis badllas. latrapmtoBeal mjection into a rat caused a lamp 
at the site of moculation 3 months later the lump was punctured, and the fluid that 
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not yet been cultivated Agglatmstion testa earned out vrith tbe ‘erum of leprs 
do not help m determining the shological sgmdrance of the*c organiams, for it has 
been foand that tubercle bacilli and saprophytic acid fast baciQi are acglntmated 
as well as the bacilli cultivated from leprosy (Duval and Wellman 1912) And 
since it IS impossible to reproduce typical leprosy m laboratory animals ly 
inoculation even with ground up leprous mateml, it is clear that ammal inocula 
tion tests are lilewise useless in deciding this question. 

There is reason to bebeve that tbe non-chromogenic acid fa«t bacilb eultivateil 
by ranous worhers were in fact tbe real leprosy bacillus Examination, however 
of tbe records reveals the fact that, though colonial development was obtainable 
in the first two or three subculture*, attempts to carry on the bacilli ludefiuitelv 
in subculture almost invariably failed Even in Soule and McKinley s worl, which 
madentally Schlo'smann {1933), Duval and Holt (IBSfo) Holt (1931(7, b), and 
Dharmendra and Ixiwe {I93&) hare faded to confirm, more and mortf difficulty 
was experienced m obtaining ‘growth with each succosive «ul>cnUiire Duval 
(1910) many years ago brought evidence to show that leprosy banlh were able 
to grow in artificial media o^y <o long as some of the orunoal hnman Icproma 
tons tissue prsisted in the culture, and that the bacilh denved their nutriment 
almost eutuely from the autolvtic producta of this human protein matenal («ee 
also Duval 1934) These findings are supported bv the more recent work of 
8chIos:znann (1933) If they are correct, thev *eea) to afford an explanation 
of many of the observed facta. Whether it will be possible, as Duval and Holt 
(19346) anticipate, to replace the natural antolytic tissue products hr protein 
spbt substances denred from other eouices, is still doubtful We may eon* 
elude tentabvelr that the leprosy bacillus Im been grown in cnltrue, but that 
its isdefioite subcultivation m artificial media has never been nnequivocallv 
demonstrated 

In the«e cireumstances it is r^rettaWe that a number of *tock cultures m 
various collections are labelled ifyeohortmum lepr<r and that so much work has 
been expended in studying the ranous properties of these so-called leprosy bacilli 
Many of tbe strams are undoubtedly ordinary saprophytic acid fast bacilb, and 
their de^cnptioD under a faLe name can do nothing but cause CQufu*ion m the 
bterature, (For attempts at experimental reproduction of leprtKy, see Chapter 60 ) 

Tbe Rat Leprosy BadQus 

This oigamnn was fir«t described by Stefan*ky (1903) in 1901 at Odessa, where 
It was giving nse to a leprosy like disease m rats. The organisms which have 
never yet been defiiutely cnltirated, are 3-5 ft long, are often dightVv curved and 
have rounded ends They are Gram positive and *tTon'’ly acid fa^t, wrthstandmg 
5 per cent H^SOt and 95 per cent alcohol for at least S minutes Stamms is often 
granular According to Marchoux (1933) the rat leprog* bacIUns is killed by 
exposure to moist heat at 60® C for 15 mmutes. It cannot wiihstand drvmg 
but it remains viable for 2 years or more in infected organs pre-'erved in 40 per cent, 
glycerol at 0-6° C From the fact that human leprcey cannot be conveyed to 
rats, it IS probable that the lepto^ and the rat leprosy bacilb are different There 
13 reason to bebeve that some cases of hnman leprosy may be caused by tbe rat 
leprosy bacillus («ee Chapter 60) (For expenmeutal reproduction of the disease 
in rats, see Chapter 60 ) 
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Johne’s Bacillus 

This organism was found by Johne and Fiotbingham (1895) in a chronic diseise 
of cattle characterized by massive mfiltration of the intestinal tract It was 
believed at first to be an avian type of tubercle bacillus, but subsequent work has 
tendered it clear that it is a different species of organism 

Morpholocjicallij it is a short, thicL rod, 1—2 ft long, generally straight, with 
rounded ends and parallel or sbghtly bulging sides , it is non motile Gram 
positiie, and strongly acid fast Staining is generally uniform but may 
occasionally be granular It was first isolated m pure ctihurc by Twort in 1910 
on a glycerine egg medium containing dead tubercle baciUi (Twort and Ingram 
1912, 1913) Subsequently it was found that' the saprophj-tic acid fa«t 
bacilli could replace the tubercle bacilli, and that a glycerine extract of the 
orgamsms, or even liquid tubercubn, could be used (MFadyean et al 1912) 
Twort and Ingram advise the following medium Cultures of Myco phlei are 
killed by steaming , the growth is -scraped off and dried the bacilli are then 
groimd m a mortar, and added an 0 6-1 0 per cent concentration to Dorset s egg 
medium containing 4 per cent of glycetme On this medium primary cultures of 
Johne’s bacillus consist of tiny, dull white colonies, rarely visible to the naked e^e 
m less than 4 weeks , they are more or leas circular in shape, and may be dis 
Crete or eonflnent As they grow older, they increase m size become more elevated 
and turn a dull yellowish white colour , the edg^ remain thm, and from them 
numerous irregular striationa rise towards the central peak In subcultures the 
growth is more copious, more confluent, and may be slightly wrinkled If the 
saline m Dorset’s egg medium is replaced by peptone beef broth, the growth is 
stiU better , and if sheep’s brain broth or horse liver extract is used, the growth 
cannot be distinguished from a Dorset's egg culture of human tubercle bacilli 
On glycerine agar containing pAfci extract the growth is slower and le^s vigorous 
In glycerine broth with fhUi extract added growth occurs m the form of a thm 
Boiface film which may later show irregular areas of thickening After several 
subcultures growth is more profuse and may eien occur in plain glycerine broth 
without the addition of •phlet extract Growth occurs between 28° C and 43° C , 
the optimum temperature being 39° C In culture the bacilli are very short, 
often only about 1 in length there is no branching hut occasional club forms 
are seen Primary cultures are best made by treating the washed, intestinal 
mucosa with 20 per cent antaformro for about 30 minutes, and accibng on to 
a glycenne egg medium containing dead pAfe* or tubercle bacilli (see Minett 1942) 
In what way the added organisms serve to promote the growth of Johne’s bacillus 
IS not known , they probably provide some nutrient substance, or enzyme, neces 
sary for its metabolism , but that this substance is not specific to acid fast bacilh 
IS shown by the fact that alcoholic extracts of such diverse substances as currant 
grapes, figs, oats linseed, and the fungus Caalhardlxts auranhacus, are all able 
to replace the acid fast bacilli (Twort and Ingram 1914) 

AVhether the bacilli giving nse to Johne’s disease in sheep are identical with 
those m cattle is not clear Apparently Die} are more difficult to grow, and m 
pnmary culture znsy take 6 or 7 months to deaelop (Dunkin and Balfour Jones 
1935) On the other hand McEwen (1939) claims to have infected calves by 
feeding them with material from diseased aheep, so that the difference between 
the bovine and ovme bacilh may be less than Dunkm (1936) suggests 
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ReprodnctiOQ o! Ihe Disease in Animals — The injection intravenonslr intia 
pentoneally or subcutaneously of pure cultures of Johue a bacillus into bo\me 
animals frequently gives nse to the typical disease from the lesions of which 
pure cultures of the bacillus can be Kcovered {Twoit and Ingram 1913) Feeding 
may also be successful Sometimes goats and sheep can be infected by inocu 
lation of pure cultures lambs are said to be more susceptible than udult sheep 
(IIcEwen 1939) Repnxluchon of the di'«ei^ in laboraforv ammali has not 
so fir been successful Johue and Frothingham (1S9 j) and Twort and Ingram 
(1913) found that guinea pigs rats and mice were refractory Later Twort and 
Craig (1913) found that the lutrapentoneal inoculation of 10O-l‘'O mgm, of baciUi 
into rabbits gave nse m the abdominal cavitv to a few nodules which were slightlv 
caseous the animals remained perfectly well and «howed no signs of toxic dis* 
turbances The same leaions were produced by Vi/co phin Boquet (I9i)) 
found that the intrapentouea! injection of 5-10 mgm. of culture into white rats 
gave nse to pm head greyish nodnles on the snrface of the pentooeam and 
omentum , these nodules contained pus very rich in baciUi. The mescntenc 
glands were enlarged the tracheo-bronchial glands were enlarged hard and 
sclerotic and contamed enormous numbers of bacilli Even more marked lesions 
were obtained when the injection was repeated in 15 to 20 days with a do«e of 
10-30 mgm. White mice developed similar but less chronic lesions It is 
doubtful whether these changes can be considered speciGc for Johsea bacillus, 
similar lesions can oheu be produced bv the saprophytic acid fast bacilli It is 
certain that no one has vet reproduced in laboratory animals the tvpical ententis 
of the natural disease 
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CORYNEBACTCRIUM 


DEFTfiriov Coryntbaefenum 

Gram positive rod Lke forms, arranged tuiialJi m a julu'wde Not ncid fast 
Often with cluh shaped BWTlIinga at the poles, gencmllj with irrogularli staining 
seginenta or graoules Aon motile, nonaponng Gronmg wrulicillj or unl<r 
niicronerophilic conditions, but often eapabte of anaetobic cultnation Ncvir 
forming gas in carbohydrate media m «hich they Ria> or ma> not prodiiu iiciJil> 
They may or maj not bquefj gelatin or scrum h-omc s|>peies prudint a povtrful 
exotoxin 

Typo species, Coryntbac/mum dijAlhena 

Tbe generic name Con/nehacteriutn was allotted by Lebmann and ^cuinann in 
1806 to tbe group oi bacteria contauuog the dipbtbena baciUos and other species 
resembling it m morphology By its denvation tbe same empbasires tbe tendency 
to tbe formation of clob-bbe forms that is cbaractenstie of tbe type species and 
of several other species within tbe generic group This name was accepted by the 
Committee appomted by tbe Society of Amencan Bacfenologists (Winslow el at 
1020), and was adopted as tbe vabd generic name in tbe monograph on dipbtbena 
issued under the wgis of tbe Medical Kesearcb Council in lOU (Andrewes et ol ) 
It IS gaming incieasing currency m tbe bteratnre and is very unlikely to be super 
seded Tbe summary of tbe generic characteie, as recorded by the Amencan 
Committee, was emended by tbe Bactenolopcal Committee of tbe l^Iedical Besearcb 
Council by tbe omission of aerobio«is as a genenc character, tbe addition of a refer 
ence to the fermentative activities of tbe group, and tbe omission of any reference 
to toxin production There appear to us to be advantages m calling attention to 
a stnking biological character possessed by the type speaes and perhaps shared 
by some related species With tbe restoration of tbs reference to toxigeniaty we 
should adopt tbe summary of generic characters as given by the Committee cl the 
Medical Besearch Council 

Although C diphthencs is umversally accepted as the type species, it was not in 
fact the first tobe desenbed Eeymoadand hiscoUeaguesin 1881, and again inl8S3, 
described the isolation from the conjunctival eac of a bacillus which is now recog 
mzed, underthe name ofC xfroiis.asbelongingtothisgenus This organism was 
described more fully by Knschbert and Neisser in the latter year, which also wit 
Dcssed Klebs’ description of the diphthena bacHIus in the diphtheritic false mem 
brane It was not until 1884, the year following, that Locfller pubbshed his classical 
paper on diphtheria, and provided a descnption of the causatiie organism which 
afforded a standard of reference for all subsequent studies on this bactenal group 
Any claims that might has e accrued to C jwwis on account of Jirionty woul 1 m 
aiij case have been Mtiatedbj the fact that it u quite unjiosMl le at tbe present tune 
447 
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to be sitte that ReymoDd, and Kuscbbert and Nei^r, we'e dealing witb a single 
bactenal species It w moreoxer, eqnally un|>o«AibIe to identifv witH certainty 
any of the ‘trams hott labelled 0 xrrosts with tho^descnlied m the earlr ’eighties 
The stage of technical dcxelopment that bactenology had then reached di'd not 
permit each new organism that was isolated to be fully studied and described 
The importance of C dtplOeria as a human pathogen focu'*ed attention on the 
differentiation of the species from others with which it might be confused. Out 
picture of the type species thus became more and more complete as time went 
on but to the related diphtheroids little attention was paid beyond that 
necessary to determine their probable relation to the diphtheria badllus jtsdf \i? 
Andiewesand his colleagues pointmot it is extremely difficnlt to determine which 
of the strains, t6 which specific names hare fiotn time to time been assigned, 
represent well-differentiated species Some of those who hare reviewed the group 
as a whole have been liberal m the distribution of titles (Graham Smith I90S 
Mellon 1917, Eberson 1918 Chalmers and Macdonald 1920) Here, as ebewhere, 
we propose to adopt a conaerva 
^ tive view, and to list as speoes onlv 

^ / » those oijamama which have been 

^ adequately described and appear 

^ -y ^ ^ description to be reason 

i-a 1 *i ^ * »h!ywfell.differeDtiated- Indiscusaing 

^ J ^ ■* this question of classification and 

^ -«/ ^ ^ * nomenclature in greater detail wa 

'-'"T* J tonsider D itpJjhmte as a 

^ . •</ species smee it his in fart been «o 

regarded in mort of the observations 
to which we «hall refer Recent woth 
has, however shown that it is divisible 
into three well-differentiated types 
and that this differentiation is of 
considerable importance from the 
medical pomt of new The disciL-sion 
of this particular problem may, how 
ever, conveniently be dealt with m a 
separate section. 




■r 


Fw 82 — C rfipAlAervr 
From *’4 hours cultute cn LoeSers senuo 
(X 10001 


Habitat 

Though attention has m the past been conceiitrated aliao«t entirely on the 
parasitic members of the Corynfbadfnum group, which live mainly on the stin 
and mucous surfaces of their animal host, there is reason to believe that some 
members are adapted to the saprcqibytic life Diphtheroid bacilli are common m 
heated imll products (Mattick 1944) and appear to occur also m the soO. Many 
of the para'itic species ate pathogenic, other* form au important constituent of 
the normal bacterial flora of vanoos hosts. 


Morphology 

Theclub-form from which thenameisdenvcd is-xmly one of manv shapes which 
may be assumed bv the individual cells of the tvpe species, C dipAlHerwr This 
organism is mdeed charactenstnally pleomorphic One of the mo^ typical forms 
(seeFig 82), m films prepared from a 24-hoors culture on LoeSer a serum h that of a 
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long, mther slender bacillus, often dightlj curved, with rounded, somewhat swollen 
ends and sometimes with localized swellings elsewhere, and stammg une^eIlI 3 with 
such dyes as methylene blue but m the same, or m other cultures, there will ako 
be found much shorter forma, cells which stam ‘whdly and evenly, cells in which 
the irregular stammg takes the form of a senes of transverse bars, and cells m 
which the combination of uneven stammg and localized sweUings giv'es to a smgle 
bacillus tbe appearance of a short chain of streptococci This diversity of structure 
has led to attempts to classify the vanous forms of C dtphlhertat mto definite t>"pes, 
mdicated by names, numbers or letten, and to a descnption of mdivndual strains m 
accordance •with the predommant morphological form It is qmte true that different 
strams of this organism differ very markedly m morphology and that a notable 
frequency of one particular type of cell may c^ractcnze a particular stram through 
out repeated subcultures It seems, however, very doubtful whether it is wise 
to assign labels to different strams of this organism on the basis of morphological 
characters alone lloreover, as Goldsworthy and Wilson (1912) have shown the 
morphology of diphtheria bacdli vanes greatly on different batches of LoefSer s 
serum, dependmg on its mode of preparation A etram which, on one batch, 
develops mto typical long, curved, granular forms may, on another batch, appear 
as short rods devoid of granules, closely resembling an ordinary diphtheroid bacdlua 
The interest shown by the older workers in the morphology of the diphtbena 
bacillus aa a cntenon of differentiation from other members of tbe group was due 
mamly to the extensive use of'stroLe cnltores on Loeffler’s serum Smce the 
introductioQ of blood tellonte medium reliance has been placed to an mcreasmg 
extent on the appearance of individual colomes, and morphology has been degraded 
to a secondary position Furthermore, each of the three types of diphtheria 
bacillus now recognized, gravis, mtemedius. and mitta, has been found to possess 
its own more or less characteristic morphology^with tbe result that microsoopical 
examination is nsed mote to disttagmsh between these three types than between 
the diphtheria baciUos and diphtheroid bacillL 

Another feature that characterizes C dtjdiUeria as a species, and serves to 
distmguish it from some, but by no means all, of the related ‘ diphtheroids is 
the presence of the metachromaticgninulesdescribedbyBabe3(I88G)andby Ernst 
(1883, 1889) These granules are coloured a reddish purple when a film prepara 
tion 13 stamed with a suitable sample of methylene blue They may be demon 
strated more clearly by the differential stam devised by Neisser, or by one of its 
many modifications A smgle ceD may contam one or more of these granules, 
seldom more than half a dozen, usually two or three When only one or two 
are present they show a definite tendency to be situated at one or both poles 
The arfaDg,ement of the bacilli in film preparations is at least as characteristic 
as the form of the individual cells Adjacent cells tend to be at any angle to one 
another, forming a V or an L according to the degree of angular displacement , and 
groups of such pairs form characteristic clusters, resembling Chinese letters, or 
cuneiform writing It would appear, from the observations of Hill (189S— 1902), 
that this particular arrangement results from incomplete «eparation at the moment 
of division, the daughter cells remaining attached at one point, and bendmg on 
this attachment as on a hinge as growth proceeds 

Finally, it may be noted that C dtphliertai provided the first instance in which 
true branching was demonstrated in a bacillary epecies The observations of 
showed that this appearance was not an artefact, but could be observed to^lak 
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pUce dimng the growth of the living celL This character, among others, deaded 
the Amencan Committee to separate this genos from the Euladenalef, and inclode 
it with some others in a family of the order Aeiif omycelalfs. It has, however, 
been noted in Chapter 2 that radimentaij branching has occasionally been observed 
m such typically bacillary forma aa those of the genus JJarfenum 

The morphology of other species of corynebactena departs, to a greater or less 
extent, from that of C diphtheria Bometimes, as with C one and C irunum, 
the resemblance may be so close that an experienced ob«erver would be unable 
to di«tmguish either of these species bom the true diphtheria bacQlus on morpho 
logical appearances alone Sometimes, as with C hofmanm, the diderences 
are so clear cut that little difficulty arises 

It IS characteristic of many species of diphtheroids that their morphology, as 
displayed in films from young c^tures, is far less variable than that of C dtph 
theria A film of C xerosis, for example, may show a marked resemblance to some 
of the average long forms of C dtphlherta, but while pleomorphism will urually 
be minimal in the former it will be marked in the latter Similarly the so* 
called C coryza segmeniosum may be very similar to the barred form which 
IS sometimes assumed by C diphtheria , but again pleomorphism is slight or 
ab'ent 

With regard to the staining reactions of this group the bare statement that 
the coiysebacteru ate Gram poabve bacQh needs some qualification. The type 
species retains the stain to a sufficient degree to difierentiate it quite clearly from 
the frankly Gram negative bactena , but it is decolonred bv alcohol more easilv 
than ate mauy Gram positive species The metachromatic granules, on the other 
hand, retain the stain tenacioudy , so that moderate overdecolonration, followed 
by the use of a red or brown counterstain, may give a picture very sunilar to that 
afiorded by the use of ICeisset’e stats Of the other speaes within this genus, 
C ho/manni is very resistant to decoloruabon , so that the application of Gram's 
stain, followed by a prolonged exposure to alcohol (15 mins or ao), affords a useful 
difieiential cntenon between these two apeaee Of the rest, some species behave 
as C hofmanm, others as <7 diphtheria Absence of fiagella and lack of motility 
are charactenstic of the genus, as also is the absence of capsulation. 

Cultural Cbaracieis 

With the exception of C acnet, the members of this group grow on ordinary 
Dutnent agar though to a variable degree. Many of the diphtheroids, including 
C hofmanm develop freely, but the growth of all members is improved by the 
presence of natural animal protein. For several decades Loeffiera semm con 
stituted the medium of choice. In stroke cultures on this medium there is a 
(aaly shuztdaat growth witbis 2i havmg a aoist, shghtly creamy and 

sometimes family pigmented appearance The degree of development, however, 
vanes, and all transitions are seen between a slightly raised colourless film and 
a profuse succulent pigmented growth. 

Smce the introduction of blood teHnnte medium attention has been concen 
trated mainlv on the appearance of mdividual colonies, parbenlarly m relation 
to the diphtheria bacillus. In 1931 hlcLeod and his colleagues at Leeds (Anderson, 
Happold, McLeod and Thomson 1931) recorded the diffierentiation of two types 
of t^ organism. One, which waa prevalent in aevere cases, they called , 
the other, which was isolated from mDder cases, they called mitis In a aub'equent 
report (Anderson, Cooper, Happold and McLeod 1933) they extended these observa 
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tions, and concluded that certain stianu which they had found previously to 
correspond to neither the gravis nor the mttis type constituted a third type— now 
generally known as tnfer»icd«« Robinson ai^ Marshall (1934) at Manchester, 
and numerous subsequent workers, have c onfir med the accuracy of these observa 
tions The three colonial tjqjes with their associated morphological, biochemical 
and pathogemc characters are now generally recognued as stable varieties of the 
diphtheria bacillus (see Siemens 1938) 

A general description of the colonial appearance of the graus, tiUermedius and 
mtlij types is rendered peculiarly difficult because of the absence of a standard 
medium McLeod and hia colleagues originally used a heated rabbit blood tellnrite 
agar, on which the differentiation of the three variants was excellent Later, 
however, it was found that some mitts and occasional graus strams failed to develop 
on thu medium Numerous modifications have therefore been introduced Rabbit 
and guinea pig blood in 5-10 per cent concentration give the best type differentia 
tion but arc difficult to obtain in quantity Sheep, horse and ox blood are less 
satisfactory, but they are improv ed either by heating the medium in which they 
arc contamed or by lysis of the red cells (Neill 1937, Hoyle 1911) Agamst the 
first method is the objection, noted above, that some strains particularly of the 
tni/w type, are inhibited by heated blood (Glass 1937, 1939a) , against lysis there 
13 the objection that the ability of the different variants to cause heemolysis on 
blood agar plates is obscured On the whole, therefore, we favour a medium 
made with unheated and unlysed blood contaimsg sufficient potassium telluiits 
to prevent or restram the growth of some of the organisms that are likely to be 
present m the nose or throat A 10 per cent sheep blood 0 5 per cent glucose 
agar medium containing a final concentration of 0 03-0 04 per cent potassium 
tellnrite is satisfactory m practice, though the type differentiation u not so good 
as on IifcLeod's medium 

The colonial appearances of the three types will be summarized more con 
vemently, along with their morphological, biochemical and other characters in 
a later section of this chapter (p 462) Suffice it to say here that diphtheroid 
bacilh aiso dei ehp ca a teihrite medium, forming coJomsa which are ssasdlj' iow 
convex, undifferentiated, about 1-2 mm in diameter varying in colour from pearl 
grey to jet black, with an entire edge, and a smooth, finely granular, or liqnonce 
type of surface Most of them can be easily recognized, but some strains form 
colonies so closely resemblmg the gravts, tnlermedtus or mitw types of the diphtheria 
bacillus that they can be distinguished from them only after careful study of thtir 
other characters 

Growth occurs readily m broth but is seldom abundant The degree of turbidity, 
p)fi\luiV AfiunfAuir, jfiiiuuvnt sm! jwAiw Jif Jihp sesp voJib different 

members of the group , with some species, as for instance the three types of 
diphtheria bacillus, they are of value in identification 

Growth m gelatin at room temperature is generally poor to moderate A few 
members of the group, like C evts, C pyogenes, and certam diphtheroids liquefy 
the medium, but most members, including the diphtheria bacillus do not Wright 
(Report 1942) has drawn attention to grams like strains of a toxigemo diphtheroid 
bacillus that liquefy gelatin m slope but not in stab culture 

Resistance —C diphthencB is readily kiUed by heat, suspensions of the bacilb 
failmg to survive 10 mmutes’ heatmg at 68* C It is also easily destroyed by most 
of the usual antiseptics It would appear to be relatively resistant to drymg, 
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tboagh the endence on this point la somevhat conflicting Concerning the resist 
ance of the vanous species of diphtheroid bacilli we ha\e far Ie<« precise infonna 
tion , such data as are available suggest that they beha\ e, in this respect, in much 
the same way as the type species. An exception must, however, be made for 
C eqm, which is report^ by Karlson, Moses and Teldman (1910) to be unasnallv 
resistant to certam chemical disinfectants like oxalic and that ate used lu the 
cultivation of tubercle bacHli from contaminated material Most vegetative 
organisms are destroyed within 15 minutes by exposure to 1 5 per cent, oxahc 
acid , C cjui 13 said to resist even a 5 per cent solubon for an hour 
Metabolism and Growth Requirements 

The os^gen regiurements of dilTerent species within this genus vary widely 
Though all species are apparently able to grow m the absence of gaseous oxygen, 
some species, including C dxphkfna itself, develop far more freely under aerobic 
conditions and dl^play this preference by growing as a film or veil over the surface 
of a bqmd medium. Other ‘qvecies «nch as C acnei and C typTii, are microaetophilic 

The temperature range over which roost members grow m arbflcia! media 
extends from about 15® to 40® C , with an opbmum at about 37® C 

It has already been pomted out that the growth of all «pecies is unproved 
by the addibon of a natural animal protein to the medium Both hlo^ and 
serum favour growth, but some member*, particularly the mi/is type of C dxphlhence 
are inhibited by heated blood as well as by blood treated by acid or alkali. Accord 
ingto GUas (1939u, 6) this effect is apparent only in aerobic culture, and is abokhed 
by the addibon of «odium hydro.dphite or bv anaerobic culbvation 

So far as growth on lysthebc media u coocenied our xaformabou is as yetrelatiralr 
scanty in spite of a considenble of expenmentsl data (tee Uschi&sky 1S93, 1S97, 
Hadley 1907, Hadley and Gorham 1907, Hoser and Rettger 1919, Dans and Ferry 1919 
Ton Groer 1923, Hosoya and EnroTt 1933 Robertson 19®4 Bntm and Hofineter 1937, 
Braun and Mundel 1937, 1939, Braun Hofmeier and Muede] 1930, Marer 1930, Londemann 
1932, Ehnsmann 1933-33 1933, Hottinger and HotUager 1933 \itsch 1933 Schmidt 
1933-34 Wadsworth and \ybeeler 1034 Kmgbt 1^6) It mav be sammanzed by noting 
(1) that C dtphOima appears to be incapable of growth with ammonia aa the sole source 
of nitrogen, carbon bemg supplied in au organic form . {2} that growth, and toxin produc- 
tion often occur when amino-acids are added to such a synthetic medium, and that 
among these ammo-acids, cystine, aspartic acid and perhaps tryptophan appear to be 
mdispensable , and (3) that it is only certain Don-exaebng ’ strains that are capable of 
growing in such a medium, and even with these strains toxin production is nsually much 
les abundant than with a more adequate food supplv Knight (1936) emphasizes the 
difficulty of assessing the teal sigmficaDce of manv of the recorded findings m new of the 
great difficulty of obtaining most asurto-acids in a state of chemical puntv 

Attempts hare been made (Bunker 1919 Bosova ef of 1933 Mueller rt a/ 1933 Mueller 
1935<i, b e) to identify the additional substances required for active growth and toxin 
produebon by fractionating peptone, meat extract and other fypes of complex protein 
extracts or hvdrolvsatcsm which C djp^ttmiBisknowiitogrowabundantlv Considerabie 
progress has been made along these lines («ee Qiapter 3) 

Bicx^iemical Beacboos 

The carbohydrates most frequently employedas test substrates for the difi’erentia 
tion of species within this genus are dextro«e, maltose and saccharose The tvpe 
species, C dipklkertte, produces acid but no gas m deitro«e and maltose, but does 
not attack saccharose Other species, such as C rerotu produce acid m all three 
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sugars , others again, such as C 'hofmaKnx, attack none of them No species 
prodnces gas Within the species C dtjihlhma the graus type ferments starch 
and glycogen, the wiitis and types do not In practice great care 

is necessary in the preparation of the lAediam if reliable results are to be obtained 
A medium containing serum is almost indispensable, but it has certain dravrbacks 
The serum, for example, may contain salficient fermentable carbohydrate to give 
a fal«o reaction, this can be oaercome by suitable buffering Unheated horse 
serum may hydrolyse starch due to the presence of a natural diastase (Hendry 1938) 
this may be destroyed by heating Not all samples of soluble starch are satis- 
factory , each sample should be tested before use 

\ suitable medium may be prepared by dis«olviftg 0 6 per cent peptone and 0 1 per cent 
NnjlIPO, in 1,400 mh of dutilled water, eieanung for 15 minutes filtenng adjusting 
to pn 7 4, adding 250 ml of horse scrum steaming for 20 minutes, adding 11 ml of 
Andrade’s indicator, adjusting to pH 7 0-7 8. tubing in 3 ml quantities, autoclaving at 
10 lb for 10 minutes and adding to each tube separately sufficient of a stenle solution 
of the sugar in dialilletl water to give a final concentration of 0 4 per cent starch or 
I per cent of other sugars (Robirison 1940) 

A more detailed and extended table of the fermentation reactions of ten 
named, species within this genu^, and of eleven unnamed diphtheroids examined 
by Barratt (see Andrewes tt al 1923) is appended to this chapter, but experience 
has tevealed the existence of several more fermentatne types The fermenta 
tiou of certain other substrates by different varieties of the type species is con 
stdered below 

We may note here that certam species and types within this group, for instance 
C oils, C pyiyeiies and certam unnamed diphtheroids liquefy gelatin, while 0 dtph 
tJieria and most diphtheroid organisms do not 

JIany strains of C dtphlhervx, but not all, produce areas of hasmolysis on blood 
agar plates, and l)so red cells when these nr® added to broth cultures (Schwoner 
loot, Costa et al 1918, Goldie 1933) The red cells of the guinea pig are the most 
eensitiie, then those of the rabbit, horse, man. pig, mouse and sheep in this order 
There is a conflict of ea idencc m regard to the production of a soluble h»molysm 
The carher obseriers stated that culture filtrates did not cause hemolysis, but 
Goldie (1933) reports that cell free filtratea are hremolytic, and that their activity 
runs roughly parallel to their toim content, though the hiemolysm is not neutralized 
by antitoxin There is a similar conflict m regard to the heat resistance of the 
hajmolytic agent, whether it be intracellular or cxtracellnlar It was originally 
recorded as being mactiiatcd by beatmg to 58” C for half an hour Goldie states 
that It IS not inactivated by boding Lysis around colonies on blood agar is of 
some valjie in distinguishing between the three types of the diphtheria bacdlus 
Most mifis strains are haimolytic, xniermedtus strains are not, and grams strains 
vary in their activity 

Two species of diphtheroids that are pathogenic for animals, C ovu and C 
pyogenes, abo exert a hamolytic action on the red blood corpuscles of various 
species mcludmg the rabbit and horse The other species and types within this 
genus that hai e been examined from this pomt of view appear to be non biemolytic 

Some diphtheroid strains form phosphatase , the true diphtheria bacillus never 
does The production of tins enzyme may be tested for on a medium containing 
phenolphtbalem phosphate (see Bray 1914) 
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antigenic relationship between these species, or between either of them and any sero 
logical typo of C diphlhtnae Similarly, Bsiley (1925) studied two strains of tongemo 
C dtphlhen<e, two of C hofnuxnm and three of C xerosu, together with seventeen non 
tosigemc strains of C dipMJience Ho was nnable to detect any significant antigenic 
relationship between these two speaes of diphtheroids and the diphtheria bacillus 

The fact that agglutination 'testa fail to reveal any anbgemc relationship between 
C dip7ilhtrt(B and the various diphtheroid organisms, does not, of course, mean that there 
IS no sharing of antigenic components between them It means only that, if such sharing 
emsta, the shared antigens, either because of their position in the bacterium or for some 
other reason, are not concerned in the agglutinatwn of the intact bacterial cells It is not, 
therefore, surprising to find that certain antigenic components are distnbnted widely among, 
the corynebactena, and even among related genera Thus Krah and Witebsky (1930) 
record that alcoholic extracts of the diphtheria bacdlas. of certain diphtheroids and of 
the tubercle bacillus all fix complement m the presence of an antiserum prepared against 
anyone of these organisms Again, a strain oTC diphtheneg that has undergone antigenic 
variation and lost its type specific surface antigen may agglutmate with antisera prepared 
against diphtheria bacilli of other serological types or against various diphtheroids Neill 
and his colleagues (1931) have described such a stram 

Toxin Prodoclion and Pathogenicity. 

The tJTie fipecies, 0 diphlhfrue, is an unportant human pathogen giving rise 
to a chanictenstic and often fatal disease, the lemons of which are, m the mam 
produced by the action of a powerful evotoxw This diffuses throughout the body 
hom the primary focus of lofeetion, which >s most frequently situated m the tonsillar 
region The pathogenesis of diphtbem in man, and its diagnosis, prevention and 
treatment so fat as these depend on bactenological methods, are dealt with m 
Chapter 61 The characters of the specific toxin, its effects on certam laboia 
tory animals, and its immunological relationships wjth toxins produced by other 
species and types within this genus, are. however, so important as differential 
cnterifl, that it is necessary to discuss them here 

The production of diphtheria tono m artificial culture has been the subject 
of a large series of empirical observations From these it is clear that optimal 
toxm production demands conditions which are not necessary for optimal growth 


Davis and Ferry (1919) tested the vnlue of media prepared from beef infusion, peptone, 
and meat extract in various combinationa with each other The presence of beef infusion 
was fotmd to be essential This was laler disproved by Wadsworth and Wheeler (1934) 


who devised a synthetic medium containing 2 per cent of peptone on which a toxm 
of high potency can be prepared (Eaton 1936, Fappenheimer and Robinson 1937) Hartley 
and Hartley (1922) tested various specimens of peptone, and found that while each 
brand of peptone gave a characteristic onrvo of toxin production, it was impossible to 
predict the value of any one brand by a prebmmary chemical analysis Hartley (1922) 
pointed out the superiority of a tryptic digest of horse muscle as a medium for the pro 
duction of toxm, and hw findmgs have been confirmed and extended by Watson and Lang 
staff (1927) who ako confirm his observation thnt thevaloeof such a medium is markedly 
influenced by the method of stenlization. In addition W growth promoting substances, 
there are apparently toxin inducing substances present, winch are very Labile to heat 
when the pH is at neutrality or on its alkalme aide Autoclaving at pH 8 0 or over may 
completely destroy the' value of a medium for toxin production This may be avoi ^ 
by filtration through a Seitz press followed by a Bhmt steanimg The addition to the 
medium of maltose, or certain other energy sooreea considerably increases the jjeld 
particularly if sodium acetate or lactate is also added (Pope 1932 ^mon^d fcrth^t 
1932, Pope and Smith 1932, Pope and Heajqr 1933ff Pope and Lmggood 1939) The 
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iron content of the medium has to he carrfolly adjusted (Pappenhcuner and JoIms> n 
I93G) The uutial reaction of the medium is of great importance, a fact which has been 
emphafiucdbymanj’workcrs(Bunker J919 HartkjlO^ \ndrewc3etaf 1923 WaUonand 
lADgstaff 192") The roost faTourable starting reaction is at or just below pH 8-0 and it 
IS important that dunng the 7 to 10 dars which ebpsc between sowing the culture and 
harvesting the tosm the reaction should not swing far towards neotriity The range 
over which growth of C. diphJhtrta takes place extends from about pH 5-7 to pH 8 7 
but the zone over which toim prodncUon occurs appears to be lumted to pH 7 5-S 2 
The growth of the organism during its initial stages is associated with a slight prodnetion 
of acid probably denved in part from rutrogenous constituents of the roedimn. loter 
there is a rever«ion m the alkaline direction doe to the ephtting np of these organic 
acids with the formation of carbonates. The balance between these metabolic activities 
IS in part detemuned by the oxygen pressure to which the cultnro is anbimtted Partlv 
for this reason partly perhaps for others the shape of the W-ssfc in which the medinin 
18 contamed the thickncsa of the layer of medium itself and the type of plug used for 
closing the mouth of the flask all exert an infloenco on the grade of prodnecd. 
It IS also important to eliminate any movement which will prematurely break np the 
vefl of growth which forms at the snHace of the medium. In practice it is found that 
the best results arc obtained by growing the organism in a shallow layer of medium 
in a eihndncal battle which is kept Inng on its aide and is plugged loosely with gauze 
or cotton wool (Bunker 1919 Hartlev and Hartlei 1*^ Andrewesctal 1923 Watson and 
Langstaff 1*^ Pope and Healev 19335) The cultom are incubated at 3"* C for 7 to 10 
dava at the end of which time phenol « preferably toluol is added m rofBcieot strength 
to ensure sterilization the flasla are allowed to stand for '‘4 hours and the coDtenU are 
filtered. The crude tozifl so obtained has now to be freed from the vanous non toxic 
substances such as toxoids and snbrtances denved from Iho bacterial tells and tbe medium 
with which the pure toxin u contaminated P ro g r eea has been roads in the attempt to 
isolate diphtheria toxin m a pore form but complete snccess has not vet been schieved 
This is u part due to the fset that the toxin ts very labOs, sod is teadilT inactivated or 
destroved by heat or strong chemical rcacents It is probable that the spemfio matenal 
of a tome ^trate — ^ioxm and toxud— constitutes a very small fraction of the total con 
stitnents of the crude filtrate (about J per cent according to Gleimy 192o(i) A con 
Eiderable concentration cun be achieved by precipitat on with weak acids, or ammonium 
sulphate or acetone or by dialysis, or by fractional filtration through graded coQodion 
membranes, or by adsorption on to aluminnim hydroxide followed by elation, or by a 
combination of thece methods (see Cteony and Walpolo 1915 Wateon and langstaff 
1926 Locke and Mam 1928 LeuLer ti oJ 1931 Bunny rt al 1931 Schmidt 1931 Schdudt 
flal 1931 Tasman and Fondman 1931 Brandmjk and Tasman 193'’ 1933 Zajdel 193' 
Tasman and van Waasbergen 1932 Wadsworth ti ol 193'* Leonard and Holm 1033 
Wadsworth and Quigley 1934 Eaton and Bayne-Jones 1934 Goldie 1934} Eaton (1936) 
however has shown that the toxm is denatured by acid, and therefore recommends a 
method of purification which does not necessitate ^e use of this reagent 

The evidence so far obtained suggests that diphtheria toxin is a heat-coagulable 
protein The purest preparations contain shont 16 per cent nitrogen 0-75 per cent 
sulphur 9 per cent tyrosine and 1 4 per cent tryptophan The isoelectric point 
ts pH 4 1 The toxm is extremely sensitive to denaturation by eolubons more 
acid than pH 6 and by moderate beat The amount of mtrogen per floccnlating 
(Lf) nmt is O-00IM5 mgm and the M LD for guinea pigs is about frOOOl mgm. 
(Eaton 1936 Pappenheimer 1937 tappenheimer and Hobmson 1937) It is 
actively anticemc and when injected into animals, stimulatea the production of 
a powerful antitoxin. It can be converted into toxoid by suitable treatment with 
fonnahn , m this state it will cause a preopitate when mixed with specific anti 
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serum and will give rise to antibod7 prodoctioa in amtoals, but is no longer toxic 
It appears to be produced withm tbe bodies of the bacilli since toxin is liberated 
m bactennl suspensions submitted to treatment with sonic vibration (Morton and 
Gonzalez 1912) 

The classical paper in which LoelBer (1831) first described the isolation and 
characters of the diphtheria baciUns, and the report by Some and Yersin (1888) 
of the separation of the filtrable toxin, cootam descnptions of the lesions produced 
by the living organism, or by its separated toxin in a variety of laboratory ammals 
These original observations have since been extended by a host of experimental 
studies It will suffice to note here that, among laboratory animals, the gumea pig 
and the rabbit are the most susceptible, while rats and mice are extremely resistant 
Dogs, cats pigeons and other birds appear to occupy an intermediate position 
(Sec Loeffler 1884 1890, Boux and Yersm 1888 Wernicke 1893 Goodman 1907 
Coca et fli 1921, Glermy and Allen 1922, Andrewes el fl? 1923) It may be noted 
that the bacillus appears to have little power of tissue invasion , whether the 
inoculum consists of a living culture, or of a toxic filtrate, death occurs as the result 
of a toxumia in the stnet sense This genera! statement may require minor 
modification in regard to certam aaneties of the dipbthena bacillus (see below) 
For our immediate purpose it will suffice to note the sequence of events that follow 
tbe in)ectioQ of a Imiig cultnie, or of a toxic filtrate, into the guinea pig 

If a gumea pig » inoculated subcutaneously mto tbe flank with a does of a virulent 
culture or of a toxio filtrate of a size which will produce death withm a few days, a soft 
cedernatous swelling usually appears at the site of moculation withm 12 to 18 hours and 
gradually extends About the time the swcUmg appears or shortly thereafter the animal 
becomes obviously ill developing a staring coat and sitting crouched m lU cage Death 
nsuaUy occurs between 18 and 0(3 hours according to the size of the dose of culture or 
filtrate moeulated With very large doses the time to death may be even shorter but is 
never less than 10 to 14 hours (see Gtenny 19256) Animals that survive beyond the 4th 
day may develop cachexia and paralysis and die at some later period, but the pathogenesis 
of this condition appears to be essentially different from that of the acutely fatal toxemia 
and it la with the lattei that we are here concerned When a guinea pg that has died 
within 4 days after a subcutaneous inoculation is examined post mortem, the typical 
findings are as foUoivs 

At the Bite of inoculation is found an extensive area of gelatmous hamorrhagie cedema 
extendmg to the skin superficially, and deeply to the musclee or to the panetal peritoneal 
membrane If the animal survived for several days the tissues in the more central 
parts of the cedernatous area may be obviously necrotic Tbe regional lymph glands are 
usually swollen and congested The pwitoneum may contain a varymg amount of fiuid, 
which may be clear, cloudy or blood stamed The abdommal viscera as a whole are 
congested , but the most stnkmg lesion is the marked awelfmg and congestion of the 
adrenal glands On macroscopical section there are seen to bo scattered hsmorrhages 
situated in the medulla m the cortex or m both Sometimes all naked-eye distinction 
between cortex and medulla is lost On opening the thorax a serous exudate will often be 
found m the pleural cavities, usually clear sometunes cloudy or blood stamed A pen 
cardial effusion may or may not be present Films prepared from such effusions reveal a 
marked preponderance of mononuclear cells 

It is of some interest to note the relative frequency of the more important lesions 
associated with acute diphtheritic toxwmia in the guinea pig \\ right (1894) records tbe 
findmga m 160 necropsies a local lesion was present in 90 per cent of the animals . con 
gestion of tbe adrenals in 81 2 per cent , and a pleural effusion in 42 6 pet cent Banatt 
(1923) records the post mortem findings m 50 gumea pgs which died within 72 hours after 
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sometimes it has been apparently healthy It is exceedingly difficult, from the 
published reports, to determine whether these organisms have, or have not, played 
any pathogemc role , and m most instances they have not been studied in sufficient 
detail to allow of any systematic identification or classification We shall therefore 
confine ourselves here to a hnef descnptioa of the lesions produced by the named 
species referred to above 

C ous, often referred to as the Preisz Nocard bacillus, (see Nocard 1889, Preisz 
1894) causes caseous lymphademtis in sheep and ulcerativ e lymphangitis in horses 
It differs sharply from C dtpJilJience in that it is a pyogenic organism, and invades 
the tissues It resembles C diphthma m producmg a filtrable toim 

Nicolle, Loiseau and Forgeot (1912) have careftiUy recorded the lesions met with in 
gumea pigs, which have died as the result of inoculating either living cultures of C ovis 
or bacteria free filtrates subcutaneonaly In the former case, and where the dose of living 
culture has been so adjusted that the animal dies about the 25th day, subcutaneous abscesses 
develop m various situations donog life At necrop^, in addition to these superficial 
lesions, small granulomatous masses are found lo the bver, spleen and lungs and beneath 
the panetal pentoneum Id the male gnmea-pig sunilar lesions are found m the tumca 
of the testis and epididymis Some of these lesions may have developed mto Urge caseous 
or caseo-pnrulent masses 

When a guinea ptg is injected subcutaneously with a fatal dose of a toxic broth filtrate 
death occurs witbon a few days often lo less than 24 hours, from an acute toxsnua The 
necropsy findings in such cases are entirely different from those described above There 
IS a local, subcutaneous, infiammatory, gelatmous cedema at the site of inoculation, often 
bamonhagio in character The abdominal vucem are congested, and often show small 
hsmorrhsges, particularly m the stomach large intestine, and kidneys The latter may 
be almost black m colour There is however, no congestion of the adrenals and no 
exudation into the pleura Hall and Stone {1916) give a very similar picture 

Again. Petrie and hIcGean (1934) state that the effect predneed by the injection of 
C ons toxin mto the skin of a guinea pig diffecs from that produced by the injection 
of diphtheria toxin The former gives nso to a definitely papular lesion, and if the 
dose of toxm mjected is large the lesions become fustular According to Came (1940) 
who defines the optimal conditions for toxin production, guinea pigs, rabbits sheep goats, 
pigs, borscs oxen dogs and cats are all sensitive to its action. 

It has been shown by Bull and Dickinson (1935) that the pyogenic substance is largely 
contamed ui the bacterial cells, os la suggested by tbe observations of Nicolle and his 
coHeagnea, and that it is relatively thermostable Suspensions of C ons, killed by heating 
at 60° C for 1 hour, no longer produce toxio death m susceptible animals, but they give 
nse to atenie abscesses when injected in adequate dosage 

It may be noted that the exotoxm of (7 ovw is different from that of C diphtheria 
Nicolle and his colleagues found that an antitoxin prepared against the former 
gave specific protection agamst C ous toxm, whereas none was afforded by 
diphtheria antitoxm Dassonville (1907) Hall and Stone (1916), Minett (1922<i, 
h), and Barratt (1933) recorded some degree of protection by diphtheria antitoxin 
against the toxin of C ova , but the detailed study of Petne and JIcClean (1934) 
leaves little doubt tbat these effects were due to the fact that the sera of normal 
horses may contain varying amounts of C otw antitoxin (£7 mis is a natural 
pathogen of the horse), and that the two toxins are immunologically qmte distinct 
from one another 

Petne and JIcCHean have however, found evidence of the existence of vaneties of 
diphtheroid bacilli that are, m respect of certain characters, intermediate between C 
dtphlhena and O otts These diphtheroids, all isolated by venous observers from the 
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the injection of 2 niL of a nrnlent cnltnre , vdema, of varying degree, was present at the 
site of inoculation in 94 per cent, of the anunaU ; the adrenals were ahnorma] m aD and 
are noted as pmk in 4 per cent., red in 22 per cent., and deep red m 74 j*r cent ; a pleural 
exudate was present in 44 per cent 

For details of the histological changes associated with these lesions, reference may be 
made to the monograph published by the ^fedical Research CounciL Wo mar, however, 
note a few pomts which have a direct bearing on diphtheria as it occurs in man Mollard 
and Begaud ( 1 895) recorded the occurrence of degenerative changes in tbs myocardium in 
experimental dsphtbma, and Rexner (18S7) noted that fatty degeneration of the cardiac 
muscle was almost constantly present u animab which died within a short time after 
mocnlation. There has been some discnssion as to whether these changes are primary, or 
are a sequel to an imtial reaction m the interstitial tissue, or to a pnmarr I<‘su>n ofaflerent 
nerve fibres. The careful and detailed studies of Dudgeon (1906) gave a clear answer to 
this question, and afforded strong experimental support to the suggestion of Bolton (1905), 
that the direct acbon of diphtheria toxin on the cardiac muscle is the most important 
cause of acute cardiac failure in human diphtheria. KTstntnmw a large senes of guinea- 
pigs, killed or dyu^ m vanoos etsgea of acute diphthentie toxx mi-^ Dudgeon demonstrated 
the occurrence of fatty degeneration of the diaphragmatic mnsde within 4 hours after 
inoculation, and of the eanliac mnscle within 16 hours. Similar results have amre been 
recorded by Jaffe (1920) 

We may note also, amc« this method is now frequently employed in the identification 
of a tozigeruc strain of C difAlientr, that the intraderms] injection of toxin, or of livug 
baelUi. leads to a localized erythematous temon, followed hr secrosu (Rfimer 1*09) Hus 
effect, as also the lethal action of the nbcntaoeoos lojecbos of larger doaea, can, of conise, 
be specifically neutralized by an antitooe eenun. 

Althoagb the prodnctioo of this filtrable toxu, with its rhanictenatic action 
in the gmnea pig and its property of being specifically sentrahsed by the homologous 
sntitosiQ, u one of the most important characters by which C dip^liene is identified, 
there exist strains of bacilli that, while conforming m all other respects with the 
diphtheria baciUns, fad to form this filtrable (oxin. Tbe«« ^trains are commonly 
classed as non tomgenic, or anralent, diphtheria barllb Whether they should 
m all cases be assigned to this speaes is perhaps donbtful , but there can be no 
reasonable doubt that many of them, at least, are actually non tosigemc vanants 
of C dipMimce We have noted above that certain avirulent strams can be shown 
to be antigenically related to typical toxigenic strains, and the actual emergence 
of an avirulent \anant from a virulent organism, under laboratory conditions, has 
been recorded by several observers. 

Thus Crowell (1926), startmg from a 'ingle-cell culture of a fully virulent stram, 
derived from this parent culture a senes of daughter *ttrains, one of which was 
entirely aviiulent 431 attempts to raise the viinlence of this % anant were without 
result Cowan (1927) records the denvation of avirulent variants from 2 strams 
of virnlent C diphtheria, one of them the classical “ Parh 8 ” which has yielded 
toxin to most laboratories m the world These vanants were “ rough,” m the 
sense that they formed small, raised, dense and granular colomea, and gave increased 
deposit m broth, with an absence of pelhde formation 

The diphtheria bacQlns is not the only species of Corynebadenum that is patho- 
genic under natural conditions. C orw, C muntim, C pyoffene*, C equt and 
C renaJe certainly fall into this cat^oiy So probably does C acnes 

A great variety of diphtheroid organisms have, at one time or another, been 
isolated &om vanous tissues m man and animal.^ Sometimes the tissue from which 
the diphtheroid bacillus was isolated has been the 'ite of some obvious lesion , 



PATUOOENICITT OF C OVIS 


Bometimes it has been apparently healthy It is exceedingly difBcult, from the 
published reports, to determme whether these organisms have, or have not, played 
any pathogemc role , and m most instances they have not been studied m sufficient 
detail to allow of any systematic identification or classification We shall therefore 
confine ourselves here to a brief descnption of the lesions produced by the named 
species referred to ahoi e 

C 01 w, often referred to as the Preisz Nocard bacillus, (see Nocard 1889, Preisz 
1894) causes caseous lymphademtis m sheep and ulcerative lymphangitis in horses 
It differs sharply from C dtfhOienas in that it is a pyogemc organism, and invades 
the tissues It resembles C di^thena in produemg a filtrable toxm 

NicoUe, Loueau and Forgeot (1912) have carefully recorded the lesions met with in 
guinea pigs, which have died as the result of inoculating either living cultures of C ovts 
or bacteria free filtrates subcutaneously In the former case, and where the dose of living 
onlture has been so adjusted that the aounal dies about the 2oth day, subcutaneous abscesses 
develop in various situations during life At necropsy, to addition to these superficial 
lesions, small granulomatous masses are found in the bwr, spleen and lungs and beneath 
the parietal peritoneum In the male guinea pig aunilar lesions are found m the tumca 
of the testis and epididymis Some of these lesions may have developed into large caseous 
or easeo purulent masses 

When a guinea pig is injected subcutaneously with a fatal dose of a toxic broth filtrate, 
death occurs within a few days often in less than 24 hours, &om an acute tozamua The 
necropsy findings in such coses are entirely different from those described above There 
IS a local, suheutaoeoue, loflammatoiy, gelatmons (edema at the site of inoculation, often 
hiemorrbagiQ in character The abdominal viscera are congested, and often show small 
hsmorrhages, particularly in the stomach large intestine, and kidneys The latter may 
be almost black in colour There is, however, no congestion of the adrenals, and no 
exudation into the pleura Hall and Stone (1916) give a very similar picture 

Again, Fetne and UlcCtean (1934) state that the effect produced by the mjection of 
0 o»s toxm into the skin of a gumea pig differs from (hat produced by the injection 
of diphtheria toxm The former gives rise to a definitely papular lesion and if the 
dose of toxin injected is large the lesions become pustular According to Came (1940) 
who defines the optimal conditions for toxin producticHi. guinea pigs, rabbits, aheep goats 
pigs, horses oxen dogs and cats arc oU sensitive to its action 

It has been shown by Hull and Dickinson (1935) Uiat the pyogenic substance is largely 
contamed m the bacterial cells, as is suggested by the observations of NicoUe and his 
colleagues, and that it Is relatively thermostable Suspensions of C m-te, killed by heating 
at 60* C for 1 hour, no longer produce toxic death m susceptible animals but they give 
rise to sterile abscesses when injected in adequate d<»3ge 

ItmaybenotedthattheexotoxmofC? ous is different from that of C dvpHhencE 
NicoUe and his coUeagues found that an antitoxin prepared agamst the former 
gave specific protection agamst C otts toxin, whereas none was afforded "by 
diphtheria antitoxin Dassonville (1907) Hall and Stone (1916), Minetfc {1922a, 
6), and Barratt (1933) recorded some degree of protection by diphtheria antitoxin 
agamst the toxin of C otu , but the detailed study of Petrie and McClean (1934) 
leaves little doubt that these effects were due to the fact that the sera of normal 
horses may contam varying amounts of C oms antitoxin {C oiis is a natural 
pathogen of the horse) and that the two toxins are immunologically quite distinct 
from one another 

Fetne and McClean have however found evidence of the existence of vaneties of 
diphtheroid bacilli that are, in respect of certain characters, intermediate between G 
liipMktrite and C ows These diphtheroids, all isolated by various observers from the 
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human throat were ongmaDy etudied Bairatt (1933) who found them to have the 
power of liquefying gelatin a properfy posseted bv C on« but not by <7 rf phlhena, 
Petne and iIcClean found that one of these strains produced both diphtheria toxin and a 
toxin that was immunologtcally related to that oiC ovu The remaining strains produced 
only a toxin related to that of C oru Two strains. simELar to those of Bairatt have 
been described morerecently hy^nght at laverpool (Report 1942) Both strains resembVd 
the prana type of diphtbena badllus in Uie» coloiiul appearance fennentat on ofslarcb 
and Tinilenee to the gumea p g but differed from it in liquefying gelatin in slofw culture 
at 22® C though not m stab culture at 2^ C or T* C m bemg inagglutinable with pram 
type antisera and m bemg apparentir unaffected by dip! thena ant tonn even lOOOO 
units of antitoxin &iled to protect guinea pigs against the usual test dose of cnltnre 
and the organisma were easily recoverable from the heart bloocL Ore stram killed a rat 
mjectod intrapentoneally Whether the toxin formed by these strains was neutralized 
by C ons antitoxin is not recorded 

C pyopcMea was fir^t dcscribecl b) Lucct(I893) who isolated it from suppurative 
lesions in cattle S milai orgaoisms were isolated from similar lesions in cattle 
and swme by Grips (189a) Kunoemann (1903) and Glagc (1903) Since then they 
have been recorded by many workers (see Holtb 1908 Pocis 1912 Ward 1917) 
The lesions to which they moat frequently give rise under natural conditions 
appear to be euppuratire pneumonia suppurative nrtbntui and other suppurative 
lesions including mastitts the aousaU affected being cattle, pigs sheep and goats 
(see hlercfaant 193o Uagousson 1933) 

\mong laboratory ammaU tbe rabbit appears to be most susceptible guinea 
pigs less «o and mice relatively resistant {«ee Holtb 1903 Ward 191T Brown and 
Orcutt 1920) 

The mjectionofbnng cultures of C pyepeneeioto the rabbit is followed by the develop* 
inent of localized abscesses if the injections are given subcutaneously If they am given 
intravenously or if geueralizahon occurs after a subcutaneous inoculation abscesses 
develop in bones and joints less frequently in other organs. 

C ons and C pjoffenss produce suppurative lesions m animals both liquefy 
gelatm and both produce haimolwis There is however a general consensus of 
opinion among those who have worked with them that thej are different species. 
They tend to affect different animal bo^ts and among laboratory animals the 
guinea pig is very 8u«ceptible to lafectioo with C orw but relatively resistant 
to C pjogenes There are also cnltural differences C pjogenu liquefies gelatin 
rapidly and constantly C ons slowjv and irregularly On a medium containing 
blood serum C pyogents gives small dewdrop colomes which slowly enlarge and 
become granular in the centre <7 tms gives colonies that are circular 
umbonate and opaque with a tendency to develop a yellowish pigment Both 
organisms form a filtrable toxm The toim of <7 ppgn « read es its irmnmum 
concentration m culture after 43 hours at 37® C (Lovell 1937 1944) that of C ons 
m about 5 days ((^me 1940) Lovell finds that the toxin of C pyogenes is appar 
ently identical with the hiemolynn but the toxm of C ovts according to Came 
(1939) IS unrelated to the hamolyam. It would appear that the toxins of the 
two on'amsms are distinct the results of cross protection tests with antitoxin 
are however still awaited 

An organism that has sometimes been confused with C pyogenes is C. cy » 
which was isolated by Magnuson (1923) in Sweden from foals affected vnth pyamia 
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Tbe differential characters of the two oigaDisms are enumerated on p 409 under 
C eqvi 

Enderlen (1890-91) descril ed a diphtheroid bacillus that he had wlated from tbe 
pus from a cow suffering from pyehtw This onanism has been nnmetl C renah 
A similar organism was isolated bj Fmst (1905, 1906) , and Jones and Little (1925) 
record an outbreak of infectn e cj-stitis and pyelitis in three dairy herds associated 
with the constant pre«ence of a diphtheroid bacillus In this last instance, at least, 
there would seem to he no reasonable doubt that tbe bacillus was aiviologically 
related to the disease , though tbe oamc organism maj often be isolated from 
the genital tract of health} cahes (Jones and Little 19S0) There are as far as 
we know no records of the Ic'ions produced by this organism in laboratory animals 
though Jones and Little hare reproduced the dnease m cattle Ernst, indeed 
states that the bacillus i«olated b} him produced no lesions in any animal and he 
therefore regarded it as dci oid of pathogcipo significance No attempt has appar 
ently been made to ascertain whether it produces a liltrable toxin Its claim to rank 
as a separate species must rest in part on its predilection for the urmary tract in 
cattle but mainly on its behariour m the laboratory It is recorded as not produc 
ing a hremoly'm and not liquefying gelatin m both of which characters it differs 
sharpl} from C pyogenes (Merchant 1935) 

C iniinum, which was first described by Eutseber (1894) gives rise to a 
natural duease in mice, and its pathogenic activity is apparently confined to 
this small laboratory animal It has been in/ected without effect into the guinea 
pig, nbbit, cat, dog, pigeon, hen, rat, goat, calf, sheep cow and horse (Kutsclier 
1894, Bongert 1901), bat Gundel, Gyorgy, and Pagel (1932) ha\c recorded spon 
taneoua infections m rats on a vitamin deficient diet We may p\e here a brief 
description of the natoial disease as well as of the results of experimental inoculation 

The natural duease has been described by Kutseber and by Bongert and bos been 
observed on many occasions by tbe present authors durmg necropsies on mice though it 
IS certainly relatively mlteqaent Tbe most eharacterisUc lesion in the naturally occurring 
disease is the presence of large firm caseous areas m the lung In sections or films from 
tJiese lesjOBs rlw baetHi arp ufusiJj’ sbundsal Cwwuv noduhs may lo found m thehrer 
though they are less frequent When present they project from the surface m contra 
distmction to the necrotic areas seen in moose typhoid The lymphatic glands of l) e 
axilla neck, mediastinum and mesentery msv be enlarged and caseous but the pulmonary 
lesions are frequently the only obvious sign of di«easc Occasionally the bacillus may t« 
isolated from a single caseous gland, found at necropsy without any other detectable lesion 

Tbe disease may readdy bo reproduced by inoculating mice with pure cultures of C 
murium, or by admmistrntion per os Tbe findings at necropsy depend largely on the 
route of administration After feeding lesions develop in the me*CDtene glands end in 
the liver After intrapentoneal inoculation, which usually leads to death within a week 
the peritoneum is found to be studded with minute tubercles and there is a spreading 
granulomatosis of very varying extent involving the regional lympliaiic glands the liver, 
and less frequently the spleen In ourcxpenencepulmonarylesionsaremueh less frequent 
m tho experimental than m the natural disease though they occasionally occur Bongert 
(1901) has called attention to the trivial lesions which may sometimes be found post mortem 
after experimental infection la animals dying after subcutaneous inoculation tho only 
detectable lesion may be a small caseous abscess at the site of mocuUtion Seeking an 
explanation for this fact beinoculatedmjeewithfiltratcsofbrothcultures orwith cultures 
killed by heat, and found that death resulted xn eveiy case after alxjut 10 14 days. No 
obvious lesions of any kind were foundatnccrc^y Mire fed with filtrates died In about 
tho same tune and with the same absence of lesions. W e can In port confirm three findings 
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u rtgMds tbe inocalaUon of or ctf kfltd cnltaiw, tlwa* oar om raalta ww far 

k«s omforia than those mordtd bj Boc^ert. It«roahlapp^thattluscrsam£3pnx!a«» 

»n exotoxia w-hjch is fatal for caee. Accorfaz to Bo acw t tha tona m teiatirelT heat- 
*Ubl“ ance it wiJislaods heaUsg for • hoars at oo'CL or for a ffw nsmatea at “-t’C. 
bat the partirokrs giT«i are not eoSeiestlr to aUov of aiiT deSmle «3ndasj£n with 

regard to the time or tetaperatore re<}otred far loaetirataon. 

The toxia of this organism haa not. m far aa ve are aeare, been eoapared with that 
ofC ona bstitSEeciaexeeedicgljBsIIbelTthatthaeiaanrteUtKtQ^up. 

emee the moose is ecespteooaslT reeutaat to diphth^na toxin, and the gaia» fag a^ 
rabbit, srhich are trj soareptlhfe to C «rtr ai* resstast to C eiannis. 

It mar be noted that FtseU, Koe^ and E&ssat (I^l) described an crgscisa coder 
the name of CorywhirferiaBi arVinli'^ii muru whieh thev isaiiied from t!» a^Vtn 

jcant of a vhi.e mooae On mocaiation into th* fomta of normal r^v* arJ nts it gare 
nae to a fimHar arthntia. Little is kntnrn about tl'w or^ciam. bat it appears to <L?er 
la some respects from C nunmm 

The'e remains C acra a diphtheroid orgamfa de$cnb»d to the lesions of 
cntaneoua acne bj TTnna i(1696) lt«rasfii*ti»oIated bTSahoaiaiid(lS97) andhas 
Eiace then been *tndied by G3chn*t (1®0D 19(0) by ITeinins (1909) and far Swd 
meisen and Thompson (I^W-IO) Its cUnn to p3thogen.ei*T mast re** in the 
mam on its constant assooationvith the disease in man. S dmersen and Thompson 
state that the two strains examined them were pathogems fer the mocse hnt 
aot for the goutea pig bat their descnptmn of the lesions m the latter animal u 
extremely seaatr C eentt u dearly marked as a distinct *pec>es from those 
described above br its pecshsr growth reqcirements (<ee p 471) and particnlarir 
by the fact that it is microaerephSic. 

C typht another microaerophilie diphtbe*Did, was isolated bv Piotz (1914) 
frost the blood in tvphcs fever It u now geeerallr adsu'ted to bran exasmle 
of a parasitic diphtheroid with no established p3thoIo<nca] role (Ohuky 1921) 

The Gravu, Mihs and Intermedins Trpes o! C dipbtbens 

Attention has already been drawn on p 450 to the reco»mtion bv AIcI>od 
and Lis coHeagcea at Leeds (Andereon, Happold, McLeod and Thomson I'ISI) o^ 
three stable raneties of the diphtheria bacillas — the yrcrta in/erraof us and mUu 
types. The characters of these three tvpes as recO"ded by Pobinsoa (I*^ 1910) 
and Cooper Happold, McLeod and WoodcocL (1930) are snniraanred in Tab'" 30 

This smnmaiy can do no more than serve as a guide to the recognition of tie 
three tvpea. On the whole the characteja of the in/enneJius tvpe are the mos* 
constant. In the identification of grrma strains «taich fermentation is of parLcclar 
value since though it may be delayed bevoad 24 hours, i is seldom abrent. 

Sometimes it is clifficult to distmgmsh not on/v between fie three tvpes, but 
between diphtheria badlli and diphtheroids. Each of t'^e types has o^e or more 
epecies of diphtheroid badlli that clo«lv rerembi" it. Space do^ no* perm.t a 
detailed descnption of the differentwl characters of these O'gani.ms. In general. 
It win be found that the diphtheroid badlli tend morphologitally to be more legula- 
in shape sir® dep h of stainin*' dirtributioa of bars or granules, and arrangement 
diphtheroids he often m palisades, whensM true diphtheria bacflli *how th" Chmese 
letter type of distribution, or if thev are in bundles, they have reHom the sam* 
re<Tilanty of arransement as that of diphtheo ds. The colonial differences are 
of^ very slight aa they vary from one medium to ano*her thev can be 
learned only by clo=e olaervatian and kmg expenence. 
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CiUSACTERS 0? THE TrfES OT DtPUTHEBU BaCILLHS 



Morphology on Ueually short roda, Uatially long irregu Usually long, curved 
tellurite blood resembling irregular Urlybattcdrods often pleomorphic rods with 

“gnr Hofmann Staining with terminal club promment metachro 

fairly uniform, few or biag Gmnnlation matio granules Ex 

no granules and often generally poor Pleo cept for some shadow 

, aBarrownnstainedbar morphism always pre areas protoplasm 

I dividing the rod un sent Distinguisned stains evenly Some 

I equally Some degree from diphtbnoids steams show barnng 

of plcomorphism with which may closely with or without 

, irregularly barred resemble them by granules Occasional 

I snow shoe and tear irregulanty of size, strains are coceoid and 

I drop forms May ba shape barring and others yeast tike 

I coccoid on first isola arrangement Some 

tion OccasionalstraiBs etrolns indistmguisb 
resemble infrmo/itis able from mitir 
or mtfis type 

Colomal appear An 18 hr colony is 1 2 Colomca aro uniform Very variable in size 
ance on tel mm. q , circular, low smalt, discrete, deh usually ranging be 

lunte blood convex, pearly grev cate, almost misty m tween mfermeiius and 

agsx or with ^yuu black appearance andimder grsns At 18 hours 

centre and paler semi go bttlo increase m colomes may be less 

I translucent periphery, aite between 24 end than 1 mm g up to 

* withasmoothmattor 48hoim. AtlShours 16 mm q They are 

, rarely hquonce type the colony is leaa than circular convex us 

I of surface, and a com I mm q la thghtly ually of a mushroom 

I nencing crenation of raised, with cr with ' grey colour darker 
the edge The colony out umbonation oris than that of grans 

u eoberent, tendmg of sugar loaf appear i though varying con 

whentoueb^.tomove ance, centre is greyish siderably with a 

I as a uholo on the sur black and generally smooth glistening sur 

I face of the medium, darkerthanpenpbery fate antf entire edge 
I has a consistency of aorface smooth or very Consistency is of soft 

I cold margarine, and finely granular, and butter and emuUi 

I breaksupradiallyinto edge entire or slightly fiabihtyiseasy Small 

i amall that, arc ap^y CsisHisterKiy va rag c,C hwmoljaA la 

not easily emulsified mtermediate between usual At 48 hours 

Slight bsmoljsis a the bnUle yniiis and colony is 2-4 mm q 

round colonies of some tbe butyrous fnifis undifferentiated and 

strains In 2-3 days type Hwmolyaisnever dark greyish black 
colony reaches 3— 5 mm seen At 48 hours with sometimes a nar 

in diameter, Is fiat colony is not much row paler margin On 

tened with a slightly larger baa a dull further mcubation 

raised centre is slaty granular centre and a colony may become 

grey or greyish bh^k emootbermoreglisten flatter with a central 
in colour often darker uig penphety and is elevation — poached 
at the centre than at dark in colour except egg appearance— and 
the penpheiT has a for a lighter ring near tbe surface may be 
frosted suruco and the edge— frog s egg come granular and 
a crenated edge and appearance. Edge may contoured or develop 

shows radial stnation, be entire or finely concentric rings or 

especially towards tbe crenated Oa further papular excrescences 

margm When stns incubation colony may 

tionanddilferentiation enlarge and come to 
are well developed, tbe reaemWe a daisy head 
term ‘ daisy head ’ «dony of tbe gravts 
colony 18 applicable lyp® 
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TABLE 30— canC iive<2 



j Crarla 

Ietenn«llu< 

mils. 

Growth in I 

Appearance Tartable 

Appearanco very con 

Appearance variable 

broth 

1 

Usually surface pel 

1 licle and coarse granu 
' lar depos t with little 
or no tucbidily 

atant In 24 hours ' 
there is alight turh d ty 
with Ittle or no de 
poB t In 4S Lours 
broth las cleared and 
there is a rery finely 
granobr aed meat 
which can be cosily 
dispersed on shaking 

tJaually diffuse even 
turbidity denser than 
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pathogenicity 
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1 from earners are often 
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Not« 
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Fermentation reactions are often of help eioce many diplithcroids either ferment 
sucrose or bare no action at all on eugars. Some strains cannot be distinguished 
except by rirulencc tests and even tbis method leai es the true nature of an avuulent 
mills \iVe organism donV)\fn\ WbeVViw in nleMifjing the individnaV \Tpw 



Fjo 83— C diphOttna 
Three colonies of froi-M tvpe and two of 
mtfwtype on blood tellante 8gar(X 8) 



Oiloniea of tnlermed tta tvpe on blood 
tellnntc-agar (X 8) 


dipltlcm bacilli oi m dotingiiBliiiig beton Jiphtbem bacilb and diphlbemd 
bacilb tlat closely resemble them too moch ollention sLoold neper be paid to 
any one character Often It is only by obserang all the characters of a particnUr 
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etrain and assigning to each character a ireight which experience alone can provide 
that a sound conclusion on its identity can be reached \ aluable help will be 
obtained by a careful studj of McLeod’s (1913) review 

The Classihcabon nl Coiynehaetena 

It will be obwous from the /oregoing diseoasion tbit the time has cot yet amv ed 
to attempt any general systematic classification of the large number of diflerent 
types of corynebactena that have been described Certain organisms Lave how 
ever, been studied in sufficient detail to mate it clear that they desetv e specific ranL 
Among these the type species, C dipArterje, is of course pre-eminent 4mong the 
son patiogeafc? species paresctfc ta man C ha/maum is a weU recognized ipecies, 
and C xerosw would probably fall into the same category M c follow Andrewes 
and hi3 colleagues (1923) in excluding the so called C cory'it segmenlosum from the 
list of identifiable species Including the various species and type*, of human or 
animal ongin that have been dealt with above, this leaves us with the followinf' 
namedspecieswithm the genus C diphttieria{typM,graiis,tnttis and iii/cnacrfiiis) 
C hofrnanm, C xerosis G otu 0 pyogenes, C equt, C renale, C rnwriiim C acnes 
and C Ujpln For the rest, we are in entire agreement with Andrewes and his 
colleagues in believing that sjiecific names should be withheld from the numerous 
diphtheroids that have been described until tbey have been examined m greater 
detail and then identity more fully established 

4Ve ippend a summarired descnption of the named species and a tabular descrip 
f ion of the fermentation reactions of the eleven types of diphtheroid bacilli difTcrent i 
ated by the Committee of the Medical Research Council (see Andrewes et al 1023) 
Reference may also be made to a paper by Brooks and Hucker (1941) who divided 
79 strains of animal diphtheroids into 3 groups on the basis of growth and 
biochemical reactions 


C diphtberls 

Observed by Klebs (1SS3), isolated and descnlcd by LoelUer (18S4} 

Tie morpioloffSf and e/atning reaeOons of this species have been desenbed above and 
tbe absence of motility and capsulation, common to tbe genns, bas been noted. 

Ttpe op Growth. — On Loefjltr s serum, tb» colonies after 24 hours incubation at 
37” C , are aboot 1 mm m diameter, circular, convex, with a slightly raised centre, a 
smooth or finely granular surface and an entuvedge grannlar in structure when viewed 
by transmitted light butyrous in consistency pale or deeper cream m colour moderately 
opaque and easily emulaifiable in water or sabne. After 48 to 72 houra incubation tbe 
colony shows a varying degree of enlargement the centra becomes mure raised, more 
opaque, and deepens in colour, while the penjAciy remains flat extends outwards and 
appear8moretransparentthantheceDtre,giviogtboso-caUed poached-egg appearance 

On agar, growth is much less abundant and the individual colomes are for the most 
part smaller often having a diameter of 0-25 mm or lees after 24 hours incubation at 
37'’C. These small colonies which are greyr^h nhito in colour, convex with a raised cen 
tral portion and usually with an entire matgin are frequwitly mingled with a few larger, 
whiter coloniee 

On gelatin, the growth is very similar to that on agar bnt develops much more slowly 
owing to the lower temperature of incnbnlion. In stab culture growth develops along 
the whole length ot the needle-track wrttwnt lateral outgrowths and mth a slight 
surface growth consisting of a rsi«ed central portion and a flatter periphery, some 
times showing an irregular margin The medium is never liquefied. 

On potato,^ growth is usually very scanty and often invisible to the nsLed eye. 
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On uniinlt Itwi e^ar fiaitt tl» differenCM Uiat chirsctenze the frans, 

wnJjs and wJmnfdis* types (see T»ble 30) cao most leadily be oteerred- Ibcse cdocid 
are, howeTer also obsernble os certam other media, sccb as Urpaa 
agar (Dudley ct el. 1934) 

Broth Seo Table 30 

C difAOimcg IS aerobie and lamhatiTely anaerobie. 

The of^tmum fcmpcniftitt for growth js m the near neighbourhood of 37* C. anti 
a range &om about 15“ to 40® CL over which growth occurs. 

Beet re^uiance ts alight a temperature of 5S*C. for 10 minutra sufficing to sterflire 
a snspeosion or broth culture. 


Btoc imnc i t . REicnOvs. — C JijAlkente ferancats jocose, galactose, and maltose, 
with the prodocboQ of aad brt no gas. It has no action 
on aaccharose, lactose or mannitol. litmus mUh is unchanged. 
Indole IS not formed but, according to the results obtained by 
Fneber (l^^’l), C dtjAthenee gives a colour reaction with sulphujw 
acid and potassium mtnte as a result of the formation of indole- 
acetie acid from tryptophan. This substance does not however 
pve the colour reaction with paradimethylamidobenaldehyde 
which u chanctenstie of indole itself. 'Sitrates are reduced. 
Gelatin u not liquefied. 

Tb« gnina tvpe. in addition to the carbohydrate substrates 
referred to above, fennests deitm. starch and glyec^eo. The 
fnitta and istmaediaa tvpea grre irregular results with deztno 
and do not ferment starch or glvcogen. 

The ndii type is osuaSy hsmolytic, the ffren* tvpe is osaaOv 
non hsfflolytic. and the «a/<mofiss tvpe is coosirfenUr non 
bsffiolvQe. 

Asnaesic Srarcrcs*.— C dtjAihena is divisible into a 
number of different antigenic tvpes. Tbe grans tnitu and inter 
mediue types differ antigemcally from ea^ other and each is 
diTisihle into a number of antigenic sub-types. 

Toxck PsoDccno't asn Pathooemott— < 7 dip7l.*«nce is 
pathogemc for man and for certain laboratory animals. It pro- 
Fio So . — C d ph duces a powerful erotoxm with a cbanctenstio action mi the 

Ikmv animal tissues («ee above) Non virulent •trams of the m/w tvpe 

24 hours culture on pot nnoomiDon. 

Loeffier s senim 



C. bolmauiil 


Von H nfmann, m isciatcd from the thrcala of nonnal pereous a diphtheroid 

lacillns which was probably identical with the epecaea which now bears his name The 
incompletene^ss of the earlier deacnptions does not allow ns to identifv with anv certaintv 
the various strains which were, about this tune described under the general head of 
“ pseudodiphtbena badlli.’’ The de<cnptJon whidi foUowa refers to a particular tvj'e of 
diphtheroid bacOlos to which the name of <7 Jofmaam has been allotted by common eon 
sent. There are other forms of non fennentu^ diphtheroid bacilb which possess quite a 
different morphology The«emast for the moment be left unnamed finding a tempc«arv 
home m the appropnafe groups of the fennentative types differeatuted bv the Committee 
of the Medical Research Council 


MoBPHOLOcr — Short rods, I otoS p in length, with parallel aides, rounded orahghtlT 
pointed ends with a straight ams, and a sn^ unstained central septum. Jletachroinatie 
granules are usually absent if present they are few m number small and incocspieimns. 
There is little or no tendency to pleomorplnsin. The bacilli are arranged la paraHeJ 
in irregular groups, with the usual angular displacement of adjacent cells (*« 
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Fig 86) The bacilli are more tcoaciona of tb« Ora 
than many other diphtheroids. 


: stain than C dif>hthtnct, or 


1 ' . 1 • ’ ' 

* , » "'e > ^ a * ^ 


Gbo^ttr— O n Loegler'a after 24 hoius at 37* Q, C hojmann, producw 

colonies which are larger than thore of C dijAamcs, and whiter m colour They 
vary m diameter from 1 to I 5 mm , and are circular, convex, smooth, and opaque. 
With an entire edge They are homogeneous in structure, butyrotis in consistency, 
and emulsify readily After 48 hours they increase in size to a diameter of 2 mm 
or 80 , and the edge may become slightly erosc, On iffor thu species, unlike C diph 
ihence, grows readilj and abiuidaat)y,fonmng colonies very aimilat to those produced on 
serum. In contrast to C diphlhena, a confluent growth often occurs in primary cul 
ture, or m early subculture In troth a moderate turbidity u produced, the growth 
gradually settling to the bottom as 
a powdery deposit No pellicle is 

formed. In agar or m gtlaUn tlab C • 

hofmanm produces httle growth along 
the needle track, but a profuse sur 
face grow t h. C hofmanm is aerobic 
and facultatively anaerobic , the opti 
mal temperature for growth is in the 
neighbourhood of 37® C The resist 
ance of this species to beat, or to 
antiseptics, has not been systemati 
eally examined, but there is do 
evidence that it differs in these re 
spccts from the type species. 

CiocBESUcsb Buenovs —C haf 
Diannt ferments none of the carboby* 
drates against which it has been tested, 
and these include all those referred to 
in the care of C diphlhena It pro 
duces no change in litmus milk, does 
not Lquefy gelatin, and does not 
produce mdole Nitrates are reduced. 

It docs not pnxfoce hsmolysia 

AvnozMc STBCCrTRE. — All that is known on this point is that the antigenic caaLe> 
up of such strains of C Jiofmanm as have been examined diSers entirely from that 
of C dijdilherta: on the one hand, and from C xerosis on the other 

Toic« pRODuenO'V avo Patjioqevicitt — C hofmanm produces no toxin and Is 
not pathogenic. 




’'■'.-•‘V/o 




Fio 8C— I 
From 24 hours culture o 


' hofmanm 

. Loefller ■ scniin ( K lOnO) 


C xerosis 

An orgamam which possessed certain of the eharactors which we ascribe to C xerons 
was isolated from the conjunctiva by Beymond in 1881, and described somewhat more 
fullyin 1883 The first detailed descnption of this organism was provided byKuschbert 
and Neiascrin 1833, if we may assume that these three records in fact refer to the ume 
bacterial species. The original view, that C awme was Ktiologically related to a par 
ticular conjunctival lesion, has been geiiertHy abandoned Cnffitb (IDOJ) states that 
this organism is the commonest bacterial Inhabitant of the normal conjunctival sac 
Andrewes and his colleagues record their doubt as to whether C xerofit is even now sufE 
eienlly weU characterized to de««rTe specific rank , and their scepticism appears fully 
iustified. The description which follows must be regarded a# summanzing the characters 
of those strains to which most obrervere wouW allot this particular name. 

MoRrnoLoor —The form assumed by C xmtsu. m films from a culture grown on 
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LoeSer a serum for 24 boon at 3~° CS. is not tinlilc o the bacillary form of C dtpflhentt 
the differences consist in a preponderance of tamd or segmented forms orer the granular 
form the mfrei^aeiicy of chib forma, the lelatire infreqnency and inconsp cuonsness of 
metachromat c granules, though these are ofteo present m small numbers, and the rela 
tiTely slight pleomorphism. The cells of this species retain the Gram stain more tesacioosly 
than those of G <f pfilkmof 

Gbowth. — O n Lo*fi.*T s medtvm, or on agar C xtrottt forms colome* which are 
smaller than those of G diptilAeneeot ot C ^olmann^ the margins may become irregular 
alter 43 to hours and the colonies tend to adhere firmly fo the medium during the 
later stages of growth. Broth remains clear or shows a slight turbidity while a granular 
deposit forms at the bottom of the tube. No p^cle is formed. The general conditions 
o' growth, as regards temperature oxygen pnasure etc., do not differ from tho«e of the 
typo species. 

BiocHratcat. Pucnoss . — C zerons produces and m glucose, maltose and saccharose 
but not in deztnnormanmtoL It does not acidify litmus milk does not produce indole, 
and does not liquefy gelatin. Nitrates are redoccd. It apparently forms no haunolysin. 

AynoKnc STRCcmiE.— The antigenic constituents of those strains of C lewu 
which bare been examined differ from those of C diphthma on the one band, and from 
G kofmanni on the other 

pATnocEficnr — There u no adequate endence that C reratte is pslhogemc 

C oris 

(Synonym. C pseudcdaberruUns orw ) 

The Pceiss Nocard bacillus (see Nocard 1^ Preis ISM) was ongtoallr isolated from 
peeudotubercoloas lesotu m sheep. Similar organisms hare bees iscJated &oa ulcmtire 
lympbsogitu of horses by many workers. It resembles the type species reir closed m its 
geonal morphology and behanour 

MosrBOLOar — nima from yooog cultures on loc^rr e medium show slender clubbed 
bacillary forms granular or segmented olten with Dumerons metaehromat e granules 
and exhibit a cons datable degree of pleomorphism. The appearances are in fact indis- 
tinguishable fram those pre se nted by certam stiains or cultures of G diphlJienae. 

Gbowth — The organism grows weU on Lorffer $ medium giring coJonies which are 
circular nmbonate and opaque with a teodeocr towards the derelopment of a distinct 
yellowish p gment. Aa they enlarge they often develop a senes of concentric nngs round 
the raised centre. The growth is described as peculiarly fnable the colony breaking apart 
when touched by the needle (HaO and Stone 1916). The growth on agura recorded as 
poor Growth m brolk is scanty hot there is definite pellicle formation. On blood agar 
p<peci3lly under anaerobic conditions, colonies are surrounded by a zone of hxmolvsis. 
Moderate granular growth ro gelatm with slight saccate liquefactiotL Aerobic and lacnl 
tatire anaerobe growing best at abont 3 

BioOHEJiicai. Riucnows — Forms acid from dextrose maltose and ^ v reroL Accord 
mg to most workers (Hall and Stone 191C 31ioett i922a b Andiewes tt aL 1923) roanmtol 
lactose and snirose are not fermented, but Came (1939) in Australia reports that about 
half of his 133 strains from sheep fermented tbe®e sugars Dertna may be weakly 
acidified. Came (1939) gives the following additional reactions for his 'trams ILR 
weaklv pos tire A P negative HjS formed hr about half the strains. Gelatin u Lqoc- 
fied slowly and megnlariy nitrates redneed bv some but not bv all strains mdole 
not formed C orw products a h seroolvai n. active against ^eep, horse and rabbit cor 
puscles accordmg to Game (1939) the bsmolyEin is thermolabile non.antjgenic, unrelated 
to the exotoxm, and is linked to the ceBs so that it cannot be obtain'd free in a filtrate 

AxnQExic SrarcrcuE. — ^At present mnaTe'tigated. 
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pATitooEviciTY ~C otn IS 0. natural pathogen of horses sheep and perhaps cattle, 
II nd IS pathogenio for rabbita and guinea pigs, but not for pigeons or fowls It produces 
a soluble toxin which differs from that of C dtphlhtr%a (see above) 

C pjrogenes 

First descnbed by Lucet m 1S03 

SIoBPnoLOQT — The organism is a amall. Gram positive, pleomorphic, diphtheroid 
bacillus, frequently assuming an almost coccal form, staimng irregularly with methylene 
blue, but apparently without metachromatic granules 

Growtii — S cantj on plain media, but improved by addition of blood or serum 
Grows aerobicnll} and nn^e^oblcalIy Optimum temperature 37“ C little or no growth 
at room temperature Optimum pH 7 5 On Letter’s teriim 0 pijogenfs forms mmute 
colomes in 24 hours at 37“ C., which elowlj enlarge, if incubation is continued until they 
maj reach a diameter of2-3 inra , Iho centre becomes granular aud the medium is slowly 
liquefied, the liquefaction beginning as a small pit beneath each colony On blood agar 
cokmuyi rarely exceeding 1 min in diameter, are visible in 48 Iiottfs stirrounded bj a 
zone of p hTmolysis (Brown and Orcutt J920 Lovell ltt37) In serum bwii there is a 
granular growth without pcUicle formation On gelalin growth is slight but the medium 
IS slowly hqucfiixl >>o growth on ilacCotiley agar or on potato 

BiooirHiCAi. HEACrro'TS —Acid in glucose, maltose, and later m Lactose, occasional 
stnuns ferment mannitol and sucrose , ilevtnn ami gl) cerol aro also said to bo fermented 
(Magnusson 103S} Litmus mill, acuhfiet) and ctotte<l within 3 da^s , clot is later digested 
Gelatin coagulated scrum, and coagulated egg albumin arc gradually Lquefied Indole 
negative Nitrates tediioed to mtnles Filtrablo h*molysm produced which is most 
oetive on horso and rabbit corpuscles and which » destroyed at 50“ C in 30 minutes ■ 
appcAta to be identical with the toxin, n aches lU maximum concentration m culture 
in 43 bouts at 37“ C (Lovell 1037, 1011) 

Resitra'^cs. — Rapidly killed at 5?*C, and very sensitive to diainfeatants (Brown 
and Orcutt 1020) 

Astioevto STBueirnE —Brown and Orcutt studied 12 strains without finding any 
sharp (liffirenco m antigemc behaviour between tliem Lovell (1037) studied 33 strains 
and except for 5 strains which had been eabcuUurcd for somo years and which contained 
a major and a minor antigen, found that, irrespective of animal origin they appeared 
to be antigeniCTilly homogeneous 

Pathooemcitv —U nder natural conditions produces suppurative lesions la cattle 
pigs, shetp, and goats but not in horses , is al» pathogenic for the rabbit, producing 
suppurative lesions including arthritis Expenmentally, imeo mocnlatcd intrapentoneally 
with 10(4-1 000 railhon organisms d» in a week with absceas formation in the omentum 
and hvtr Rabbits inoculated subcutaneously develop localized abscesses moculated 
intravenously they develop abscesses, particularly in the bones and joints C pyogenes 
forms a weak toxin which inoculateil intravenously into rabbits in a dose of 1 to 5 ml , 
prodneoa convulsions and death witbm 30 minutes (I/iveU 1937) 

C equi 

This organism was isolated by Magnnason (1923) from fools affected with pymmia 
It has been confused with C p jogenet but difftta from it m several respects notably m 
lU abundant growth on ordmarj media lU pigment formation its failure to hquefy 
coaguLateil serum to lyse blood or to ferment carbohydrates and its pathogemcity for 
horses The following description w token from J^usson (1038) and Karlson Jloses 
and Feldman (1940) 

JIORPiiOLOOT— Fairlj large pleomoiThic, Gram positive bacillus sboning meto 
chromatic granules, in pus and surfooe wJomcs may appear cocewd Reported by 
somo workers to be jiartly acid fast 
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Gbowth.— G rows ftwJv on ordinazj' media, fortmng Urge snecident rokmies of ttn^olar 
shape and pale ptnL colocir On potato tlie growth is moist, thicV, and pale pinL, later 
becoming deep reddish yellow Slate to black colonies cm teQnnte blood agar Grows 
well between IS* and C 

Pesisiawce. — S aid by Karlson, hloees wtmI Feldmaa (1940) to be ounnsally reeistant 
to oxalic sad which u eometunes need for the destructicm of non-acid 1^ b«<-?TTT 
Biocoemicjx BzACnows. — ^\o fertoentation of sugars. Poce growth m litmna Tnirt 
with no obrioos change 'Nohmolma. 'No liquefaction of coagulated sernm or gelatin. 
Indole negatiee Nitrates redoced to nitntes. Shcht HiS produHica. Catalase foro^d. 

AjcncEwic Stbcctcbe. — S tnm epecificite said to be marked, so that the a^ntinatioo 
reaction is of little help in identification. Br compWment fixation, however a spectra* 
specific antigen can be democutnted (Braner l>unocV. and Bdwards 1939) 

PiTnocEsiciTT — G ves nae under natural condit on* to premia in foaL, charactemed 
by a EUppnratjre bronchopc^affioma with intense purnlmt mfil ration of the adjCHmng 
lrmphn^«s,and Bometunes to mtc^tinal BlreratKmandabsceufonsatjonuithemeseQlene 
ivroph nodes. PnAiablv non patbogenic for awine tboii..h frequently present m lh» 
submaxillary Irmph nodes ExpeniDeotally the natural disease can be refwodneed by 
mtratracheal inoculation of foals ^ahcnianecms inoculation prodners kieal abscess 
formation with inTolremeot of the focal Ivmph nodes in hensea, pi"S and goats Grr« 
rue to pentonjtis not alwara fatal, when inocnlated mtrapentmenlly uiu3 guinea pig*. 

C tc&ale 

‘Ihuor’amso »Mfir*tdescc£bedbyCadeileD(lS9D-9l) butitis Tcrydoabtful whether 
all the rtraina of diphtheroid baetQi that bare since been isc^ted from in cattle 

were identical with the hacifins isolated br bnn and it is by so mnza certam that the 
organism deacribed by more recent wsrkns is entitled to speofie raaL' It seems quite 
dear howerer that this otganism differs in eereral wave frtnn C pyajatu with which it 
has often been oonfnsed. Ilie incomi:4ele descnptjon that folknrs a taken mainly from the 
papm of Jones and I.itUe(192o 1930}aDd31errhant (]93o)andisgiren with conrderable 
f c ee r re 

hfosTHOiiOGT — C rmaU is a typical Giam pcmtire bairrd diphthercad. sbowu^ 
numerous metachromat e grannies, and oaosvderablo plcotnorphistn 

Gbowth. — O n ttrun e^r gires moist, msed colomea Ehowmg a pigmentation that 
ranes from cruam to yellow later the growth becomes drier 

B ocHESDCaL Rucdows- — I loet strains thst hare been examined hare fermented 
dextrcee alone with the production of aod. According to ilerehant (193o) bemloee 
and mannose may also be fermented. Celatui u not liquefied. Nobsmolrsmisprodnced. 

AxnCEsrc STBreruu.— Ihe few data arailable (eee Uerchant l93o) are insnSctent 
to allow any adequate descnptioa. 

PaTEOGESicnr — The oigamsm has been isdated by sereral obeerrera from caft/e 
EoSenng from pyehtis and Jones and letUe (ISSo, 1930) hare reproduced the disease 
experuneotally m these animals by the injectuKi of pure cul tur es. No data are arailable 
with regard to its patbogenioty for taboraloiy animals. 

C mnrliim 

(Synonrm. C pemJds&cmZone tnanam.) 

Isolated from a mouse by Kntseber m 1S9I and by Bongert la 1901 It has Race 
been isolated by seTeraJ observers (Aadivwes rt ah 1923) 

ilOBFBOLOOT la films from cultiires on ln^fieT 8 mtd ir H the appearan ea are rery 
eumlsr to th«e presented by C me or by some etra as of <7 J ffitiena (see Fi^ S') 
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Growth — Tho typo of growth on serum, a^r, and gelatin appears to be very like 
that of C diphUtmcp Pelliclo formation in broth has not been recorded, but suitable 
conditions have perhaps never been aecured. 

BlociizJacjiL Reactiovs, — A cid is produced from dextrose, maltose, and saccharose , 
galactose, dextrin, lactose, and mannitol ate unchanged Litmus milk is tmchanged, or 
shows a slight and transitory acidity Indole » not formed. Gelatin is not liquefied 
titrates are reduced. 

Antioemo Strucixtre — At pment omnvcetigated. 

Toxrr Productio't asd PATnooKjncrrr — C mttnum is a natural pathogen of mice, 
and appears to bo pathogemo for no other species, with the possible exception of rats 
Thcreiscvidenco that some ofits effects are duo to the action of a soluble toim (see above) 

C acnes 

A diphtheroid organism was described id the ordmvry lesions of cutaneous acne by 
Unna in 1S9G, and was isolated in culture by Saboomud (1897) 

JIobtooloot — This has been 
generally reported aa very variable, 
accordmg to the medium employed 
degree of acidity , oxygen pressure, etc 
Craddock (19(2) distinguishes too 
types on blood agar in Largo colomes 
(be organisms are short, (hick, irreg 
olar in shape, and often clubbed , in 
small colonies the bacilli are longer, 
thinner and curved Often weakly 
Gram positive 

Gbowtb eoKJ will grow aero 
bieally if the medium contains scrum 
Of blood, and is acidified by the 
addition of Uctic, or of hydrechlonc 
aad, so as to fall within the pll range 
0 2-C 8 Growth occurs better under 
anaerobic conditions, and is favoured 
by glucose, glycerol, blood, boded 
blood, Fildes’ extract of blood aod 
scrum. On jiam agar growth is poor 
or absent On a glueost agar jiate anaerobically after 4 days at 37» 0 the colonies 
are circular, 0 2-0 4 mm in diameter, convex, amorphous, greyish white, with a smooth 
glistening surfiico and an entire edge , they are butyrous in consistency, and emulsify 
easfly The growth has a sour smell After 5 weeks, colonics may be coloured pink 
On blood agar anaerobically Craddock (1942) describes two types Tyjie I forms a 
Large 1 eaped up colony, yellowish buff in colour with a wide zone of hscmolysis Type II 
forms a small flat colony In a glueom agar $hai€ medium no growth occurs for 
about 10 mm below the surface, there is then often a band growth for 10-20 mm below 
tho surface, with discrete colotucs to the bottom of the tube , tho medium becomes 
milky and opaque Loeffler’t strain, no bquefaetion In glucose broth there is a slight 
turbidity after 3 days anaerobically, and a slight, finely granular sediment, after a week 
or so there is a heavy loose floccular deposit, which occupies the lower centimetre of the 
tube and disintegrates on shaking to give a moderate turbidity Sbght to moderate 
turbidity m cooked meal medium No growUi in gefatm slab culture at 22“ C 

Biochemicai. Reactiovs —According to Sudmersen and Thompson (1909-10) C acnes 
produces acid from glucose, galactose, rnoKoee^ ^cerol, and mannitol, but does not 



Fio 87 — C mvnum 

FromSf boon culture on LoefflersserumfXlDOO) 



4-2 C0JITAEBACTEIIIV3} 

ferment lactose Of 2 strains eumined by Sudmereen and Tbomj^a, one actirely fer 
menfed saccbarose, the other gare a late and slight acidity la oar experience acid u 
generally formed in glncose, mat toee, and sociose, sometimes in lactoae but not m manmtnl- 
SLght acid in litmus milb. Indole ne^Ure Nitrates reduced. Gelatin not liquefied. 

X’TOCSMC SratrCTTRE. — According to OraddocL (1042) two types can be disUnguished 
by agglutination with specific rabbit sera 

PaTHOOEnoTT Tons PaoDVcno'* — ^It u generally beLered that C aenu u 
retiologically related to the lesions from which it has been isolated. CrpenmentaQy it 
shows some degree of pathogemcity for the moose 

C. lyph] 

Isolated by Plots(19!4) &ob theUoodof psttentaao&nogfrDm typhus ferer Origin 
ally regarded by Plotz and his colleagues as seticdogically related to the disease (Plots, 
Oliisky and Baebr 1915). but now geperallr admitted to be an example of a parasitic 
nucroaeropbilic diphlbcroid. without any eatabhshrd pathologic^ eigmficaztce (Olitsky 
1931) 

MoEPBOiiOQT IS that of a small pleomorphic diphtheroid, with few elongated ceDs 
but numerous coccal forms. The rod forms which occur may be straight or curred, with 
rotmded or pointed ends. Metachromatic gtsnnles an present. 

GnowTB. — C typht appears to demand more stnclly anaerobic conditions for growth 
thanC OCT*# buttbereappeantobenorecordofthere^tefacidificsfienofthemedium. 
It IS recorded aa giring a cr«tay white growth on loeQcrs eernaj, glncose senun agar, 
or potato , the growth tahea oa a light brown colonr to it# later stages cut the latter 
ae^nm. 

BiocnmncM. Kzacnova.— Tested on ascitic agar containing 2 per cost. o( the test 
Carbohydrate, and incubated in Buchner tnbr* C is stated to prodnee aad from 
glucose maltose and galactose, bat not from manmtol dcstrm, lactose or aaccharose. 

dsmaisac STsrcTC&s nnloiown 

PatHoOESictrr — Probably slight or absent. 

^e append, m tabular form {Table 31), the chief differential character 
i«tics of the ten named species de'cnbed above, and the fenuentation reactions 
of the eleven groups of diphtheroid bacQlj differentiated bv the Comnuttee o! the 
Kedica! Besearch Council (Table 3-) In both tables the -f* sign signifies the 
formation of acid. Since the fexmentation reactions of this group ate habituallv 
te<ited in Bi^ a cernm water mediam. the fonnatioQ of aad will usually be followed 
by the formation of a clot, after a longer or shorter penod, though some 'trains 
which produce definite andity in the presence of a particnlar carbohydrate faff to 
clot the mediam. 

VTith regard to the eleven groups of unnamed diphtheroids, the Committee note 
that there is no correlation between the 'oorce from which any strain was denved 
and Its biochemical reactions Thus, of the 15 'trams which fall into Group I, 
ten came from the nose one from the ear, two from the eye, one tom an infected 
wound, and onefrom aqwcunenofpus Asalready noted, there was no consistent 
relation between pigment production and Icnnentative activity Thus one strain 
of Groups IV, YII and XI produced pigment, as did the angle representative of 
Group IX The four strains of Group \X on the other hand, and the three strains 
of Group TUI an formed pigment , »o that these two groups wonld appear to be 
charactenred by a marked tendency to pigment production. It may be noted 
that none o! the 'trams examined produced the pink or ted pigments which have 
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TABLE 31 
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* See Table 30 for differentiae on between fWM milie and xnttmtd ua 


been eo frequentl} noted by some observers nnd especially by those who have 
examined numerous strains from lymnbatic glands oud other tissues (Hoag 1907 
Hams and Wad© 1915) The Committee note that the strains selected have been 
tested on many occasions and at long intervals witb scarcely varying results 
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CHAPTER 18 


FUSIFORJnS 

DErmmo'i Jusi/ormia 

dbljgate pirasitea Anaerobic or microaerophibc Celb frequently elongated 
and fusiform, staining somewhat uneveidy Filaments sometimes formed , non 
branching, Bometimes highly pleoniorpliie Non motile No spores Reaction 
to Gram yanahle, but mamly Gram negative Growth m laboratory media feeble 

A number of organisms, anaerobic or nucroaerophilic m their oxygen require 
menta, have been isolated by difierent workers from necrotjc lesions in man and 
animals Tha first of these was the so called B necTophoms, which was 
observed by Loeffler (1884) in calf diphtheria In 1896 Vincent desettbed a fuai 
form bacillus, frequently associated with a spirochate, Trep nneenh (see Chapter 
79), in necrotic and ulcerative lesions of the throat and other tissues in 
human beings VeiUou and Zuber (1898), studying the bacterial flora of appendi 
citis and other suppurative lesions, described a number of non sporing anoeiobio 
bacilli, to which they gave the names of B ramosvt, B serpens, B frag^hs B Jut 
eosus, and B /uii/ormw , thu last organism was apparently identical with the 
fusiform bacillus described by Vincent Later work has revealed the frequent 
presence of oTgaoi*ms of this group m the mouth and on the teeth of man and 
certain animals (Tunnicliff 1906, EUeimana 1907, Varney 1927, Pratt 1927, Slmeta 
and Rettger 1933, Bachman and Gregor 1936, Pesch and Schmits 1936 Spaulding 
and Rettger 1937, Hine and Berry 1937, Kelly 1944) and m the healthy alimentary 
canal of man (Eggerth and Gagnon 1933, Weiss and Rettger 1937, Misra 1938, 
Lewis and Rettger 1910, Dragstedt, Hack and Kusner 1941) With the more 
general use of improved anaerobic methods they have been found in association 
with vanous human infections, especially in France and the Umted States (see 
Chapter 79) 

Relatively little attention has been paid to the systematic study of these 
organisms, and their classification presents considerable difficulties Castcllani 
and Chalmers (1920) proposed a genua Boctcrowfes to contain obligatory anaerobic 
bacilli that did not form spores, and the genus has since been adopted in Bergey’s 
mapual, where it covers a variety of morphologically different organisms The 
American Committee of Bacteriologists (sec Report 1920) have described a genus 
Fmijormu, for the inclusion of organisms with certain characteristics resembling in 
some respects those possessed by the Coryndradenum and the PfeiffereUa groups 
As the definition of this genus (see above) seems to cover the mam charactenstics 
of the organisms we have mentioned, it seems permissible, at least for the moment, 
to include these oigamsma within it 

Group Characteristics — ^The orgamsma of this group are typically rod shaped , 
but their sue is subiect to considerable variation They may be very short, or they 
4T7 
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m*y grow out into long fiiamenta wlacli ate generall v curred. Thtir width is also 
vanable, not infregnentlrit is greater near the middJe of the badUos than at the 
end, gmng the organism a fusiform appeaxance , the fusiform «weliiiig3 mar be 
as much as 4-5 /i m diameter Occasionallr the greatest diameter of the bacillas 
15 at one end, so that the organism appears dabbed. Pkomoiphism is a maited 
characteristic of some species The organisms a’e arranged anglr, in pans end 
to-end, or m chains , psendo-filaments showing evidence of 'oidivison are Common- 
Some species show fake branching with the resnlt that ^ or Y forms are •een, 
but true branching does not occor Some species are said to be motile, but the 
ob«ervations of recent woders raider this doobtfol Spo'ea are never formed. 
The organisms stain with the usual anDine dyes, but staining is often irregular 
The reaction to Gram vanes with different «pecies. \one of the organisms i» 
acid fast 

Culturally, growth occurs under anaerobic or microaerophilic conditions and is 
said to befaronred bythe presence of 2 per cent CO». Little is Imown of their 
respiratory mechanism, but it seems probable that in flmd media thev do not 
produce such low oxidation rednetjon potentials as do many of the «pore-beaiing 
anserohes (DaclcandPnrrowsl*^>) Some 'pecies grow readUvm ordinary med-a, 
while others require the addition of natural animal proton. Acco*ding to Slanrtr 
and Bettger (1933) growth is «tnnnlated by aqueoia extracts of vanous vegetables 
and a potato extract gelatin medium is recommended for the pi^servatioa of rtocL 
coltuies The optimum tempeiatura for growth « about 3T* C. , «©ice «pecK* 
will develop at others not below 30* C In solid media colonies freqneatlv 
do not become visihle for 3 or 4 divs, and usually cemam email. For the isolation 
of the mtestinal non'«ponng anaerobic bactem Lewis, Bedell and Bettger (19i0) 
recommend a glac09e<v«teine agar medium at a pH between 6-3 and 70, ennehed 
with yeast-extract and tomato imcv, and state that growth is greatly improved 
by 10 per cent. CO, in the aoaerohio atmosphere. Little is hnown of the precise 
growth reqmreinents of the*« organisms though both panto*henic aad and p mm e 
acid appear to be essential cutnents for a number of «txauis (TTest, Lewis and 
'IDitzer 1942) 

The orgaci.ms are not particularly resirtant , lh<»v are destroyed bv exposure 
to mout heat at o5* C within an hour The colonies of some speces are highly 
oxygen-sensitive, dying within an hour of exposure to air (EQne and Berrr 1937) 
The fermentation xeactiom have been incompletelr studied, but some «,jecies 
produce acid and gas m certam carbohydrate media. 

The organisms of tha group appear to be obligatory parasites and may be 
cultivated from certain mflammatoTy procegfty particularly those accompanied by 
necpKis aud ulceratioa, as well as the normal mouth, teeth, and fsc^ There 
seems to be little doubt that «onje species are pnmarih- responsible for the lesons 
from which they are isolated , but the aetiological role of others is probablv more 
of a secondary nature. Manv of the species are pathocwuc to laboratorv animsL, 
producing necrotic lesons and death. Whether a trn* exotonn is formed is no* 
yet known. 

Antigenically, little exact mformatioD is vet available about tLe«e organisms but 
there is evidence that differences in antigemc structure do exi~t between diff«"ent 
types. 

The recorded mvestigations of these organisms are of two kuK^ £r^y. 
organisms found m association with disease processes, and secondly, of organi-sis 
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Isolated from the normal flora of the moath and mtestines Both Tatnej (1927) 
and Slanetz and Bettger (1933) divided fn-ofonn bacilli of the normal mouth into 
four types I to r\ on the basis of morphok^cal and serological characteristics 
but the divisions did not comcide Agglutination tests revealed a high degree 
of strain specificitj and a lesser degree of group specificity Weiss and Mercado 
(1938) extracted immunologically type specific protein like substances from 
organisms of Slanetz and Rettger s Types I II and III and also found some evidence 
of a group specific carbohydrate in the organisms Spaulding and Rettger (1937) 
later divided 84 strains of fusobactena from many sources into two groups 
Group I contammg their previously descnbed l^pes I II and some of Type III 
Group II containing the remainder of Type Illfand Type IV In a limited cultural 
study of 193 human mouth strains Pesch and Schmitz (1936) distinguished 6 types 
but concluded that these were varieties of a smgle Bacterium fusiforme Hme 
and Berry (1937) studied 104 month strain** dividing them into three species 
F nucleatua F polymorphua and F denttum The first two corresponded only 
very approximately to Spaulding and Rettger s Group I consistmg of short or 
long fusiform tods of limited saccharoljtic activity and F dentium to Group II 
consisting of long lelativelj* thick fusiform rods with marked saccharolytic 
activity 

Besides these fusiform bactcna of the mouth there is a large group of Gram 
negative non spoimg intestinal bacteria in the contents of the alimentary canal 
It is clear from the work of Eggerth and Gagnon (1933) Weiss and Rettger (1937) 
Mura (1938) and Lewis aod Rettger (1940) that the«e anaerobes are the predominant 
orgamsms m the human lower intestme sometimes outnumbering Bad colt by 
one hundredfold or mote They are biochemically and antigemcally heterogeneous 
though some association between morphological, biochemical and antigemo 
characters has been noted 

Sowever the relation of the normal flora of the alimentary canal to the organism 
responsible for mfective lesions and particularly to those species which were 
descnbed in the early years of this century is not yet clear The mtestmal species 
in man bear a morphological resemblance to some of the pathogenic species like F 
fundtdifoTtnis and certain fusiform bacilli but differ in biochemical reactions (Lewis 
and Rettger 1940) Until the heterogeneity of both the pathogenic and the 
normal strains has been reduced by further study speculation on cross relation 
ships within the group is unprofitable (See Prevot 1938 for a taxonomic review 
of this difli cnlt group) 

T\ e append descriptions of some of the named species that have been found 
in association with infective processes In the first descnption we have assumed 
the substantial identity of F necropSonia and RK^ius fieitditlt/annts sad ret&ised 
the name F necrophorua for the two (Dack tt al 1938 Kirchhemer 1940 see also 
Lemierre Gnimbach and BeiUy 1936) 

F neerophorus Synonyms Schmiwl a badllus B dtphUenie vtiulorum SfreplcMrui 

cumcult Adtnomjua necropAorua Bangs necross baoiHas B Jundut formis Bacter^ea 
funduU/ormta First observed by Loeffler in 188* in calf diphtheria He eucceeded in 
produemg necrotic ksiona in mice by snbentaneons inomilahon of the diphtheritic mem 
brane and m obtaining a primary cultuie of tJ» lagamam from mice on calf serum but 
he failed to subculture it Scbmorl m 1891 aicoiialered apparently the same baemus 
m a spontaneons epidemic amongst hia laboiataty rabbits characterized by spreading 
necrosis of the lower Lp He moculated mice with material from the rabbits and obtained 
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cnhares ol the Mganism from the mice He dassed it mth the 5frej)tottm: group under 
the LepMhnx or Chdot/irtx genera, and called it Slreplotfine curiiculi Tlie organism 
has been deactibed by a feu other ^rotLcis (For a detailed, doscnption of it, *ee Oreutt 
1930 Beveridge 1934 } Halid (1S93) named a bacillus associated with gcmtal mfections 
m man B funduliformu, and later Twfisier and hu coUoaguca (Teissier ei al 1929, 1931) 
found the same organism in four cases of aepticmmia la man It prohablr conwponds 
to the species C described by VeOlon and Zuber (1893) and its roL ja putrid mfections 
of man has been confirmed by a number of norben (see Chapter 79) The human strains 
do not differ in any consistent iraj from the animal strains of F neeropjora# except 
ttmt they are usually less pathogeme for UbotaUity animats (DicW, Dragstedt and Heinz 
1937) and tend to be pleomorphic 

hloRCROLadT — la the diphthentie membrane of calves the bacilh appear os long 
threads — 5 to 6 timen as long as they are broad — arranged cithir in thick heaps or 
m long wavy rows. In the pleural or pericardial ozudataof rabl its dying ofIsLial necrosis 
they usually appear as Gram negative, highly pleomorphic haciUi. varying in shape from 
COCCI to bacilli and long threads. In the thread forms there are often oval nnstamed 
portions arranged at regular interrah looking like spores , but as they do not give the 
differential spore stam and are not particularly resistant to heat, they cannot be regarded 
as spores. The filaments may reach SO'IOO p in length , they are 0 75-1 S fi thick > one 
end IS often narrow and pointed, the other thicker or almost fusiform. They may be 
surrounded by a capsolar material Branching does not occur In culture the orgaoisnis 
appear as straight or curved rods, or as filameots. The ends are rounded, and the ndes 
are generally parallel, though fusiform enlargements including ‘ ball ” forms up to 
5/i in diameter an not uncommon Except in young cnltum. staining is irre^or, 
and beaded forms arc common 

OiTLTTVA'no'i — Schoorl cultivated the organism in deep inspissated sheep sennn. It 
grows only under aoserobio conditions. Deep eoloiuea in serum agar plates are round, 
pmhead in size, matt'Wtute, with on entire edge , under a low power they have a thicker 
centre and an irregnlarly radiate penpbeiy , under a high power the centre consists of 
a mesh work of threads, and the periphery of streaming threads, which pa&s often for some 
distance into the surroundiog meditim. According to Shaw (1933), deep colonies in a 
semi solid glucose serum agir medium have a grey, cotton like, fluffy appearance, while 
m stiffei agar they are brown, cucubvT ot biconvex, with an entire edge Surface tolouws, 
after 2 days on a special serum agar medium (VJ* ), made up with a peptic digest of ox 
muscle and Lver, are circular convex, about 1 mm. in diameter, almost water clear, and 
glistening , after 7 days they ore differentiated into a convex centre and a narrow fiat 
periphery with a slightly dentate edge , they are bulyrons in consistency and easily emnlsi 
fied (Bevendge 1934) In V T broth there is s dense turbidity, with a small dirty white 
deposit, which increases as the medium cleAiaon further incubation Stab growth in serum 
begms la 24 to 40 hows near the bottom of the tube, and spreads upwards to within 4-1 cm. 
of the surface , the growth is filiform with radiate branches , the serum is partly clouded, 
but not liquefied There is no growth on potato In glucose agar, Schmorl obtained 
growth only m the presence of a coccus He quotes this os an example of mtlabiotu— 
or the ability of one organism to grow m a particular medium only when another oiganism 
has prepared the medium for it, and tendered it suitable. YJ* gelatm (see above) is not 
liquefied. Turbidity and vigorous gas productioii occur m cooked heart medium and 
brain medinm A zone of hsmolysis about OS mm Wide, is said to surround deep colonies 
m blood agar plates Broth containing 10 per cent of serum and a reducing agent like 
cysteme (0 1 per cent ) may support growth (Duck «i al 193S) Cultures, eopecially m 
liquid media, have a foul odour Growth occurs between 30“ and 40“ C., with an optimum 
at 37“ C 

Biochemical ahd Metabolic —Gas, and a variable amount of acid, ore produced 
m glucose, maltose and bevulose Fermmitatiott of glycerol, galactose and sucrose « 
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ranable Mannitol and lactose are not fermented A soft clot is form«l m 4-14 data 
mlitmasmilk Indole + H,S + Ivitratercdnction — MR — VP — Methyl 
ene blue reduction Gitalase aeakl} positive 

Avna^sia Structdiie —Antigenic relalionslupd exist within the group and in some 
Burveys the strains examined have fallen into a relatirely few groups As a whole how 
ever the specica is antigemcally hcterc^neous (see Oreutt 1030 Bovendge 1034 Daoh 
Dragstcdt and Heinz 1937, Henthome Thompson and Beavef 1930 Walker and Back 
1939) 


PaTHOOB’sicnr — F mcrophorvt appean to beresponsibleforseremlneeroticandgan 
grcnous lesions in animals such aacalf diphtheria labial necrosis of rabbits and foot rot of 
sheep and occasionally for necrotic lesions m man Organisms identical with or clceely 
simulating F nuroph^a have been deacnbed by Hams and Broaii (1027) In puerperal 
fever, by Bade Dragstcdt and Heinz (1936) in chtanic ulcerative colitis by Tompson 
and Beaver (1931) and Cohen (1933) in human lung abscesses by Bearer, Hentbornc and 
Macy (1934) in hepatio abscesses, and by Lemierre (1930) as a cause of pyxmia and septi 
ctemia (see also b^eciobacdlosia Chapter 79) 

Experimentally, the onanism is patbogenio for rabbits and mice It is non pathogenic 
for gomea-pigs dogs cats pigeons and hens, 
though McCullough (1938) succeeded in infect 
mg gumea pgs deficient in vitamin C with 
human strains of F necrophoru^ loocubted 
subcutaneously into the lower Lp of rabbits, it 
gives nso to the typical necrotic disease (seo 
p 1788) and causes death in 4-12 days In 
jeeted intrapentooeolly into rabbits, it proves 
fatal in about the same time , p-m tho per 
itOQCum IS covered with large white mosses 
sticking the two byers of serosa together, 
similar masses of caseous material occurbetween 
tbs mtestmal loops Cultures »n be obtained 
from tho poritonenni. Intravenous inocubhon 
mto rabbits is fatal m about 8 days, post 
mortem there is a fibnno purulent pleurisy, 
a caseous bronchitis and disseminated lobular Fio 8S — Fuaifc^mufuatformu 

pneumonia , the bacilli can bo cultured from the From a surface culture on serum agar, 
affected organs Histolc^cally, tho orgamsms anaerobically 2 dayv, 37* C {X 1000) 
give nse to intense inflammation, followed by a 

rapid necrosis not only of the fix^ tissue cells but also of the cclli of the exudate no 
liquefaction of the necrotic material oecure 

IiLce inocidated subcutaneously at the root of the tail die after about 12 days in an 
emaciated condition. Two days after the inocubtion. the local site is covered with a 
dry brownish crust , bter a yellowish grey diseolaratfca of the bordera of the joocniolion 
wound becomes visible and grednaUy spreads till at the time of death tho whole of the 
lower third of the back is involved. A pnnileiit conjunctivitis develops and the lids 
are stuck together Post mortem, tho sabcnUoeoua tissue around the wound and over 
the lower part of the back, u converted into • tough, dryish yellowish white necrotic 
mass , the caseation involves the back museke as well -Iho whole ares is surrounded 
by cedema. Numerous organisms are found to the caseous nuitcnaL The internal organs 



appear normal. , ^ i ^ 

In both rabbits and mice the organism is said to be found o^y in the aff^^ pai^ 
never m the blood or to tboeo mtcmal organe that are free from Icsi^ but on this 
question there is some doubt The abibty of the organism to 

U largely due to lU production of a necrottzuig endotoxin (Hevcndge IKM) There 
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la LuUs CTidetiee of the ptesenoe of & eolnble euhttaacij of the cxotosiQ type (Sctwner 
and Lee 1934) 

F fnsiformls — Thu organism ttbs first described by Vmcent in 1896 irho found it 
frequently associated with Trtp nneentt (see Chapter 33) m necrotic and nlceratiTO 
lesions of the throat and other tissues. A similar and possibly 
identical organism was observed by VeiUon and Zuber (1898) 
in appendicitis and other necrotio lesions of man and named 
by them B /att/ortRis Smith (1933) has recorded its presence 
in tropical nicer In necrotic tissue the organisms appear as 
long rods 6-12 /i in length thickened In the middle and with 
tapermg or pointed ends The axis u straight or curved They 
are arranged singly or in pairs end to end and are non mottle 
They stain readily with the usnal snllme dyes, and are Gram 
positive bat are decolonred if the treatment with alcohol is 
prolonged In cultores the bacilli are pleomorphic (Leukowics 
1900) they vary greatly m sue and do not always show the 
typical fusiform shape Long filamentous forms are -common 
The various morphological types of fusiform bacilli (see above) 
cult vated from the normal mouth of man and animals vaiy 
from thm sightly pointed bacilU 0 4 X ^-5 p to long and thick 
slightly pointed bacilli 07 x 6-^a p Tumucliff (19‘’3 1633) 
considered the spinllar forms found in association with fusiform 
bacilli in lesions of the throat to bo a phase of the fusiform 
type and found that spiral forms were relatively common in 
rough T&nanta of fusiform bacilk Sine (1937) considers 
that there is no good evidence of a genetic relationship betu'een 
fusiform bacilli and epirochxtcs 

The serological grouping of fusiform bacilh made by Pettger 
and his collogues has been noted above Bachmann and 
Gregor (1930) fonnd two groops u mouth strains, coneepond 
mg respectively to filamentons odour producing bacilli ossoci 
ated with stomatitis and to short diphtberotd baciQi 
produemgno odour in culture found m healthy mouths 
The orgamsm can be cultivated under anaerobic con 
ditious at 37° C but not at room temperature m serum 
agar or serum broth The deep colonies appear m 2 
days and are 1 mm in diameter The emallest 
colonies have a felt-like branched appearance , the 
larger ones are round and the largest of all are pns 
matic with angled projections and are of a yellomah 
colour On the surface of serum agar the colonies are 
small and resemble those of streptococm, bnt on 
further mcubation they may show a coos derable pen 
pheral extension and come to resemble colonies of 
Cl tfoTogenes (see p 876) In scrum broth large white 
fioccub form m 24 hours and later sink to the bottom 
(Ellermann 1904) (see Tig 89) On plam agar there 
may be no grow t h at ^ or a thin very delicato whitish 
layer bmited to the Ime of inoculatnm may develop 
after 48 hours (Weaver and TonmcLff 1905) Loefiler s serum and Dorset e egg medium 
are both suitable Iieither is Lquefied Growth does not occur m media containing 
sugar unless blood or ascitic fluid is added. Peters (1911) found that in the presence 
of rabbit blood acid was produced in gfneoee maltcse manmtol and lactose but not 

insucToae there was no indole formation. Group I otganismsofSpauIdmgaod Rettgers 


Fro 89 — Fw/cmis 
/tt«/crmw 

Blood broth eulturean 
aerobically 3 days 
37° 0 showing floe 
colar growth. 



Sorfsce colony on sennu agar 
anaerobwftUy 7 day* 37 C 
(X8) resembles Slanetz 
and Rettger s Typo IV 
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fusiform organisms fermented onl 7 glucxise and sucrose were mdolo +, and H,S 4- in tbe 
absence of cysteine , Group II organisms fermented glucose, sucrose maltose trehalose 
lactose and raffinosc, were indole negative and H^,S + only in the presence of cvsteine 
The place of F /nai/ermjj m the«« groups is not clear but it is more nearly related to 
Group n and to the IV of Slanets and Pettgw TTme and Beny (1937) could find 
no Bueh clear-cut association between fermenlatKHi reactions and cultural characters 
The organisms do not form spores They are killed in 15 mmutes by moist heat at 
55* C but resist 1 per cent antiformin for 5 minutes. In cultures they may rem ain 
alive for 6 to 8 weeks injeebons eabcotaaeoasly or intramuscularly mto rabbits and 
guinea-pigs may have little or no effect, at most an abscess is produced (EUermann 
1905) 

F ntaosns —Said by VtdlonandZnber ll8M)U»beoneof the commonest orgamsmsm 
appendicitis , has also been reported m hnmao gas gangrene and bacteraeraia (Lemierre, 
Reilly and Bloch Slichel 1937) Gram positive non motile, non sponng rod sbghtly 
larger than Eryatptlolhnx rkunopalita , arranged in pairs or short chains , m pus it « 
rather abort but in culture it may form pseudo-filaments, which are really made up of 
numerous short rods V forrns and Y forms are common Xo growth occurs at room 
temperature , and at 37* C eolomes do not become vuible for 3 or 4 days Surface 
colonies on agar are very fine effuse greyish white and translucent later thev become 
granular and sbghtly cloudy Deep coloruea in agar are very small greyish points which 
under low magnification are seen to be ovmd and grannlar with batched borders , as 
the colony grows, it becomes greyish yellow, and the edges beopome more defined In 
broth it produces a uniform turbidity m 3 or 4 days nth a greyish white muddy deposit 
Cultures have a characterutie cebd odour but very bttle gas is formed Strict anaerobe 
Acid u formed in glucose, gabetose and maonito) and sometimes in bctcee saccharose 
and maltose Lactose fermenting strains clot btmus tniR Jjidole — Gebtin not bqueSed 
(Weinberg tl al 1937) Cultures bve for over a month. Inocubted mtravenously into 
rabbits It causes death in some days by intoscation and cachexia Subcutaneous in 
oecubtion mto nbbita causes abscess formation with death in 8 to 10 daya 

F serpens — Isobted by VeiUoo and Zuber (1898) from tbe pus of a mastoiditis ta 
a child who died of pulmonary gangrene Large, slightly motile Gram negative rod with 
rounded ends arranged in pairs end to-end. or in pseudo-filaments Strict anaerobe 
Grows best at 37* G, but develope at 20* C Surface colonies on agar after 43 hours 
are only just visible , later they form amaU cloudy translucent masses of greyish colour 
Deep colonies m agar after 24 hours at 37* C are smalJ, clear rounded greyish, granular 
masses with hatched edges, and sometiznee a bouquet of filaments at one point on the 
periphery laterthey increase in opacity and the edges become better defined In gelatin 
stab there is a filiform growth , liquefaction occurs down the whole length of the stab 
the bquefied gelatin remains clear, and flocenb of growth fall slowly to the bottom forming 
a white deposit. Deep colonies in gelatin are round greyish, and Lquefy the gelatin slowly 
In broth there is a rapid turbidity, followed by a clearing of the medium with the forms 
two of a white deposit. Acid and ^ are formed from glucoee bevulose maltose, gabetose 
and betose Indole — P«o hsemoly^m. Cultures have a imtid odour, but only a small 
amount of gas la evolved Cultures remarn viahle fiw about 20 to 25 days Pathogenic 
for mice, gmnea pigs and especially rabbits but not so pathogenic as F romosiM 

F trasUis —Said by VeiUon and Znber (1898) to be the commonest organism in appen 
dicitis. Xon motile. Gram negative, tod with rounded ends, slightly smaller than the 
diphthena baciUoa , axis straight or sbghtly curved , arranged smgly or in pairs end 
to-end. Strict anaerobe. Difficult to weJate. Surface colonies on agar are extremely 
fine greyish, and tranalnccnt and tend to undergo autolyaia m a few days Deep colonies 
in agar do not become visible for 3 or 4 days, they are very small, round, irregnbrly 
round, or ovoid brownish yellow, opaque with an entiro edge. Deep colonies in gebtin 
appear m 8 to 10 days , they are punctiform, ydlow, grannbr, with an entiro edge no 
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liqa«£seboa. Cmform tarfaditr m faratli depoct. Coltint* Isa^* » leljiS 

odocr, but erolre little gu. Oilttzres id agmr re main Tub^e for les tti«n a week. Sab- 
ratsaeoss isocfllatios lato etnaea-p-gs |rot!ac«s abscas fona&tun. Tbe ogsaiss u 
more patbogeaie for tbe rabbit, prodaong oa Eiibetitaaeocs laocolabmi an ext^sre 
phlegmon «itb donghmg of the ekm. and death m 6 to 7 dsn. Intrarenora ifificsIstKa 
<d tbe labbat is fc^oved death, bat xto agsmsai enn be fo^id m the t^sssa at 
necropsy probablr death M doe to toxszsia, for the sanse remit ts breast abort br 
killed caltnm. 

F fcrtosrt.-— Not so common in appmdicitg as f fmyQu and J" re^rctvi. la pet 
It is a reij small tod onth one of its «nit fonsiog ttro littJc hnsehes Lke a T In enb 
t&re It forms rods msnr of these iscmsem ler^th, and dinde atone cftbeirestrecuties 
mto two branches, each teminated by a swellt:^. others form branebea, which them* 
selresdinde. TbebanSjandtbetrfcraMbrsareneTerTcrTlCTg the eweUss^ are roo^^ 
or pynfona, and are nnmeons. The whole cgganisa u iLgfctly larger *>-an tie tcb«c.e 
ba^us. Non motSe and Gram negattre. Stnet anaerobe. No growth at room t«m 
peratore , at 37* G. gnnrth u not risible for 3 or 4 dara. Ssifaee eoloniee <m agar ate 
reiy fine giej pomts, eearcely taised at all f rem the trednna oada low magmf-eiiion 
they appear reDowvh, nsy finely graanlar, and tare trarspamit toiden. De^ cc^cnies 
in agar are so small and transparent that tber ate d-Cnilt to see when maemfied. tber 
are Tonnd aid yellowish, with ddScate legclat bcrdeis. A fine pteopijate is fesmed m 
broth. Coltorcs tare a sluitJy fcstid, sour odonr, lot ertJre my bttJe gaa. Uteres 
remain nable tor 15 to 20 days. Sobcntameocs icocolaticm into a gmsra yg prodmes 
an abscess, whmh generally heals, aametunee death oeraa after teresa) weeka fmn 
eaebezuL 

F ecUalsoge&lea -’’Isolated trrOliTerandTThaTT (l^l)fios the e«c*h. mleeted 
wounds, urine and feces of the subject. On seiLs xt 

fonss a tne - Urm lOu pigment. Aeccrdmg to Botden 0^) ^ b a G’aa eegum 
Don.sponng dijdocoecobsdllas gromg feeble oo blood media idea mixed wnh other 
otganisms, via ita growth ts mo’e pro*iise. IhepeaaentdeTelopBslcnrlr afiarl Sdaes 
the cohmies mac be stained a pale brown m 4^5 days they are a deep black in coker 
Cnlturee hare a foal odoor Bv the tnne fagmentatioD a fuDr deTekped, the cohote 
13 edien dead, which mar acooemt fee the mfreqaoicy with which this cegazesm has been 
isolated and its peeshar chromcgesir ebatseter teergasrd. ITess /I943> rtjtxted losal 
inflammatory cednsa, foQowed by nroTss, after mtiadamal mi'ctioa of cohureS 

m rabbits, bst no cfect after intrapenlooeal mjectioD m mice. 

Its patbogematT is probably low In pan, it haa been isolated bfsa parent k^ces, 
osoaBr along with odxr pathogeoie bactera. and s o m e tunes tom the blood. 
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CHAPTER 19 

PFEIFFERELH, AND CERTAIN ALLIED ORGAJOSJIS 

Densirio': (tmeodtd Irom tL« Amman GomcuUte ^ P>Q)OTt^ 

deader, osoaD}* Don motile, Gnm iiegatiTerodj,oftenctamjngtiTegu!srlj 
and sometimes formuigtbreftdaorelioinssatefidencf towards biaochis^ Grovtii 
on all media is rather slow , gelatin may be slowly Lqnefied . fermentation of 
carbohydrates u rerr weak , cbaractenstic brown honey like growth on potato. 

Type spectra is PfetSertUa titaOa. 

HisTOBt — ^The glanders bacillaa was isolated by Loefler and ScLatg in 1882 
(*re Loeffler 1886) from a horse dying of acnte glanders. An organism in many 
respects resembling P/ tnaUn was isolated by Whitmore and Enshnaawanu 
(1912) from a glanders lie disease of human beings in Rangoon. Jt was de«ig 
nated B ju^damallit by Whitmore (1913) Sobseqneatly Stanton and Tletcber 
(1921 193o) gare the name of Sleboidoais to tbs i^ase and Bccilttu vhumm 
to the eausatire organism 

The genns PJnffertTla was teotabrely mated by tbe Amencan Committee as 
one of tbe genera intermediate in position between Aatnamye«4 on the one hand 
and Jlfpeohadenum on tbe other Tbe Qpe species and tbe only listed member 
of the gronp, u the glanders badlliis or PJ maUet The cla^iBcatioa of tbs 
organism presents many difflcnlties and tt is fay no means certain that the genus 
PJetfferdla will gam permanent recognitjon- 

As regards the fermcntabre power® of Pf mallei, the Amencan Committees 
deSnitioD states that carbohydrate® are not fermented. According to onr oberra 
tions and tho«e of Stanton and Fletcher (1933), acid u formed in gliico<e in 3 to 3 
weeks a small amount of aad sofficient however to give a pink colour with 
Andrade s indicator, is produced to salicm Moreover there is a slow formation 
of scid m btmos milk, becoming apparent in about 5 davs, and followed m 2 to 3 
weeks by de&nite clotting 

In certain respects Whitmore’s baciUns resembles PJ moUei but it diSers 
from it in many others For the moment we assign it to the P/etfffrella group 
entering a caveat that should that geuns attain a permanent place m systematic 
bactenology it is by no means certain that Wbtmore’s bacilius will be placed 
within It. 

Group Characteristics 

^lorjihoXogicoHy tbe two OTganisms are faidv similar , PJ trhjJmon however 
IS rather smaller frequently shows bipidar staiRisg and is motile In films of the 
smooth form the otgamsma are arranged m long parallel bundles embedded in 
an mterstitial substance presenting a very characteristic appearance, with 
Loeffler s methylene bla<*, tbe interstitial Eofas^nce stains blue, the bacilli blnish 
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red , films of tfic rough forms show no interstitial substance, and re«emble Pt 
mallei more closelj •' 

CtiUnrally, the growth of Pf uhitmon is more rapid and more profuse 
than that of Pf nuilki On 
glycerol agar it may gnc a «mooth 
mncoid or a corrugated and 
wnnkled growth Staton and 
Fletcher (1927) hare also described 
an ultra rugose variant, with an 
extremely corrugated surface, and 
a consistency so tenacious that 
if the colony is touched with a 
needle, it a^eres to it and peels 
bodily o2 the medium Growth 
m gelatin at 20“ C is abundant, 
and liquefaction of the stratiform 
type IS apparent m 4 or 5 days , 

Pf mallei, on the other band, groire 
very poorly in gelatin at 20“ C 
and never liquefies the medium, 
though according to Stanton and 
Fletcher (1925), if it is mcubated 
at 37“ 0 , permanent liquefaction 
occurs in 4 to 6 weeks In broth the growth of the smooth form of Pf tehiimn 
resembles that of Pf mallet , the rough form, howe\ er gives n«e to a wrinkled 
surface pellicle On potato the <mooth form gi\es a cafe au lait growth resem 
bling that of Pf tnallet, whereas 
the rough form gives a much 
lighter growth of creamy or 
creamy yellow colour On 3Iac 
Coaleps agar, Pf grows 

freely, forming red colonies, while 
Pf mallet entirely fails to grow 
Biocliemicalli/, Pf ic/iUtnon is 
an active fermenter on fiist isola 
tion, producing acid m glucose, 
manmtol, lactose, sucro'e and dul 
citol, and decolorizing Andrade s 
indicator , but after long sub 
cultivation m the laboratory it 
loses its power of fermentmg any 
sugars except glucose In litmus 
milk acid is produced in 3 days , 
later the casern is precipitated, 
and may be digested , the Ltmus 
13 partly decolorized Pf malle%, 
on the other hand, though it may produce ncid end clot, neier peptomies 
the medram Frejhly isolated stiaiM of Pf irfit.nori hqucfy blood •«mjn and 
coaenlated ega. but this property is oftm lost doting cnlliration m the laboiatory 
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Fic 92—-Pfei^ertnaKfiitnwn 
From an agar culture, 24 hoars, 37® C (X lOOO) 



Flo 91 —Pft^ffenUa naUv 
From ao afar coHure 48 hours 37® C (X 1000) 
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Pf malln has no digestive action on serum. Both o^niams maj produce a 
small amount of when tested by HoddJesoa s method on Iirer agar (For the 
preparation of jjwffein see Chapter 62 ) 

Ai\l gtntaiW}} the two organisms appear to re^mhle each other closeljr Stanton 
and Fletcher (192o) who examined 5 atrams of PJ malUi and 14 strains of 
PJ ir/ilmon by agglutination abruption, and complement fixation found that the 
strains of Pf xcl xlmorx formed a homogeneous group but that the 5 ttrains of Pf 
mallei fell into two group* One of these groups was very 
closely related to if not identical with the irhitmon strans. 
It is important to note that the 2 strains of Pf mallei which 
resembled Pf ichilman were isolated from pomes in Java and 
India respectively since they differed m certain respects from 
the other strains of Pf mallet which were isolated m England 
and Egypt it is just possible that they were \anant strains of 
Pf tc7 xtmari According to de Moor and his coDeagnes (ISS**) 
strains of mallet and tchtlman show cro^agglutinatioa to t tre 
and complete cross-absorption with specific sera. Cross allergic 
reactions are also said to be obtainable xn infected ammals with 
mallein and the corresponding product prepared from cultures 
of Pf tehUmon Verge and Pairenuure (1928) have reported 
a positive complement fixation reaction with the serum of a 
glaudeced horse m the presence of a tc^ttmon autigeo. Farther 
work however is obvionsly desirable on the antigenic strocture 
and relationship of these two orgamsms 

PufAo^entealljr Pf meSei gives nse to disease la eqaines, 
while Pf tehiimon h a Datora] parasite of rodents Both 
organisms can cause disease in man both are infective for 
laboratory ammals and both ate able to call forth the Straus 
reaction on mtrapentooeal inoculation of male guinea pigs. 

Expenmental R ep ro d uction ol Glanders m Atnmals. — Exp*n 
mentally glanders maybe reproduced inbotses asses and mnlea 
by feeding with cultures of Pf mallei and by subentaneons 
inoculation Sheep and goats are eas3y infected but cows and 
p pan said to be resistant Of laboratory animals the guinea 
p g and the field mouse (^mrolu arruf a) are the most susceptible 
to experimental inoculation rabbits and dogs are leas so rats 
birds and perhaps white mice are compaiabvely resistant 



Fie 93 — 
P/efftrOa 
iciiimon 
GeUtm etab cut 
ture, 10 dav*. 
20* C fhow 
mg stratiforiQ 
liquetactioii. 


Gcmxi. FIGS loeffier (1936) made S5 experusents oa gucea-pigs, and erery a&mal 
developed the disease N ot all obeerren. however are agreed ou the uniform »nscepfb3 ty 
of the guinea-pig young «nima1« aeem to be more resistant than older ones. 

ADer eubetdaneoas inoculatimi of a small amotzat of a pure culture an abscen develops, 
which ulcerates in 6 days the regional glands break down and discharge pus. At this 
stage the disease may become statmnaiy or retrogress but usually it advances. In the 
Mcond week hard nodular foci are palpable u the testicles and ep didymia inflamm ation 
of the tunica vaginalis occurs and the testicle becomes fixed to the cveriying skm finally 
uloecaticra takes place with the dischaige of purulent matena) In female gmnea-^sgs 
the mammie and labia may he inflAtni-d. Swelling and inflammation of one or more joints 
IS very coromoa, eometimes leading to abeces fcamation and ulceratica. Nodules often 
appear in the musdes, fa« back, or beneath the penosteum of the bones. In abmit » 
third of the animals nodules appear os the nasal mucosa, and crusts edlect around the 
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exterreil narea. Death follcws m 1 to 8 weeks, generally la the 3rd or 4th week At post 

mortem there u a local ulcer or scar , the region^ ^ands are swollen, and contain greyish 
white purulent masses. Abscesses are found m the skin, subcutaneous tissues sad around 
the joints. The lungs contain nodules, greyish yellow and easily emulsifiable. particularly 

under the pleura In the spleen there are numerous submiliary nodules of a greyish yellow 

colour, projecting slightly above the surface There are fewer nodules m the liver , these 
are more greyish white m coloui The kidneys are free, but nodules may be seen m the 
Buprarenals Small, grej ish yellow nodules are found m the testicles, or larger foci, 
relatively firm with a caseous centre The mucosa is red and swollen, and may be 
covered with fnable caseous masses In recent lesions the bacilli can always bo found, 
but in the older ones they are scanty 

After mlrapentontal injection the testiclea swell in 2 to 3 days , by the 10th day they 
are greatly enlarged , death occurs in a fortnight as a rule The testicular lesion — Straus 
reaetion (Straus ISSOul— commences in the tumca vaginalis The two layers of the serosa 
are covered with confluent yellowish white granulea of pmfaead sire On the 3rd or 4th 
day the layers are united by a thick, purulent exudate nch m bacilli. The scrotal ekm 
becomes inflamed and adherent to the underlying tissues , later ulceration occurs (see 
Panisset 1910) After mtropentoneal injection of organisms of lowered virulence the 
Straus' reaction maj occur without death ensuing 

Gumea pigs have been infected by insufflation with powdered cultures (Babes 1891), 
Field SIice — After tubeulaneout inoculation these animals die m 3 to 4 days Post 
mortem, there is a greyish green uifiltretioo at the site of injection The lymph vessels 
leading to the enlarged glands are studded with little greyuh white nodulH ^e spleen 
IS greatly enlarged, and contains numerous yellowish white ncdules projecting abgbtly 
above the surface There are several tiny nodules in the liver 

Wood Mice— The wood moaso^J/us «y(ratictis.~is less susceptible than the field 
mous e dmcolo artulte After subcutaneous moculation it develops a chrome disease 
not proving fatal for 3 to 6 weeks Post mortem, the spleen is eolaiged, and contains 
numerous pm head, greyuh spots or nodules . sometimee there is a fibrmo punilent 
exudate ui the pleura, and enlargement of the Ijrmpbabc glands (Eitt 18S7) 

Raasnu. — Subnlantmu inoculation causes a local ulcerating lesion and swelling of the 
neighbouring lymphatic glands. If the animal is killed after a month, as well as the 
^ndglat cwellmg there may be a fiiw ^yish nodules in the Jungs, and ulcers on the nasal 
mucosa. After tnirarenous inoculation, nameioas nodules develop in the spleen and liver, 
but death may be delayed for some weeks 

White 31ice avu White RsTs — ^These animale react to subcutaneous mjection with 
a rapidly retrogreaaive local abscess Oceaawiially an animal dies after about 7 weeks, 
and at post mortem shows caseous nodules in the spleen I«o (1889) states that white 
mice can be rendered susceptible to glaodere by being fed on a diet containing phlondzm. 
According to Sabolotny (1926), white mice are more susceptible than has generally been 
beheved. In bis expenments, after subcutaneous inoculations with a pure culture, the 
mice often died of an acute inleclion inSOloT^baare , no ■maia wijopic Vesicua wwe pi&wiA 
at post mortem, but the bacillus could bo recovered from the organs After subcutaneous 
mjection with ^nders pus, they all died m 5 to 6 weeks of a chronic infection. Post 
mortem, the spleen was much enlarged and was nddled with nodules of varying sizes . 
there were also a few nodules in the liver and lungs 

Dogs avd Cats —After jufreutanrous inoculation in dogs a local alscess occurs, followed 
by ulceration the disease apparently remains localized (Galtier 1831) Acute fatal 
glanders may follow mtravenous injection of large doere of bacilli . numerous small lub 
cutaneous nodules develop, and at poet mortem lesions are found m the liver and epieen 

(Straus 18896) , , , , <■ u j 

CaU are more suseeptable , after subcutmieoaa inocolabon a local lesion occurs foUowed 
by death m 15 to 30 days ; at post mortem nodules are found m the mtemal organs 
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culturea there may be great vanatirai in length and to a lesa extent m thickness , 
long filaments showing tme or false branching, club pear, flask, and other irregular 
forms have been descnbed. Stammg is nsuaUy uneven, deeply stained alternating 
with poorly stained or unstained areas , bipolar staining is common. Non motile , 
non-capsulated , non sponng , Gram negative , non-acid fast 

Agar Plate —2 days at 37* C Round, convex, amorphous, translucent, greyish yellow 
colonies 0 5-10 mm in diameter, with smooth glistemng surface and entire edge , 
butyrous in consistency and easily emnlsifiable 9 days, colomes are 1-2 mm in 
diameter, more opaqu#, and may have a very finely granular surface , sometimes 
the centre is coloured sbghtly brown. 

Agar Slope — 2 days at 37* C Moderate, confluent, raised greyish yellow translucent 
growth with beaten copper surface and edge undulate or formed of single colonies 
Medium unchanged Not so fnofnse as growth of Bad edi 

Gelatin Stab•—^ days at 20“ C Poor to moderate, filiform growth extending nearly to 
the bottom of the tube and consisting of small discrete colomes , raised surface 
growth about 3 mm in diameter No bque&ction After 6 weeks the groirth 
IS often browmsh m colour If incubated at 37* C gelatin is said to be perman 
ently liquefied in 4 to 6 weeks 

Broth —2 days nl 37® C Moderate growth with moderate uniform turbidity and a slight 
powdery sediment disintegrating completely Wo surface growth 14 days, ring 
growth IS present and there is a moderate, viscous deposit, very difficult to dis- 
integrate 

Horst Blood Agar Plate — 3 days at 37* C Good growth of round, low convex, greyish 
green, opaque colonies 1 nim in diameter No hiemolysis, but plate is browned 

LotUltr's Strum — 3 days at 37* C Scanty growth, barely visible, of flat discrete colonies, 
0 3 mm. m diameter No bquefaction 

Potato — 2 days at 37* C Moderate, raised greyish yellow growth After 4 days tbe 
colour deepens to cafe-au kit, and in 10 days to chocolate 

ilaeConkei/s Agar —0 days at 37* C No growth. 

Resistanee — Killed by moist heat m 10 minutes at 65* C Cultures dried on threads may 
live for 3 or 4 weeks , but infected pue or discharge when dried, usually becomes 
sterile m a few days Killed by 2 per cent pbenol m I hour, by 1/1000 HgGl| 
m IS mmutes, and by calcium bypochlonte with 2 parts of free chlorine per million 
la 30 Biiastes la colture tl» OTgaBisoj rarely aumvea looger than » month or 
6 weeks 

iletdbohsm — Aerobe , either no growth at all or ooly very sbght growth after 14 days, 
under stnet anaerobic conditions Optimum temperature 37® , bttle or no growth 
below 20® C. On culture media it grown slowly, growth is often not apparent 
for 2 days Tendency to formation of brownish pigment in cultures, especially 
on potato No hsemolysm is produced 

Biochemical —Acid, no gas in glucose and aometimee very slight acid in sabcin , no other 
sugars fermented L.M. sbght acid , after 2 to 3 weeks a clot forms, and the 

Ltmus 18 partly decolorized at Ibe bottom. Indole—, MR. — , VP — , nitrates 

reduced, H,S shght-f- , NH, + , JLB reduction-, catalase sbght -f- 

Anhgemc Structure By agglutination, absinption and complement fixation there appear 

to bo at least two types of P/ *naIlCT,ofwhich one is related to P/ uhitmon Saka 
moto (1930) has isolated from cnltnre filtrates of P/ muKei a relatively non specific 
nucleo protem substance, and a soluble specific polysaechande which gives a pro 
cipitation reaction with immune sera 

Palhogemcity— Causes glanders or m horses mules asses, and man Experi- 

mentally the disease can be repoduced in eqnmes, goats, eats and guinea pigs 
sheep rabbits, dogs, rats and mice are lees susceptible , pigs and cattle are resistiint 
Intrapentoneal injection of the male guinea pig is followed m 2 days by swellmg 
• of the testicles, after3or4day»lhetwoUye«of the tunica vagmabsarogummed 
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together bj* a thjcic, porulent, jellowiab exadatc. The feroUl eba becomea adhet 
ent, and nlcerstes. £)cath iQ 14 dajs. P3I.> besides the testicular lesions, there 
may bo sobmiliary nodules m the spleen projecting aborc the surface, greyuh 
vhite nodules m the lungs and bver, and snbcutanrous or perurticalar abscesses. 
BaciUi are present in the fresh lesions. 

PleiffereOa whilmon 

Itolcdton —Isolated by Whitmore and Knahnasirami (1912) from human patients with 
moboidosts 

Synmyrna — B psewJomalUi, B teKxImon 

Habitat , — Parasite of rodents and man 

ilorphdloyy — Small, sVnder rods, )~5 /i long and 0 4-0 5 fi broad, sides parallel, ends 
Toonded, axis straight , arranged singly, in pairs end-to-end, or sometimes in tong 
parallel bondles, the bacilli being eml^ded in an interstitial substance Vana 
tiona ocenr in depth of atauuag , bipolar stauung common, especially in films from 
infected tissues Motile. Gnmoegatire, acid (Mt granules hare been de<cnUd 
in freshly isolated strams (Fiolarson 1944) The short, orah hipolar-stained rodr 
are charactenstwof the rough form , the longer, natrower rods, arranged m palisade? 
with uregolar staining and shadow forms, are characteristic of the smooth ranant 

Agar plaU,-~3.i hourt el 37^ C Rottnd, amorphous, low conrex, translucent, greyish 
yellow colonies, 1-2 mm. udiameter, smooth, glistemog surface and entire edge, 
consuteney mucoid, emulaifiahihty easy 14 daj». colcmios an opai^ue. of tea 
coloured yellow, brown, or pinlash, aud maf hare a wnuUed centre. 

Agar Slope , — ^24 hovra at 37* C Abundant, confiaeot, raised, greyisb’yellow, aocoid, 
spreading growth, with glistening, beaten-copper surface, and edge nndulata or 
made op of single colonies. Growth more profuse than that of Bad alt. Cul 
tuxes hare a mouldy, earthy smell 

Gdotin S<<th —10 dayc at 20’ C Abuudaut, fihbarm growth, moetly of discrete ooloaies 
extending to bottom of tube. Straltform bqoelaction : betw«n the Lqnefied and 
unhqnefied portions of the gelatin there u a thick nodular pelhcle of growth. 

BroA —24 lioars at 37’ C Good growth with moderate turbidity, and shght powdery 
deposit dismtegnting completely , may he shght pdhcle formation. 49 days, 
luxunant growth wilb dense turbidity and a heavy viscous deposit disintegrating 
with difficulty The rough form gives nse to a slight turbidity and a wnnkicd 
surface pellicle According to Vicholls (1930), the rough form jwoduces about 0-2 
per cent oxalate (calculated as calciom opiate) in 4 days , the smooth form pro- 
duces not more thau about 04)1 per cent., but renders the medium alkaline — pHS-4 

Glycerol Agar —3 dayt at 37’ 0 May be (I) profuse mucoid growth writh smooth ghstemng 
surface, or (2) profuse growth with dull, wrinkled, corrugated, or honeycombed 
surface. 

Eorgt Blood Agar Plalu — 3 day* at 37* C Abundant growth of round, low convex, 
greyish green oolomea, 1-2 mm. in diameter Ko hamolysis, except, perhaps, with 
fieshly isolated strains 

Lotfjier t Seram — 3 dayt at 37’ C Good, confluent, ghghtly raised, creamy growth with 
smooth snrfaco and undulate e^e. Liquefaction by freshly isolated strains after 
a Tanahle number of daya. Sometime* the growth, itself appear* to become liquefied, 
and runs down the elope 

Potato 24 hoars at 37’ C S type good growth of a creamy or lemon yellow colour 

not very easy to see , later the colour deepens to cafe-su lait or chocolate. K. 
type forms dry, dull, dirty while growth. 

ilaeConlcty't Agar —3 day* a< 37* C Abundant growth of red, ojaque, low convex or 
umbouate colonies, 2-3 mm. in diameter 
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bj moist boat at 56*0 within 10 minutes Killed «ithm about 
10 minutes by 1 per cent plienol and 0 5 per cent formol Organisms may buitito 
for a month or more in water, Ttccs and dried soil, and for a week irv putrefying 
carcasses ® 

Meaholxsm —Aerobe . very slight growth on agar and in broth after 14 days under stnet 
anaerobic comblions Optimum tamperaturo for growth 37° C In culture it 
grows more rapidly and more abundantly than Pf tnanet No hemolysis of sheep 
or horse blood, except perbaps with freshly isolated strains Tendency to formation 
of brownish pigment in cultures, especially an potato Oxalates formed in broth 
bv rough form 



HiocAemtcal —On first isolation It forms acid, no gas in glucose, maltose mannitol lactose 
dulcitol dextrin and sucrose, after long cultivation in the laboratory it may attack 
glucose only , Andrade indicator dccolonzed in 4 10 days LSI may be slightly 
acid m 3 days , casein ii coogulated and may bo digested , partial decolorization 
of litmus Indole — , MR — , VP—, lutrates reduced, NHg4"» HjS ^ 
when tested by Huddlesons method OR liver agar, MB reduction^, catalase -f- 

AvUijrnie Struclurt —^y agglutination, absorption, and complement fixation cultures of 
P/ tchtman form a homogeneotw group, which w eaid to be closely allied to one 
group of Pf malUx 

Ptf/Zi^enici/y— Causes melioidosis in man rats cats, dogs, guinea pigs, rabbits and ooca 
tionally horses. Expenraentally rodents can be infected by feeding injection 
into the tiasucs or by rubbing on the scanfied skin. Produces abscess at site of 
inoculation, generalized adenitis, snd nodular abscesses of the spleen and lungs 
After ip injection of a small quantity of eullnre into a male gumea pig gwellmg 
of the testicles occurs in 2 days with caseous exudate between the two layers of 
the tunica vagmalis If a large dose la used, death may occur m 24 hours from 
septicjcmia, before there is time for the Straus reaction to develop or for nodular 
lesions to appear m the viscera SmaU doses prove fatal m about a week. Gumea 
pigs are so susceptible that even mmute numbers of bacilli brought into contact 
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the scarified skm naa^ giTenseioalatal infectioa. F>abbita arc as eiiscepbble 
as gmnea-pigs, but raU are more leaiafant. The subcutaneous inoctilabon ofO-I ml 
of a 24 hour broth culture into a rabbit usually causes death m 3 veeks Pcet 
mortem there is local necrosis and necrotic or purulent lesions ace fbund m the 
lungs, spleen lircr, joints, bonea nr testicles , purulent arthntis is common in the 
second ireek. Cats, monkeys and goats can all be infected experimentally The 
disease in the monkey is usually chrome, lasting 2 to 4 months, and is accompaiiKd 
by severe emaciation Horace ate resistant {see Stanton and Fletcher 193’ da 
Sfoor tl al 1932 ^ichoUa 1934) Accardiog to VlchoUs (1934) the rough type a 
the normal virulent form ntule the nnooth type is relatively avinilent if obtained 
completely free from tough orgaiuams. 


Perez’s BaciUos, or Coeco<hacillos fcelidtu ozeeos 

In 1899 Perez described under the name of Cocco-baeiUus falidus <r(tnct 
a small oigamsm that be bad isolated Itom tbe nose oi patients Bufienng from 
oziena His work was confirmed by numerous obsenera (Hofer 1913a b. Ward 
1916 1917 Bussod 1923 Olinescu and Atmeu 192oa, but there is insufficient 
evidence to show that this OTganism is causally related to oaena Perez {1901, 
1913) found his bacillus also m the sabva and nasal muem of apparently healthy 
dogs 

To avoid confusion it may be stated here that Perezs bacillus is different 
from the ozsoa bacillus described by Loewenberg (1894) and by Abel (16*^6) 
which tindouhtedly belongs to tbe Fn^lander group (<ee Copter 28} 

The classification of Perez s bacillus is very doubtful , it is impossible to say 
to what group this organism will ultimately be assigned Our reasons for inelnd 
ing It in this chapter are to draw attention to certain pouts of resemblance that 
it shows to P/ Khttmon and B hronchtstjticus 

Uoiphologically Perec a baciHos u a small. Gram negative coceo>bacilltis which was 
originally described as being non motile but which u said by Ferry and hoble (I91B) to 
be alnggiahly motile aud by Ward (1917) occasionally to acquire motility in culture. In 
flmd media and in old cultures oo solid media long irregular deeplystauung filamentous 
{arms may appear la brath, and on agar if the tubes are sealed, cul ture s have a heavy 
sweet unpleasant or even nauseating odour which u said by Ward to be due to volatile 
sulphur compounds. Accordmg to our owd observations, agar cultures tend to wither 
after a few days suggesUng the occ u rre n ce of antolysia In gelatin stab culttues of 
Perez s baciUiu fine lateral filaments often appear m 2 or 3 weeks radiating from 
the central stab On potato a creamy white growth is formed. Biochemicallj the 
organism produces acid and gas m glncose only , in litmus mtlb there mav be a sbgbt 
acidity, indole is produced Ant^enically all etrauu are said by Ward (191") to be 
homogeneous but according to Olinescu and Atmeu (19"oa) this is donbtfuL An anti* 
serum to II bronehvteptieus is without actum on Perez e bacillus and tvee versa (Ferrv 
and Noble 1918] Both Perezs bacillus and H brone^isrpficvs are parasites of therespi 
ratory tract and both seem to be secondary rather than primary agents in the causation 
of disease. It is probable that in the past they have been confused with each other 
The following table (Table 33) modified from Ferry and Noble ennmeratos the mam 
diSerences between them. 

An organism similar to Perezs bacilha has been isolated by Shiga (1922) from the 
nose of ozama patients. Tbe chief differences between the two are that Shiga s organism 
often ferments maltose and sucrose as well as glucose it sometimea peptonizes mdk 
it hquefiea gelstm and it is not ag^otinated by a serum prepared against Perez s bsciBna. 
Blano and Paogalos (1925) have isolated from the nose of oz*na patients a short actively 
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TABLE 33 


DrTTXM\TiATio’» or If BRO^CBiazmcvs jbom Peexz s BicniTia 


1 

n t mthtarp lau 

Fe «ti baclUni 

3Iorpkology 

Odat n iSbit 

Potato 

Lt mus Jfilk j 

B oehtmual I 

Indole 1 

Small narrow bac Ilna 

Ao lateral filaments 

Yellowish brown growth 
AUcalme 

Ao fermentat on 

Small eoeco d bsmllus 
lateral filaments after " to 

3 weeks 

Creamy white growth 

Slightly acid. 

Ac d and gas In glacose 
+ 


motile Cram negat re bac llus wluch they call B ozogtnei It coagulates milk 

ferments glucose maltose mannitol lactose and sucrose with the product on of ac d and 

gas gives a ranahle indolc react on and forms 

Cocco^baciUos fcetidns-ozasuB Perez 

Synonym — ^Perez s bac bus 

Itelal on — By Perez in 1690 from nose of ozena pat ents 

llah tot —Nose of ozena palients aal va and nasal mucus of normal dogs Probably 
itnet paras te. 

J/orpAoloyy'^SmaU eocco-bac llus ! 3/i long by Oo /< broad some strains are oooco d 
some are bac Uary Parallel or bulging s des rounded ends az s strs ght 
arranged s ngly in bundles of tno or three members and occas onally u pa rs 
end to^d, I^ng a naous filaments and long stre ght or curved bac Ui may be 
seen espcc ally in old cultures. Sta rung is fs riy even. Non motile or sluggishly 
mot la. ^o^•eap3u!ste<L Gram negat re. 

Agar Platt — 24 hourt at 37* C Round amorphoos low convex greyish white tnna 
lucent colonies np to 1 mm in diameter smooth glistening surface and eut re 
edge consistency butyrous or viscous emub Sab bty easy 7 days colonies 
are larger 1 2 mm. in diameter but owing to autolys s are flattened almost colour 
less transparent and adherent to the medium surface is dull and very finely 
granular 

Ayar Slopt. — 24 hourt at 37* C Moderate confluent slightly raised greyish yellow 
sbghtly translucent growth with gbsteniDg beaten-copper surface and entire edge 
condensat on water consists of greyish white muco d matenaL 7 days whole 
growth IS flattened, and withered surface dry and covered with secondary 
toloues. 

OelatnSfab TdagxURP C Moderate mostly confluent filiform growth greyish white 

In colour extending to bottom of tube Surface growth 2^ mm n diameter 
slightly raised or flattened. Ao bqaelacl on even after 3 weeks After o to 3 
weeks dehcate feathery outgrowths from the sUb appear n the upper half of the 
medium. 

BrotA.— *’4 hmiri at 37 C hloderals growth with moderate uniform turb dity and a 
sLght powdery depos t disintegrat ng completely heavy unpleasant sweetish 
odour Ao surface growth. 

Horst Blood Agar Plate.— '•i hours at XT C Abundant greyish white growth No 
hiemolys s but plate is browned. 

Potato— 7 days at 37* G Poor confluent dightly raised creamy white growth with 
smooth surface potato browned. 

2IaeC<miejsAgar-2ihorrsatS7‘C Good growth of small round loweonvex yellow 
Ish colomee not unlike those of Salm tj/fAt 
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Resulantt , — Not known. 

lltiaMum — Aerobe, facultative anaerobe Optimum temperature for gronlh 37®C, 
but growth occurs slowly at £0*0. I>o hsmolysis of sheep’s or horses red cor- 
puscles. OldcalturtsbaTeatendencytohecomehrownishus colour PceUd odour, 
especially noticeable in broth or sernffl broth cultnres, and in corked agar cnltores. 
fiiocAemtcoL — Acid and gas m glucose only L.hL slight aad. Indole , M.E. — , 
VP—, mtrates reduced , f-; iLB. reduced, catalase 

AnUgenic Structure — -Apprars to be astigenically homogeneous, as tested by agglutina 
tion and complement fixation, but not many strains hare been teated. 
Palfiogeniettg — Pathogenic for guinea ptg%rabbit8,and mice. After intravenous injection 
of rabbits a mucopurulent, sometimea lucmorrhsgie, nasal discharge develops,* 
containing large numbers of the bacillt. Chrome rhuutis may develop, with atrophy 
of the turbinate bones. Death occun in from 24 hours to several weeks, accor^g 
to the dcse injected. Intrapenloneal injection of 025 ml of a saline suspension 
ofi agar into guinea pigs is fatal m 12 boun , post mortem, there is pentonitis 
with abundant hxmorrhsgio exudate. A similar doso injected subcutaneously 
into mice is fatal in 4S hours . post mortem, there is gektmous cedema at local 
site, and enlargement of the spleen. Nnther m guinea pigs not in mice the 
baeiUtis be recovered from the blood. 
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AJ'OTOBAcrrrji. iiiii/onruM, nitrosoaionas mtrobacter, 
hydrooi:n*omon’as, aii.thanomonas, caubowdoaioxas, 

AND ACI.TOlUCTEn 

Iv tlii^ chapter we proup together & numltcr of orgnnistn* plnjing an important 
part m the nitrogen nictal>ul(<m of the soil 


THr. A/OTltMhO on MThOOF^i riMh’G llACTEUIA 

i'li lartrr 

Relatircfj' larpe rwN, or eren coeci, soRielime* almost jmst fAo in appeamnee, 
Orpcnjrnl pnmanli for growth energy u|¥>n the otiilation of rarbo)i>{liutr8 
AIntilo or non motile, motile forma poaaeM s tuft of polar Hagilta Ohligate 
■erolie*, uauall) pvwlnglns filmupon tbcaurfaceof the culture medium Capable 
of fixing atmoaphertc nittogm when grown In solution* containing cArlwIiMlnte* 
and deficient in combined nitrogen 

Tjtic apeelea Amfotnefrr rAmrMomoi, Beitennck. 


laobfotl hy /{cijcnncl in 1001 
fallcil from the litown pigment to 
which It gnea n«*, and /Is a^ilu 
The former it widespread in ganlen 
earth and in fruitful sod of all 
Jkjndr, the Jailer was found in 
canal water m Holland Since 
then four other species haae been 
described — Az ntielanJii, As tnjf 
nneia, As tfood/foimi, and As 
tiSreus, all of them inhabit the 
eod 

All species of Asotolxie/^ arc 
highly picomoqihic , the cells may 
he short, thick nnd rod like, cllip 
soidal, pyriform, or spindle-shaped , 
when occurnng in pairs they often 
look hlro giant diplococci Their 
sue \ancs from 4-7 /i m length 



and 15-4 fi in breadth Giant grom an agar culture, 3 day* 30®C (x 1000) 
involution forms, looking like 

amabm or yeasts, arc not uncommon TJiey are motile by one or more polar, 
or rcntridialc (Hof.r 19H) noRoll. on.! to Oram i.ee"»ve 

TLo ci^mim .a ■tnetly ottoblc It gtowa boat m tap rratei cont.iraog 2 pet 
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cent mannitol and 0-02 per cent E^HFO^ If tBe medium is spread onfc m a 
thin layer in a iride-botlomed flash, Atotobaeter cXroococcum forms & surface pelbcle 
in 2 or 3 days, which gradually becomes brown, and may later eren tom blacL 
Potassium, calcmrn, or sodium propionate m 0-5 per cent solution may be sub. 
etitoted for the mannitol 

Of soLd media one of the best has the following composition 


Mannitol 

2 

K,HPO, 

002 

Washed Agat 

2 

Aq Dist 

100 


Azotobactcr grows best in eolations contaimng bttle or no combmed mtrogen , 
according to BeijenncL (1901) ammonitun salts are not easily assimilated and 
peptone can be used only to a slight extent 

The pccnliar property of this group of organisms is to fix atmospheric nitrogen 
and to convert it mto ammonia, mtntes and nitrates (Beijennch and ran Delden 
1902) To do this they must be supplied with a source of energy in the form of 
a suitable carbohydrate, such as mannitol The energy gamed from the oxidation 
of this substance is utilized in the fixation of mtrogen. Gainey (1918) found 
that in a synthetic mannitol medium inoculated with soil, about 8 mgm. of mtrogen 
were fixed for 50 ml of medium. Xot all strums ni Azalt^eter are capable of 
ntibuDgmanrutol (Smith 1930} Azotobacttt u more susceptible to and tbaomorf 
soil organinns Its growth limits ace abont pH 6 3-8 6 in pure culture (Fred and 
Davenport 1918) but m soil it is probable t^t growth can occur down to about 
pH 6-0 Figment formation u variable to .-Ir c^roocoerum , *ome varunts form a 
brown p^ment, others are achtomogemc , intermediate forms occur (Omelianshr 
and Ssewerowa 1911) Pigment is formed only in the presence of a free nqiplr 
of oxygen We give a de«cnption of the type species Az efroonccum followed 
by notes on the lesser known speacs 

Azotobseter chroococcum 
Isdaixon — By Beijenoek m 1901 
SaliPit — SoiL 

ilorjiKcilogy — Short thick roda with nmnded rods , large oroid forma , forms like giant 
diplococci , pear-shaped rods, and other forma 4-5 X 1 ft. Slowly motQe 
by polar flagella. Arranged ein^y, in pairs end-to-end, and in old cnltures in 
packeta Cells often racuolated , when grown cm mamutoh cells mav contain fst 
droplets. In surface tnembraiMa on bipud media ceUa are emrounded by a thick 
mucoid capsule. large inrolntioo forms not uncommon. Non-sponog Grso- 
negatiTC. ^on acid fast. 

Afar Plate.— 5 days at 30° C Bound oofc>nie< 1 mm. m diameter, eonrex, with smooth, 
moist glistening surface edgeentire struetureamorphous , consi^tencvbotyrous 
easily emulsiflable , often diSerentiated mlo an opaque brown centre and a traos- 
lucent lighter periphery After 6 days the colonies measure up to 3 nun. m diame- 
ter , some remain homogeneous undiflerentiated and opaque , others show an 
opaque brownish centre and a clear slightly radiate penpherv 
Afar Slope. — 2 days at 30” C Moderate confluent or partly confluent shghtlv raised, 
tranabiteiit greyirfi-yellow growth with glistening beaten-copper surface, edge 
formed of single colomes. 

Oelattn Stab 6 days at 20” C Poor to moderate, greyish white, filiform growth, con* 

aisting chiefly of discrete colonies, extends f way down tube, surface growth, 
3-4 min m diameter with a lobate edge and irregular sur&ce. hquefactioa. 
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Broth — 2 days at 30“ C Moderate growth, with moderate finely granular turbidity, 
and slight, finely granular sediment, not disintegrating on shakmg After 6 days, 
surface nng growth. 

Loeflltr's Blood Serum days at 30" <7 Moderate, confluent, creamy growth, with 
ahght yellowish colour , smooth, murot hie surface , no iKjuefaction 
Potato — 10 days at 30“ C Abundant, raised, opaque brown growth, with wimkled 
honeycombed surface During first few days, growth is yellowish, but later it 
becomes brown. Potato unchanged, 
ifesi^fance ■ — Killed by S5“ C. m 30 minutes 

M</a6olism —Aerobic. No growth anaerobically Opt temp 28 30“ C Limits of 
pH 6 5-8 6 in pure culture Pigment , grown in mannitol and other suitable 
media, a surface scum is formed, which becomes brown, and later black Pigment 
is insoluble in water, alcohol. CHO,. ether, (S, but sLghtly soluble in alkalies 
which destroy it 

Nutritional. Grows beat m 2-10 per cent manmtol solutions and in 0 5 per 
cent solutions of K, Ca, or Na propionate Growth on agar improved by 1 per 
cent manmtol 

Biochemical — Pura atmosphenc nitrogen, converting it into NH, nitnte and mtrate 
Capable of growing in media free from combined nitrogen but contaimng carbo 
hydrates Can utilize mtrates for its nitrogen supply , Nil, and peptone can be 
used only sbgbtly 

Utilizes deitrose, maltose, mannitol, lactose, deztnn, stanh, glycerol, alcohol 
propionate, acetate, butyrate, citrate, lactate, malate, and succinate , gives ofl 
CO, Indole— ILR — VP— Nitrates— JLB reduction — Catalase + 
NH, very ehght LhL partly decolorized and rendered clearer and more fluid 
PaOioffenuity —Nil 

Az aglUs IS a large, oval organism containing granules and vacuoles and provided 
with a bundle of polar flagella The other four species of Atotdbacler that have been 
described difier id mmor reepecta from the type species At ehroococcum. 

Numerous non sporing tod shaped organisms, capable of fixing nitrogen, bars been 
found in horse and cow dung by Fulmer and Fred (1917) The chief of these, which 
they call jB asophiU , is a rod shaped organism, 1 fi X 0 8 p, m otile and Gram positive 
It gives a bght orange, wrinkled growth on agar, a heavy membranous surface growth 
in broth, and a brownish growth on potato Gelatin is liquefied , nulJc is peptonized 
Nitrates are reduced to nitntes and to gaseous nitrogen Indole Stnct aerobe Grows 
well in mannitol solution in which it fixes nitrogeo in considerable quantities. 

RHIZOBIUM 

DEFinrnov — Kkizobium 

AfiwiTip, rods, motile when young Spcciahxed forms abundant and charao 
tenstic when grown under smtaWo conditioiis Obbgate aerobes ^ capable of 
fixing atmospheric nitrogen when grown in the presence of carbohydrates and in 
the absence of compounds of nitrogen. Produce nodules on the roots of leguminous 
plants 

Type species Rhitdbium iegumiJiwomin, Frank. 

The first member of this group was isolated by Beijennck in 1888, who named 
it Bacillus xadVMola He found this orgamsm in the toot nodules of legu 
nunous plants, and in numerous specimens of soil and water of different ongin , 
he noted its Unable morphology, be described its cultural and biochenuca] 
reactions , and he showed how the bacilli in Uie “ swarmer ” stage penetrated 

1 This is not absolutely certain we have ohserrad growth of one strain in broth, though 
not on agar, under strictly anaerobic conditions 
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iff) 

tie po'e-spaees in tie roots ef cerUm T! ongi $nsy«tiiig it cl 

capable of 6iing attaosphenc nitrogen, Le was cnaye to demonstrate tis ttr^ 
cicarelj Numerous «ttain« of Pktsotnum hare sutce been de«cnbed. In* is u 
IS doubtful Ttbether tier arc «eiarate spece®, we shall confine ourselves to a 
descnption of legvmifiOiOTum 

la pure cn]‘Tires on ratncat agar this OTgamsia occurs in the form of rod. 
1 5-3 /i X Oo but br ra^rrag the cocstiteents of tie nsediam i tan be cad* 
to pass throusb a crel* of change® descriljod br Eewler and Ho*chin*on (1*^1 
asfoDowa (1) Pre-swarmer stage, non motile ^Vhen a pn*B culture is mocclited 
mto ft neutral soD solution, tie or-’anisins fts^naae fi.® foTn in -I to 5 diTs. 
Danxfer about 0-1 ft (2) rre-^warmer stft"* , larger, con motSe, cocci, OS ft 
a diameter Appear in mancitol aca® |3) Swamjer sta<^ , rcjy actiTelr mo'ile. 
Cells are ellipsoxlal , 09 ft X 0-lS ft (Beij^ncch) Tier a*® s> '•call as to b» 


4 





t 

FlC 9 ” — rfl-»^i»f€«rr«i. 

I Piw^irowr fir®! rtaje. 2. r»^w»rjDer wf3s4 fti-* 3. 4 i! -tCe rwL 

Woc^ilni n^ls. 

(After BewIpT aad BcUirutKi.) 

able to pass tirougi a Ciaml’criand filter Appear la carloipdmte mcd.'a. (t) 
Pod «tftge EotPe AppeaiftCce favoured br caiboirdis es , as long a. these 
are abundant, t'-e organ^in retuams m tits ^tage. I>a 2 ens.ons 3-4 pi X 3 /x, (5^ 
Stanc of high raeuolation. IP a cectial «o3 extract, o* in ft inediEn i- »Lci 
tie carboirdiate bas been eibaus**d, tie ©'gan-ms bccon^ Lgtlr racco.ated 
tie chromatin dmdes into a ncmlar of lands. La ex these lands l«om» round'd 
oS and escape from tie rod *9 tie cwcoid p-e-swann'm (F%. 9.) Tie ferma 
tion of tie piO'^warmera mar also be r'duced br the addit on of cak'um and 
ma^eacra carbonate to tie tpedium, or br tacuhstu:?: tie culture acsero^ esJlr 
As Lewu (IPS*) pcants out, tier* is no reason to r^ard thj «TKce3aon of ino*^'’0- 
looicaJ as essechsHy di5erunt from tha* eeen in o‘her groups o' hac*^*, 

o- as indicating the occmrence of ft «peciali»d foTS of reproduction , tie TacaoU^ed 
®tate appears to depend on ti^ pre®«ice o' fat globaka. 

Cilaum phor'iate causes ft charge from p-e-^wanam to rods. Acid 
favour the pmductioa of iighJr racadated celL, and ei-entuallr KII tie c-ganums. 
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Slightly alkaline soils support vigorous growth without altering the morphology 
Relatively high temperatures, 30-37“ C , prevent or postpone the change into the 
pre swarming stage 

Inside the root nodules the organisms assume curious Y shaped, pyriform, and 
racket-like forms, known as hacteroids Filaments may bkewise be formed In 
culture the bacteroids develop into rods (Fremlm 1898) 

The properties of Rh%z legum\nosaTum vary in accordance with the species of 
plant from which they are derived and Davenport (1918) who studied 

21 strains from different Legum%rm<B, found a variation m their resistance to 
acids Thus the strains from alfalfa and sweet clover had a ImiitmgpHfor growth 
of 4 9 , for the garden pea and vetch of 4 7 , for red clover and common beans 
of 4 2 , for soya beans and velvet beans of 3 3 , and for lupins of 3 15 All strains 
had much the same resistance to alkali Incidentally their alkab tolerance was 
much greater than their acid irderance. 

Whether the strains from different plants should be regarded as varieties of 
one species is doubtful Elimmet and KrUger (1914), who examined a number 
of strains from eighteen different species of LegumxnoscB by means of the agglu 
tination, compJemenfr-fiiation, and precipitation teats, were able to classify them 
into 9 different groups Boahnell and Satlea (1939) likewise found a large number 
of serological types In their expeneuce little relationship was noted between 
the ability of strains from different plants to cross agglutinate and to cross infect 
(see also Fietnlin 1898, Kleczkowskt and Thornton 1944) 

Shts UgurMMsamnx is an obbgate aerobe, capable of ffxing atmospheric 
nitrogen when grown in a medium free from combined nitrogen, but containing 
a fermentable carbohydrate Such a medium is composed of 


Mannitol 

100 

KjHPO, 

02 

NaCl 

02 

MgSO, 7H,0 

02 

CaSO* 2H,0 

01 

DistiUed Water 

1000 


Inoculated into the root of a leguminous plant it gives rise to a nodule, from 
which it can be recovered in pure culture Each variety is apparently speciabzed 
to attack its own or closely related species of plants , thus a strain isolated from 
a nodule on a pea (Pisum sativum) will produce nodules also on iicja, Latliytus 
and Lens, but not on other legumes (RosscU 1923) 

We append a detailed description of Rhtt leguminosaTum 


a motile 


Rhizobium JeguBuatwarnm Frank 
Synonyms —BaciUus radicxaila , Ps nodule orgamam. 

Isolalion—’Bj Beijerinok in 1888 from root nodules of legununons plants. 

Ecology — Soil , found also in water 

J/orpMojy— Has a life-oycle with gross Changes M m^holo^ ® ^o'o v o.o 

coTLd form. , .m.!!, taghlj- mobfc «ll.|»o.d.l lorm » 9 „ X M 

, 1 , motiletod..2-3^X05,i,laree“TOonol.trf rod .»d Y tomi In root 
!;odnle,.how.£l.m.otou.!or».,u.dYf<™sII«cte»,d.) Smm.r lo,™ mold. 

b3.«nefetoe,polota.sdl«“ 

.pjnoB, m.ybToopml.lrfl^s.W™') 0»m o.^Uo.. Non-o.d tot. 
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Af3T Pus> — 2 dayt el 25® C Boosd. 1 cun. u» d.arirt« knr cesTei, 

tmnspaient ookmied with smooth, ^gt«gn.T etal l>!» « , ftns?‘Tre 

•moiphota, consiftfiney bntTroos, «nslr eranlsSabk. D:5fr«lated e 
emooti, raised, darker cecire »&J n thm, e5tae, ra(Lat« p— 'wss str a.rx 
an said to form tsncoid oclosies. consist gsg of bacill] embedded in a 
cutenal which appeals to cemsst of a caihohrdrate isstenal, yt ATog ca 

iO Teisio a (Knmar 1921). 

^psT Slop* — 2 days ol 25* C Ifoderate paiUr eoaSiSTOl sL^itlj ra-ied, gr^Tuh-vtsisw 
trasslseent growth, with (diftenzag beaten-oopper ssi&ce, •rA £se}r lolate ed;* 
Gdahn SlAi — 5 days at 20® C Uodoate Ehfona powth extezidisg to lo*..<!a ef tobe, 
slight snrfsee growth 1 Bza. IS d.aBeter, ooliqnefictjcHieareptiarsyoldecItme*, 
BrrtA. — 2 days at 25* C Poor growth with ah^t Inrlad-tr, »«'xt sJiil p j irde* s d^issr* 
dismtesratisg os utiaVinp 5 day* , moderate tuib iiStT, nl.r^t sarface ncx growth, 
and sacderate nseoos deposit gisicg nse on to deeae luzladhy 

Lfitfjtr » BUxd 5ewJ*. — 6 dav* ei 25“ C Aboadast. mcetlT eccSoect, rats*^ ^nome- 
reBow growth, sUghlJr bcred with j*nk , smooth ghf*easi:i5 soriaoe Medina es. 
coloitred , oo d.gestKn. 

Potato . — 6 days at SS^C Poor e^ose, ccedeest whnaih-pest grow*h, w^ smscth. 

laoift gLstsusg mrfaee . med.aa sot coloorod, or eolasrtd shzhlfy gr-r 
PtnOaaet , — Killed at 60* C. ta I boor Eesista dmag aid ffoztsg. 
ilttahclte . — Aerabic. \o growth aca*fobeaOy eo arar bet mode ra te growth m broth 
OpL temp. 25® C Rgmeot Tdlowuh-paik. tart muked. ea eetais ccedA cslr 
BtorAmteaL — Vo acid or gu u glseose, mahcee, maamtol, lactcee naoee cr stHcrr. 
Indole**-' MR— r.P — 'Htrwte reds^wa— CalaUee-r lLE.r*das» 
tioa — VE| -j- HfS ahght -j- T-M aeid and clot is 21 diys. Cepalle ef 
fixing ataofphene c-tiogsi in the p - e seece of carbohniratee aad m the aleesee 
of caia b taed sitrogeo. 

Anltyente ^.radtrr — Cha be dinded hr a g-t mn attcei mto raseroczf d_r«iea* gnnu. 
PeSSo^ietty —Nil to mas ce »wes«t» ^odores ixd ' ai a npos the roots of the £epa* 
mtnofoe. 


MTBOSOiIO\AS 

Drrismow — k itro^Tmeiiat 

CeQs rod-shaped or sphmeal, icotfle or aoo-motil- , motile ioras peeress p^a. 
fiareSa. Capable of sec ni ing growth epe i br the oxsdatKC ef amiaegaa to 
zutntes. Growth os media coctainmg organic sobstasces is »rantT <n alee- 

Tepe ipeow VaSrowTracwos rarvpm, WinogiadskT 

Winogradifcy (ISSOo b c) finding that citoficatiQii d.d cot ocenr m* laedinm 
containing organic tnatter, seeded with s<nl prepared th» fonowmg solstrca 

\nmsonjTim fdphate 
Potassinm phosphate 
?cr» water 

To each 100 mJ was add'd 0-5-I-0 gn. of base msgeeaem carl^’nate , when 
fbw Tn^drorn was inocnlated with kkI, mtsficatioa occurred S3*i£f3c*<nilr, t_' 
ainrion.a being endued to nitn*e. Rtb diSerecttTpes o* o-gan.ssswerefonnd 
one of them, which grew arosnd the partsdes carbonate at the loNom cf 
the failed to grow in gelatm era tiansplantatioa, bn* conid be cslurated 
in a purely mo'gamc medicm. This organisn was oVamed m pare ccltEre, 
and WM fonnd to be responsible lot nitisficatioa. llpridogscally it «ms^ 
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of ellipsoidal cells, mfcrmediato between cocci and bacilli , its dimensions are 
11-18/1x09-10/1 It IS motile by a single long flagellum It is arranged 
singly, or aggregated into a zoogliral mass bj some slightly viscous substance , 
chains even of 3 or 4 memhera are rare 

Wmogrodsly found that this organism could grow in a medium devoid of all 
traces of organic matter It must therefore obtain its carbon from the magnesium 
carbonate added to the medium , that is to say, it can assimilate the carbon of 
carbomc acid. It obtains its mtre^en from the ammonium sulphate, and ozi 
dires It to mtnte From purely inorganic substances it can therefore synthesize 
organic matter— a process rarely accomplished independently of chlorophyll and 
sunlight 

Kxpcrimcnts showed that the amount of amtnonta oxidized and the amount 
of carbon assimilated ran slnctly parallel For every 96 mgm of nitrous acid 
formed it assimilated only 1 mgm of carbon This disproportion between the 
rapid oxidizing and the slow assimilating action of the organism explains why its 
growth IS 80 slow 

ITinogradsky and Omcliaosky (1899) showed that A'lfroronionaj europaa was 
very snsceptihle to the presence in the medium of organic nitrogenous substances 
such as peptone or asparagin In fact the more nutritious a medium was for 
ordinary bactena, the less suitable was it lot the nitrite organism It is possible 
however, for it to grow id the presence of o^anie matter (Boullaugcr end Massol 
1901, Frcmlm 1911, Donazzi 1919), but m artificial culture the results are not 
satisfactory On the ordinary laboratory media, for example, growth is scanty 
or entirely absent In the soil it is probable that its susceptibility to the presence 
of organic matter is le«s 

For the study of single colonies the best medium is a silicic acid gel poured 
into plates (WinogradsVy 1891) After 9 or 4 weeks’ incubation small, compact, 
sharply-deflncd colonies appear, of a brownish colour Growth can be hastened 
by pounng a solution of ammonia over the plate 

A'ttrosomonas turoprra is most active at a temperature of 25-30* C , in a well 
aerated medium contained m large flat bottomed flasks, which are slowly agitated 
The presence of scoria (cellular lava) m the medium is beneficial, apparently by 
increasing the surface exposed to the air fDouUangei and Massol 1903) Under 
such conditions m an inorganic solution it may oxidize as much as 169 mgm of 
ammonia nitrogen to nitrite per litre of medium in 14 days (Bonazzi 1919) The 
accumulation of mtnte anests the reaction Tbo type species is known as Nxiroso- 
monas europaa, \\ mogradsky Another similar organism, but of sphencal shape, 
is called TfUrotococcus atiierteanus , it is found in the New 'World 

X}(ro!onu»tas is not by any mesas tiie «wJy wgsm’m rapaUe forming mtnte 
from ammonia Cutler and Mukeiji (1931) uwJated a number of orgamsma from 
sod that were able to perform this oxidation though not so actively as Kilrosomonas 
A full descnption of these organisms has not yet been published, but most of them 
were Gram positive, non sponng, non motile tods, 14-19/1 long and 0 79-085// 
broad, which grew on ordinary agar, which oxiducd lanous ammonium salts to 
mtnte both in culture medium and in bojI, which were unable to oxidize mtato 
to nitrate, and which foiled to growin the absence of oxygen Some stsomshqoeSed 
gelatin and some did not Nitrite formation was stimulated by the presence of 0-1 
per cent sucrose, but no growth occurred m pure sugar solutions Unlike 
lomonas. which requires a distinctly alkalme medium, these orgamsms ab’e 
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tofoim njtntc withifla range of pH 4 8— 7 3 Stoulat organisms l)a%e been described 
by Cutler and Grump (1933) wbo found that no fewer than lOi out of 229 strains 
of bacteria isolated from beet fogar effluent were able to produce nitnte from 
ammonium salts Fremlm (1903 1914 1929-30) has worked for a long time on 
a Tety active nitroso-bactenum that grows in association with other organisms 
S Hlnogradsby and H l\Tnogra4«ky (1933) have desenbed two further genera of 
nitrifying organisms — Ai/rosoe^stia and Ai/nj<«wpifo Their article ihould be con 
suited not only for an account of tbeae organisms but aI<o for much useful informa 
tion on mtnfving bacteria in generaL 


MTROBACTER 

DEromo** — A tfnbecler 

Cells rod-ebaped, non motile not growing rradily on oigsnte media or ui tbs 
presence of ammonia. Cells capable of aecunng growth energy by the ozidatioa 
of nitnlcs to nitrates. 

Type epeciM A ttrobader tctHoffraitlyt 

Ailroboefer uiru^odsl'yi was uotated Winogradskv in 1891-— the year after 
hia discovery of hUTOitmona$ europaa 

It u & emaU rod shaped or pynfonn organism sometimes with one end drawn 
out or tecuived Site 0-5 ^ X O25-0'3 fi Kon motile Arranged in mere et 
less dense masses 

^mogradsky (1896) cnltivated it in a medium of the following compoetton 


hiNO, 

l-O cm 

Fot phosphate 

0-5 , 

ilgSO* 

0-3 , 

Na,C0i (anhydrous) 

0-5 

NaGO. 

0-5 , 

Be-distiUed water 

lOOO . 


The medium is placed m a shallow layer in wide-bottomed flasks. Growth 
occurs in the form of a just perceptible gelatinous film at the bottom of the flask , 
no turbidity appears The nrtnte is oxidized to mtrate Aoorgamcnitrogennor 
carbon is required Indeed the prc^ce of organic matter hinders its develop- 
ment, though not so markedly as that ol the aitnte organism. On a washed 
agar medium made up with sodium oitnte, sodium carbonate, and potassuun 
phosphate lOmebanaky 1899) single colomes are formed light brown in colour 
and of irregular shape Similar culonies, but smaller and more compact appear 
on silicic acid gel plates ^o growth occoza m broth 

In artificial cultuie the mtzate bacillns » very susceptible to the presence of 
ammonia , in soil it is leaa so The accumulation of nitrate to the extent of 
25 gra per litre arrests the reaction (BouUanget and ilassol 1903) 

As well as the genera that we have described, there are numerous other 
organisms playing an important part in aoU metabolism. We shall confine onr- 
eelves here to giving a definition of the genera Bydro^enomemas, ilethanomoruxs, 
CarhoxydomoTuis, and Aceiobader 
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DcnHinoN —U^ogmomonas 

Monotrichfttc short rod. cnpftUo of growing in the absence of organ c matter 
and securing growth energy the ox dat on of hjdrogen (forming water) Kaserer 
(1906) who first described the organ sm rtatea that h s spec es w U also grow well 
on a Tanety of organ o subatancca 

Tjtw spec ea is Uydroginomnnaa jwnfof/npAa Niklowski (1908) described two 
add 1 onal species //yd fit ra and Itjd fia « 

Dirismo’« — iltihancmonat 

ilonotnchato short rods capable of growing in the absence of orgamc matter 
and sccanng growth energy by the ox dat on of methane (forming carbon dioi de 
and water) 

Typo spec ea is Mtlhanomonat mtthan ea (S6hngen 1906) 

Drnvrrio'f •^erborydommai 

Rod-shaped cells capahlo of secur ng growth energy bj the ox dat on of car 
bon tnonoi de (foriiung carbon d ox de) 

T1 0 type spec ea Carboryiomonas ol goeariopl tla (Be jennek and ran Delden 
I'XIS) is dMcnbed as non mot le 
Dxrrtmoa — Aetlobacitr 

Cells rod-shaped (re<iuen(i} in cha ns non motile Cells grow usually on the 
surface of alooholio solut ons as obi gate aerobes secur ng growth energy by the 
ox dat on of alcohol to acet o ac d. Also capable of ut I x ng eerta n other car 
bonaeeoua compounds as sugar and acet e ac d Elongated filamentous club 
shaped swollen and oien branehed cells may occur as involuton forms 

Type speces is AetioU((er aetl (Thomson 185'’) 
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Rod-shaped oi^zusms, ofoallf motik bv meaju o( polar fiagella. Geseta!!; 
Gram negative \on-*panng Aerobic , some species are facultative anaerobes. 
FreqnentJy prodnce a frater-aolnble pigment, which la velfaw green, bine, purple, 
OS brown to colour, and which difinsca tbmngb the nedram. Some species form 
» Don-diSosihle yellow pigment, and some species are photogem& Fementation 
of carbohydrates as a rale not active. Fre<]uently gelatin-hqneficrs, and active 
ammotuSen. Common in sod and water Many v^ow species are plant parastea. 

Tvpeepeaea /'seudnmonaa pyocjfanen. (On gronnds of pnoRty the Amencas 
Oorasuttee recommend that this ergaaiam should be called Pt aorgiaMi.) 


P« pyocyanco was fir^t i«otate4 bv Otssaid in 16S2 Imin * blue pns.’ Fi 
ftiorofens was de^bed origmaUy br FIQc^ (1896) under the naiae o( Bm^us 
fivoftKtni h^tf-iexeM This organism appears to be closelr related to Pt 
pywyanta the possible differences between them wiO be discussed later 

Morphology —Tie ©rgamsms of 


/ ^ /V 
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this irronp are rod shaped and 
rather slender Them length is 
«nb]ect to considerable variation , 
even in a single stmn some 
organisms mavbeveryshoit, while 
others are long or actuallv fila 
mentons The 'ides are parallel 
and the ends rounded They are 
arranged singly, in small bnndles, 
or in short chains They are 
motile by one or mote polar flag 
ella , ther are non sponng , they 
'tern readily with the ordinary 
anilme dyes and are o«nal5vGr3m 
negative They ate non-acid fast 
Cnitnral Appearances — Growth 
occurs readilv on the nrual media 
Manv 'pecies form a water-'olnble 
pigment which diffuses throaeh 
themcdinm. OnpotatoPs pyocyancoaadPs /wore^censgiveapiamented gto'rtii 
which frequently assume' a cafe-ao laitcoloor, notunlile that given bv organisms 
of the BrueeVa and Pfeiferella groups, and P ehejera 


J- 
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Fig 0$~Peeti<}onona4jiuDrttfr%» 

From an agar coltnre ®-l honrs, 37 * C. (x 1000 ) 
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Resistance None of the members of the group forms spores and none is 
particularly resistant to heat or chemical disinfectants They all succumb on 
exposure m a water bath to a temperature of 
55* C in 1 hour The greenish yellow floorescent 
bacilli— Jluorescens and /*» pyocyanea—&te 
said to bo more resistant than other \egetative 
organisms to ultra nolct light (Durge and Neill 
1915) It IS suggested that they are able to con ^9*^1 

vert tic short insvc lengths into longer waves C 

and hence dispose of the energy of the absorbed 
waves which would otherwise be spent m coagu 
Uting them (see Chapter 5} 

hletabolic and Biochemical Characters —Many 
of the organisms arc obligatory aerobes others 

may give a very slight growth under anaerobic ^-^tjoeja « 

conditions Growth of /’< pyoeyonro Iti broth w colony on agar hours 

uceompmietl ly a fill m oxidation rciluction C (x8) 

potential which reaches a limiting value of between Eh - 0 100 and 0 200 volt 
The pigment p)oejanm coasfituies a reversible oxidition reduction system and 



acts as a respiratory catal)8t but according to Heed and 
Ho)il (1933) the changes of potential m cultnre ore net 
dependent on the presence of this substance The limiting 
temperatures for growth arc about 0® C and 42* C Gener 
ally spcaVmg Pt pyocyonro grows between 5® C and 42® C 
and has an optimum about 37* C whereas Ps fiu9re$cena 
grows I etween 0* C and 37® C and has an optimum 
abont 2o*C The fermentative power is usually weak 
acid butnoga-s iv formed by some species m certain sugars 
According to 3toltke (1927) 4 strains of Pr pyocyanea which 
1 e examined failed to ferment any of the usual sugars In 
our experience acid is pencroWy formed from glucose but 
from no other sugar This is confirmed by Sandiford (1937) 
wl 0 examined 50 strains and found that glucose was the 
only sugar fermenter! The fotiaatitm of mdole has been 
recorded by various observers but as Sandiford points out 
a fal^ reaction may result from the action of the acid m 
BChnic a reagent on thepigment produced by the organisms 
If the oxalic acid meth<^ is used for testmg no mdole 
formation can le demonstrated Practically all strains 
Injuefy gelatin and peptonize milk. The usual nitrate 
reduction test at 5 days u negative with most strums but 
this is often because the nitnte itself is reduced resulting 


T,a lOO-toitoOTo- ■” •>“’ »r e™>0» mbogett ot one of Itt com 

fiaortstc’i^ pounds If the test is earned out after one day nitrites 

Ag#r glop© culture 4S can be demonstrated (Ferramola and Slonteverde 1939) 
hours 2'’“ C strains are said by Ferramola and Monteverde to utilise 

citrate as the sole source of carbon lrattobemcapableofproduciDgH,S Ammonia 

is produced by all strains (Seleen and Stark 1943) 

Pathogenicity —With the exception of Pf pyocyonro, members of the group 
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are non pathogenic to man P$ pt/octfanea itself gives nsc occasionallj to suppura 
tire processes and less often to geaecakzed infection Among the commonest 
manifestations are middle eat euppisiatiOQ in childien, destructive lesions of the 
shn sometimes described as ecthyma gangrenosum, in children and adults, and 
necrotic and ulcerative lesions of the alimentary mucosa The respiratory tract, 
the eye, the joints and the kidneys are sometimes affected TVonnds are often 
infected There is also reason to believe that the organism plays a part m some 
cases of infantile diarrhoea Infection may be primary or secondary, and is often 
acute and rapidly fatal (For review of huraati infections see Waite 1908, Fraenkel 
1917, and Lode 1929 ) 

Ammals are rarely infected unless given large doses intra%enously, when they 
may die of intoxication. Pa pijocifanea however often produces fever and a Iocs! 
abscess after subcutaneous mjection into rabbits , and, if highly virulent, it may 
prove fatal in 24 hours 

Group formmg Sluish-gieen Figment — Pa pyocyanea, first isolated in pure 
culture by Gessaid (1882), is widely distributed in nature, bemg found w water, 
sewage and sometimes on the normal skin, particularly of the axilla and 
perineum (Rilzicka 1893) It is not infrequently found in wounds where it 
gives nse to blue pus It may invade the nasal fosss, the middle ear, the 
memnges, the bronchi and other organs arid set np suppuration In infants 
and young children it causes intestinal disturbances and diarrhcea , sometimes 
it enters the blood stream, and gives nse to a general infection (Williams and 
Cameron 1696) According to Pons (1927), Pt pyocyanta is especially pathogenic 
in the tropics where it is not infrequently responsible for typhoid like infections 
and abscess of the Uvet 

Injected subcutaneously or intrarenously loto guinea pigs or rabbits in a dose 
of 0 6-1 0 ml of a 24 hours’ broth culture it may cause death lO 24 to 48 hours , 
post mortem there is a hsmorihagio oedema at the site of injection (after sab 
cutaneous inoculation), small punctate hiemorthages are seen in the stomach and 
intestine, and sometimes neplmtis The bacilli can be recovered from the blood, 
viscera, and urine As much the same appearances result from the injection of 
dead cultures it is probable that an endotoxin is responsible Different strains 
vary in virulence , some do not loll lor weeks others not at all 

Little is known of the arttiyenic alntcture of this organism Boivin and Jlearo- 
beanu (1937) using their trichloracetic acid techmque, isolated a glyco-hpoid 
complex or endotoinn contaimng a polysaccharide hapten By inoculation of 
rabbits -with the whole complex they oWined anhsein which precipitated the 
homologous endotoxm and the polysaccharide hapten, and which agglutinated 
the homologous bacteria The endotoxin, as a whole, killed mice, but the poly 
saccharide hapten was non tone on intrapentoneal inoculation, eien in doses 
of 5 mgm The authors conclude that the identity of the endotoxin with the 
somatic antigen of Pa pyocyanea is similar to that in members of the SalmoittUu 
group 

In culture Pa pyocyanea forms a bluish green pigment Gessard (1890, 1891, 
1892) found that this pigment consists of two different eubstances One, pyocyanin 
is bluish green, non fluorescent, is formed in peptone media and is soluble m both 
chloroform and water The other, fluorescin, is greenish yellow, fluorescent, is 
formed only in the presence of a phosphate, and is insoluble in chloroform, but 
soluble in water By cultivation m difiwent media be was able to obtain vaneties 
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that produced pyocyanin or Huorescin only, and some that were completely achromo 
genic Fordos {I860) obtained pyoc^uun m long blue crystals from a solution jd 
chloroform Wasserzug (1887) showed that its formation was prevented by sevetal 
substances, such as 5 pet cent KNO„ 8 per cent KClOj, 0 S per cent ammonmm 
tartrate, 5 per cent NaCl, and by many disinfectants not strong enough to inhibit 
the growth of the oigamsm Jordan (1899) studied 7 strams of P» fyocyanea , 
1 stram produced pyocyanin only, 5 both pyocyamn and fluorescm, and 1 fluor 
escin only He found that the flumrescent pigment required for its formation both 
phosphate and sulphate, while neither of these snbstances was necessary for the 
production of pyocyanin Both pigments are formed m smtable synthetic media 
In old cultures a black pigment sometimes appears , this appears to be an oxida 
tion product of pyocyanin A yeQowish brown pigment, which may also be found 
in cultures, appears to be an oxidation prodoct of the fluorescent substance 
Boland (1899), who worked with a solution of pyocyanin in chloroform, found 
that it became yellow if exposed to snnbght Apparently the chloroform was 
broken up, and cblorme set free, which ondixed the pyocyamn to pyoxanthose 
He show^ that pyocyamn was largely dissolved fay HCl, which turned it red, and 
pyoxanthose by 33 per cent H^SO,, which turned it reddish yellow Turfitt (1936) 
found that the production of both pigments was favoored by 1 per cent glycerol 
of pyocyamn by 6 per cent glycerol, and of fluorescm by asparagin 

Mote recently ^rede (1930) has determined the constitution of pyocyamn, end 
shown that it can be synthesixed by the organism from lactic acid and salts 
Cheimcally he regards it an entirely sew type of dye, containing two pentavalent 
nitrogen atoms, bat this reqoires confiimatioD (HZichaelis 1935) It affords, mote* 
over, the first instance in which phenanne derivatives have been found m nature 
Its empmcal formula is Ct«H,«N«Ot Wrede states that it dissolves poorly in cold, 
but readily m warm, water, as well as in cbloioform, nitrobenrol, pyridine, and 
phenol It is fairly resistant to acids and forms with them red-coloured salts 
To alkali, on the other hand, in the presence of oxygen, it is much less resistant 
and 13 rapidly broken down 

Torfilt (1937) obtained a preparation of fluoresnn by growth of Pseudomonas 
in synthetic liquid media and adsorption of the pigment on to “ suma-caib,” 
followed by electro-dialysis The final product, which bad an ash value of less 
than 0 4 per cent , was an amorphous greenish brown powder, readily soluble in 
water, phenol, and acetic acid, but not m other orgunio solvents A dilute aqueous 
alkaline solution showed a green fluorescence, becoming colourless and non fluores 
cent on acidification More concentrated alkaline solutions had a red colour and 
exhibited an intense green fluorescence In alkaline solution the pigment showed 
a wcD-defined absorption band with its mamnain at 410 fi , in aetd eolatioa 
the band was less evident and was nearer the shorter wave-lengths The empirical 


formula was found to be C 4 H,OiN 

Summanztw, we may say that Ps pyoeyanea forms two pigments (1) Pyo- 
cyamn a bluish cneen pigment, soluble in both chloroform and water, from which 
It can be obtained in long blue crystals For its production neither phosphste 
nor sulphate is required (2) Fluorescm , a greenish yellow fluorescent pigine:^ 
soluble m water but not in chloroform For its production both plosphzU snj 
sulphate ate required. In old cultures it may oxidized to a yellowish-^ 
pigment. Ps pyocyanea forms pyocyanm and fluorescm. Ps Jluoresctm 
onV fluorescm Both pigments are themselves oxidation products of colc=fes 
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substances. (For a careful studj of the factors controlling tie production of 
pjocTanm and other pigments, sec SoUitan 1905-CN3 ) 

From Hadley’s observations (1927) it appears (airly eertam that the power of forming 
pyocyamn is subject to discontinuous ranatioa Under artificial conditions of cultira* 
tioo, many strains of Pt pyoet^nea tend to lose their abiUtv to produce a bbusb green 
coloured growth on agar If such strains are inocobted into broth, and pbted out, it 
will be found that only a proportion of thecoloniea are coloured bluish green, theiemajiider 
have merely the yellowish colour due to the pr es ence of the fluorescent pgment. With 
many strains prolonged subcnltivation is foDou-ed by the complete disappearance of the 
bluish green ranants, and their rcpdacement by (he yellomsh vananta. Onoe a stram 
hw lost its power of producing pyoeyazun, it is onable to recover it According to Cata 
Lotti (1935), cultivation in broth containing 2 per cent dne oxide or 1 per cent, uac 
sulphate results after a few passages in soppiession of pigment formation Ibc organisms, 
however, do not undergo dissociation, and wben transferred bark to normal media again 
give rise to pigment 

Eiomench and Low (1899) and Etnmench, Low and Korschnn (1902) found 
that old cultures of Pi pt/oeyanra were highly bactericidal to many organisms. 
They ascribed this action to an engine *' pyocyanaso ” More recently Schocntal 
(1941) has brought evidence to show that the antibacterial and lytic action ts 
due not to enzymes but to pigments Of ihe<e, the most active js a y^ow pigment, 
C'ozypheaaaiie, which can be isolated tn cty<taUine form from old cultuies. It 
has an antibacterial action similar to that of the fiavines and u less tone to tissse 
cells than pyocyamn In a 1/20,000 concentration in scram broth it inhibits 
growth of Gram poatire cocci foe 24 boors, and in a 1/10,000 ccQcentrsbon organ* 
ums of the Aewsena, Corynehoctmum, Proteus, Bortmum, BtvetUi and Ctettrwfmm 
groups An oily substance, which ebe isolated from cultures of Pt pt/oeyanta 
2 to 3 months old, proved very active against T eJic^era, causing lysis in a 1/10,000 
dSotiorL 

An interesting feature of Ps pyocyaneo is its ability both in culture and in 
the ammal body to form hydrocyanic aad (Patty 1931) 

We append a detailed dc^cnptiOD of this organism 

Fseodomooas pTocynsea 

Synenyms — Bacltnum eeniytnwm (Sebroier) Migota. B pyocyaneus, Gessard. 

Baltta( — Inteatmal c&o&I, water, sewage, pus. smuaee. human , sometimes palbo- 
genic to mao. 

ilorpholayy — Rods, 1 5-3 O/i X 0 5/< , axis straight, ends rounded, sides parallel, arranged 
singly, or m pairs and short chains, motile bv 1-3 flagella at one pole Non 
^ToriDg DOQ.capsulated. Gram negstirc Non acid fast 
Agar Plate — 2 days at 25® C Bound colonies, 1 2 mm in diameter, low convex, with 
smooth, moist, glistening surface , edge entire or nadnlate , struetme smorphons ; 
butyrous consistcni^, easily emnlstfiable , fluorescent yellowish green colour, 
tra^ueent After 6 flaj-s it is differentiated into a smooth, convex, translucent 
centre and a radiallv striated. efftt«e, transparent periphery, with 'in uadnlste. 
lobate, or villoas edge dledium colonred greem 
Agar Slope, — 2 days <rt 25® G Good growth raised ehghtlv. with beaten-copper snrisee, 
irregular edge, and sometimes clear phage-liVe areas , greenish yeUow, translucent. 
3I«hnjn green, 5 days growth becomes eSuae and scarcely visible. 

Gelatin fftoi — Hoderato filiform growth to bottom of stab, alow cratenform liquefai^ 
tion. After 14 days the upper 1-3 cm. are digested in stratiform mannw, and 
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the flmd la tnrbid, yellowish green, And sometunea granular , there may be saccate 
liquefaction around the filiform growth sa well 
Brolh —2 days at 25® C Abundant growth, with dense turbidity . yellowish green colour , 
thick white tmg growth and thin aorface pellicle, sbght powdery sediment, dis' 
integrating on shaking Alter fi days there is an abundant, nsco-OoccvlsT deposit, 
only partly dismtegrating Mawkish odour, like trimethyl amine 
Blood Serum — 7 days at 25® C Good, ccmQoent. ehghtly raised growth, of greenish- 
yellow colour, medium is sbghUy green, medium is partly digested m U days 
Potato — 6 days at 25® C Abundant, shghtly raised, confluent, greenish brown growth 
with moist, gbstening contoured surface Potato coloured green Later, both 
the growth and the potato take on a brownish colour 
Besulance — Destroyed by 55® C m I hour 

J/efa6oltc — Aerobic , no growth anaerobically Opt temp 30-37® C , limits 6^2® C 
Forms a green pigment soluble m chloroform and m water, called pyocyamn, 
forms a greenish yellow flatffeseent pigment, soluble in water but not in chloro- 
form J«utntional grows well on ordinary media, m synthetic media both 
phosphate and sulphate are essential for pi^uction of fluorescent pigment 
Bwchtmieal, — Acid, no gas, in glucose Indolo — , a false Kiction may be giren by 
Bohme’s reagent, the acid of which turns pyocyamn red MR— V P — 
Nitrate reduction — HjS — NHj production -f Catalase + MB reduced 
Starch diastase — L M peptonization and dccolonzation complete in 6 days at 
30® 0 , may be slight prekmmary clot , tniHr often turned green Growth in 
citrate 

PatAogmteUy— Low patbogemcity to man ginng nee to diarrhcea and general infections 
in infante and to suppuration Cause of blue pus Gires rise to fever and 
local abscess after subcutaneous injection into rabbits 
Ps fluorescena — This organism is lonnd in water, hail (BeUi 1902), sewage, 
and has been isolated from lemonade (Thoni 1911) It is motile by one or more 
polar flagella Itlany authors consider it a vonety of Ps jiyocyanea, which has 
become adapted to a purely saprophytic existence (Tanner 1918, Bfiiicka 1898) 
The differential characters may be given as follows 

Ps pyoeyanea Ps fluoreseens 

(1) Opt temp 37® C , grows at 42® C Opt temp 25° C , no growth at 42® C 

(2) Pyocyamn and fluorescent pigment Fluorescent pigment only formed 

formed 

(3) Liquefaction in gelatin stratiform and Isquefaction m gelatin not always present 

saccate when present stratiform only 

(4) Pathogemo to rabbits and guinea pigs Non pathogemc to rabbite and guinea pigs 


These differences are by no means constant Further, since vaneties of Ps 
pyocyawa may occur that fail to produce pyocyamn, and since achromogenic 
varieties of both organisms are not uncommon, differentiation of the two orgamsms 


13 often impossible 

Jordan (1899) studied 58 strains of Ps fluoreseens from water He found that 
33 of them liquefied gelatin, and produced acid, clot, and peptomzation in milk , 
25 did not liquefy gelatm, and produced alkali m milk without coagulation The 
variations in reaction that may occur can be judged from the fact that Tanner 
divided 42 strains, which he studied, into no fewer than 27 different groups 

Ps fluoreseens is generally non pathogenic to aniraab, but it may give nse to 
a local absceaa lo rabbits and guinea pigs On tie other hand, it M stated to bo 
Ireouenllv pathogenic to plants, espeoisUj cnltinaled vegetables, such as carrots, 
caubllowcts and tomatoes, in trhich it ennsea areas oi moist necrcis (Gnifon 1900) 
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Fs cyanofeoa is a mot la bacillus possess ng polar Sagella. It forms tm pigments 
one fluorescent tbe other varying to colour from blue to brown or blachi. In milk witb 
an ac d react on it g ves r ae to a bngbt bine colour It is ibe cause of epdeuua of 
blue milk. 

PsenficuDOnfis demtnficans — This oiganism \ras onjinally described bj Chns 
tCDsen (1903-01) lander tbe same of Bo«Ht«denifri/icflnj/uore»etnj Two vaneties 
were tecogmied A and B vanety A was isolated from garden earth and was 
able to redace mtraMa to ga«eous nitrogen vanety B was isolated &oni horte 
dong and was able to reduce nitrites but not nitrates to goseons nitrogen. 

lariely ..j u a email bacillus 05 1 ^5 /< X 05-0*7 ft It is eurroanded by a large 
capsule, meaaunng 2-5 ft in diameter Appears to be aligblty notfle. Often sbcwi 
b polar staining. Is Gram negat ve. Grows ftcelv at 2o” C. CoIoa.es on agar are 2-3 
mm m diameter after 3 days, and are circular with an entire edge they bareanopales* 
cent sheen. In an agar stroke culture a whitish gbstenmg growth u formed and the agar 
8 coloured bnght green. In gelatin stab there is a filiform growth and a whitish surface 
growth with a lobate edge tbe gelatm is not bquefied In a gelatin stroke culture there 
la a dirty white layer of growth which flaoreacee bnUiantly m transmitted bght the 
gelat n is coloured bright-green. In broth there la a dense turb dity and a very thick 
wnnkled surface pellicle which climbs up the walls of the tab& In 0-2 per cent, nitrate 
broth a dense turb dity is produced sod a foam due to the libention of gaseous nitrogen, 
u seen reaching ts manmmn in 40 hours the nitrate is not completely destroyed, even 
in 3 weeks. 

rorwiy B IS a larger bactllos t-3 ft long by 0-5-1 25 ft broad, and >t aarroonded by 
a capsule hlotflity doubtfoL Gram negative. It u unable to redoce utretae to tutntes, 
but IS able to reduce tutr tea to gaseous nitron. Oolonies on agar are ** 5-3 5 mm. to 
diameter after 2 to 3 days and are flat whitish, and so fluid that ther may flow over 
the agar if the plate is stood on edge In agar stroke culture there is a thioniah SlifcmD 
grey growth, haring an eSose iridescent peripheral ertensioa after 19 days tbs agsr 
isshghtly coffee-coloured. In gelatm stroke c^tore there u a greyish or slightly brownish 
layer of growth, which fluoresces strongly in traosnutted light the gelatm is coloured 
brown In broth there u a dense turbdity and a thm iridescent aurfsce pelhcle. 

Pseudomonas carts — ^This name was suggested by *^berago (1937) for a cspsolsted 
organism that be isolated from tbe blood and viscero of young gomes pigs dying Com 
a rap d bactcranuc infection. Its general proper! es arc as foUowa Gram negsfjve rods, 
1-5 ft long by 0 5-0-75 ft broad occorruig singly and m pans end to^d. Aetivelv motile 
bv 1 to 3 polar flagella Encapsulated when isolated from the animal body Surface 
colonies on agar are 1-3 mm. in diameter convex, smooth, indescent and traosluasnt, 
with a finely grannlar structure In agar slope cultures the medium becomfs greenish 
yellow m a week, and later turns ptowmah yeDow Uhifonu turbiditv m broth with a 
fuifece ring and pellicle and a heavy gramiitr depos t, light veDow m colour Ihfimdi 
buliforra hque^ctioa of gelatin, complete in 2 days. Scanty glistening liaht yellowi-h 
orange growth on potato Aerobii^ fandtativdy anaerobic Grows weH at ani 

37“ C Acid in dextrose maltose manmtol, lactase sucrose and s al i c i n . Litmns milk 
acidified coagulated, and partly peptonized. Indole and ammonia formed but not 
HjS or catalase hitrates reduced to nitnlea 3LP V P — reduced. Repro- 

duces the natural disease when inoculated parenterally mto young guinea-pigs. Produces 
rap dly fatal sept csemia m mice inoculated mtrapentooeally Apjarentlv non patiogem* 
to mbb ta 
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CHAPTER 22 


VIBRIO AND SPIRILLUM 


VIBRIO 


Short cmred -rigid rods, arraoged stsglj or muted tato s forms or sjnnls 
Motile by e single polar fisgeliom tchicb is csusUy rfstiTslj shcst. (Sometpecir* 
may hsTe two or three polar flagella.) Aon sponng Lsually Gram oegshre. 
Aerobic and fscultatiTcIy anaerobic Many species Lqoefy gelatin and are aetire 
ammonifiera. Casimonly foond ta water Most spec cs are saprophrlie a few 
are pathogenic to man. 

I^Tie spec e*. Tibno ehoUrct 


Hie first member of this groop to be de<cnbed was I cholera which was fooad 
by Eoch (1886) m the dejecta of cholera patients In 18SS Gamaleia (ISoSa) 
isolated a ribno from the blood and mtestiaa! contents of chickens djmg from a 
cholera like disea«e at Odessa to this organism be gave the name of I fflefot 
nikon Donng the next 10 years a large ntunber of other \*ihnos more or less 
tesembluLg the cholera nbno were isolated from different soums each as well 
nrer and sea water the fz^res of man and animals chee«e and intestinal absces>es 
of pigs (Dunbar 1893 Smith ]89j Diendonne 1891 Eutscher l£9o Got'chlich 
l89o 1906 Rnfiei 1907 Crendiropoolo 1912 Cmtei 1913) The different ation 
of many of these organisms from V cholera proved impossible until the introdoe 
tion of the Pfeiffer test in 1891 (see Chapter G3) Even with the help of this 
test It was not always possible to decide whether they were different species or 
were merely vananta of the main speaes S nc* the cluef interest of the nbrios— 
at least to the medical bactenotc^t — has been their relationship to V dclera 
It follows that a careful systematic study of the saprophytic species has not yet 
been made For this reason it u premature to attempt a classification of the 
members of this group 

Morphology and Staming — The wibnos are short curved rods looking hie 
commas In size they vary conaideaUy fcomnbontltoS^inlengthindabontO-S 
to 0 6 ji in breadth the commas may appear long tbm and delicate or short, 
stnnted and thick Theyarearraugedsingly ms shapedoroccaaonaUy'emiarcnIsr 
pairs or m short chains In fimd media spirals are often formed and in old cnltmts 
a yanety of forms may be •»een jn<wt of these are very smaD looking like grannies 
and staining poorly bat there are larger swollen ahadow forms rcaembling 
bottles or clubs "When freshly isolated tbc resemblance to a comma is meet 
staking but after long subculture m the laboratory the vibrios frequently 
their curved shape and are then not unlike cohform bacilli. The o^msms are 
614 
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Fra 101 — J ibria eMerit 
From an agar cuUura S4 houn 37* C ( x lOOl ) 


ve^ actively motile by a single polar Oagellom They stain best aith dilute 
carbol fuchsia They are Gram native 

Growth Requirements —Growth occurs readily on the usual media One of 
the most characteristic properties is the rapidity of growth m peptone water ( 1 per 
cent peptone, 0 5 per cent NaCl) 

Multiphcation occurs chiefly at the 
surface, where, after 6 to 9 hours, 
a delicate membrane is formed 
There is very little turbidity as a 
rule the deposit that forms ap- 
pears to be derived from the 
surface pellicle 

The vibnos are markedly aero 
bic they grow best in the pre 
sence of abundant oxygen Under 
strictly anaerobic conditions some 
of the members fail to grow alto 
gether , the majority give nse to 
a very slight growth on agar or tn 
broth m about a week The optt 
mum temperature is 3CM0^ C , 
no growth occurs macroscopically 
under 16^ C 

For growth and survival a 
E ion concentration of pH ? &-6 0 is most suitable The organisms have a high 
alkali but a vucy low acid tolerance Cultures eontainiog a fermentable sugar 
ate sterile in a day or two (Nobechi 1925) 

A number of selective media have been devised for facilitating the isolation of 
y ehoUra from the forces 

Oi e of the l>c8t known of tl fsp— Die'udonn6 s 
medium (1009) — la prepared by ad ling nunnal KOH 
soluliOD lo an equal quantity of dcflbnnnted ov blood 
and heatuig to lOO” C for lialf an hour Thirty parts 
of this muture are added to 70 porta of nutri nt agar 
rendered neutral to litmus. According to \edder and 
ran J>aai (1932) the medium 9} ould lie alloned a dar 
or two to npen Durmg this time COj is taken 
Dp from the a r and Nlfi is given off The medium 
when ready for use should have a pH of 9 0-0 0 
At a lower pU cohform and other organums grow and 
the medium u no longer selective at a higher pH the 
growth of tbo cholera ril no itself ts inhibited Otto- 
lenghis medium (see Docchia 1911) consists of ox I ilc 
to which 3 per cent of a 10 per cent, solution of 
crystalliDO sodium carbonate has been added itcri 
lixation IS effected in the autoclave Bandia medium suitable for cultivation of tlio 
cbofcta -nbiio from wain » • pvptO". rovUmw dilvl. u,l,cbol-ra .ffila 

Uralmgrorom |h„ vine. muH.plj .od bollom m .top. to (H13f-33) 

r.»>ii.4nJ. . pl,™olpLlb.l™ .tol. m«l«n fo. lb. »l.l.on of th. toto v.bno. 

It dopendj on tho nnu.u.1 property ro»r«ol by thu oiyuium of ropidly f.rrorating 
starch In an alhahne solution (s«J Gordon IflOO) 
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CnJtaral CbsTsdets. — On as^r the coSomes are not dis*inctjTe, thev mar 
eJtiier cleat and amorptoTis ot fineW gtannlar Small VnoWA-^sccondaiyct^onis 
soaetiinea form in abont a vecL on tbe of the parent cq^oqt An eSiue, 

transparent penpieral extension is not nnnsnal. CrT«t^ mar fona in tL» anr 
Balteann (1926) ha* described three colonial ranasts in cnitnies of cholera and 
cholera4ile nbnos. Tanant (1) iraa nijorf , (2) had a rco-e opaqs* centre and 
a transparent penphery , and (S) •*ras opaqne Vananis 1 and 2 rereited to trpe 
when mbcnltnred on agar , tranant 3 rererted alowlr in broth bnt »«tna.ned con- 
stant for a long time on agar Tanant 3 consist'd cf 



non motile baolli irhich had a macoid eare’ops , li* 
organinas contained a heat-staVe antigen onlr and 
apparently of the pnie 0 fona («« aniiiremc strnctm*) 
Though the n^oa^ form has been ’e-raided br vjme »o’’tfra 
as an eitrem* rough form, tie ohserratioas o' Wii e 
(I*l3*‘ 19IOa)Ehow that It IS a peccLarranant charac‘e»i2«d 
by lie *<aetion of a diffcse intercellalar gelatinons «nb- 
Etance or of artnal caprales. It is nnstable and is cto 
•tantlr tending to lerert to th» S ct K fonn from «iyh 
it IS denred 

In gelatin stab taanr spec^ produce InjBefretwn. 
On potato some of the meabera— mcludm'' P 
— pre a raised gweth of cafe-au Isrt ecloar nsesllmz 
that of the Brucella group tnalln, and Vt 

pyoeyraca On MaeOoaiee t nediam growth is o*'en 
poor, r cloIrra> £oanshes veil oa it, bst the son-patho' 
genie members grow poodr The colon-es are eo^oadess 
when Totmg but «oo& aaroae a pudash red appearance 
the medium changes simulta&eoualr to a diihet red. He 
rate at which the colour alters depends on the errarja 
ob«erred, the colonies of P dolenz mar romam reHow 
for a wed, , those ol the Nasi nbno are bn^t red in 


Fic lOS^rSoo 

Gr!atii] stab nslltire 5 
dars, 22* C tiaaing 


3 days 

On LoefHTS «enja growth is plentifol, and is same- 
tunes accompani^ by slow bquefaction 


mfoDdibnlifMfflLqoe- Besirtance. — "None of the ribnos forms «pcrfs. Tieu 

Ucbco. resistance to best and disinfectants is low and tier are 


easOr destrored br dmng (roe Chapter 63) Ther are 
HTlad by heat at oo® C. in 13 imnates or less (Kita&ato IS^) and br O-o p® cent, 
phenol in a few minntes. Dned on corer slips they penJi in about 3 Bosm. 
Gastnc jmee containing moro than 25 degroes of aaditr (decrees eqmralro* to 
number of ml of >710 NaOH necessary to neutrahie ICO mb of gajtrv juar) is 
Slid to kiB cholera vibnos at once , in the absence of frro amd th» ribrKe ma^ 
eumre for over 24 hours fSapie” and Gupta 1942). 


Biochemical Characters. — ^Aod, without pis, is generaUr formed wthm a d»^ 
or two in ginccbc malttee mannitid and sucrose. Lactoro h sem^tenes ferocen ed 
after 10 or 14 dai^ and occasionallrsalian He Naait nbno ferments n’orose 
only— at least m bquid media Litmus mill, mar be unchanged moro of ea it 
is aadiSed and sometimes it is dotted, llanr «pecies form mdo’e, reda-e 
citrates to citatea, and gire the cholera red reactsoa. This reactioa B psifo=<^ 
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VJ* test (see p 35S) According to ran Eocieni (ISfc) ih- B Tor Tibno grres 
usuallv a positive V P reaction 

Bmndyun rcrmcuum — Hanv members of tt^ia g*onp form a b^molvsin ac**ng 
on «heep, hors«, or rabbit cellj Tbis can be demonstrated either oa pistes o* la 
a broth cnlt-ore In general the cholera tibno does not prodnce a solcVetKaolv 
an, while the El Tor and manj oaa-<hob‘ra vibnos are able to do *o Fo'" dissnostir 
purposes a standard techniqne l> e<;sentiaL Mnch confcnon bas in th» par* b«a 
doe to diCerenccs in metbod of stndnns fuemolms. SSnun^nnaan 19^^ 

workm" with 5 per cent defibnnated «heep Mood broth odtnres obtained conSiirtir-' 
reenlts bnt when he used a mediom made np with p'p^one, asparaain and 
ammomnm betate containing 4 per cent. «heep blood, and rend his resnl j afl^r 
4S honrs incabation at 37® C., a e’ear didere&tia*ton between th» non hsmoljrc 
cholera and the hsmolptie Ei Tor and non-cholera vihnos was apparent Tan 
Loghem «tat« that sheep goat s blood shosld be used , gnmea ptg and 

rabbit red cells are too sensitive He farther points ont that the cholera vibrio 
thongh not forming a trne solobte laemolvsm, does digcrt blood picmcnl , this 
pTopertT which has been shown bj Bernard, Gmllenn and Galht flSO”) to 
due to a ferment present m cnltrires bat not in the bodies of the cho’era vihrso, 
15 responsible for the greent-h diacolorabon around indrndnal colonies on Mod 
assr and for tie complete clanficatioo of tie rnediom that occurs oa fintie* 
ineabatiou. The El Tor vibno digits Mood lihewu'C, hut la addition j* prt d u'ea 
a soluble bamolrsia, the estraction of which has been rec o r d ed bj Bernard, Gsd 
lenn and Gallut (1939) The ob«ervat 2 oss of these werbers rtigiges*' that the 
cholera Tibao fonns a haemoljsn as well as a dirertinf ferment, but tha*' it is 
mainlv mtnceHular and, uahhe that of the El Te» vibno, doe* net dJTuse ^ 
to anv consdenble extent ato the medium. The id*ntitr of the*e twohsmoltsms 
15 •uggc'ted br the findag of Tasoliadis (1937) that th» ajectjoa of non lueiao'vtje 
cholera vibno* ato anauL gives nse to anti hsmeljmns for the El Tor tibao 
8* active as tho«e prepared by ajection of the EI Tor vibno itself. 

Boorenbos (1935) finds that hsmolvst, is verv much more achre a S-ho^ 
than in 24'hour eolturea. hfanr rtraas of true cho’era vibrios that were eon- 
hffmolvtic after 24 hours p'odaced hsmolvsis of sheep or goat cells afte- 8 hours. 
TVith *0 manr factors lafiuencag bfmoivsm p-oduction i* would ckai’y he 
dangerous to pbee too mnch weight on this cbaractenstic as a means o*^dife*entiat 
ing between the vibnoa. 

The common routine method ffr testing’ hsmolvtic actmtr js to grow the 
organirm in broth for 3 davs at 37® C., to add ] mL of the cnHure to 1 mL of a o 
per cent, suspension of washed goat or sheep red cells, to incubate for 2 hoars 
at 37® C , and to read the results after the tubes have been Irft in th* cold 
overnight 

Toxin Proflaetien. — \*»cati and Rietsch (lS>t) injected dogs latTavenoasIv with tie 
filtrate of a broti culture of r eAolerea week or la tbea first senastfeipai 

rnents there were vi> TT Uii n^ deifcabao, and peoeral depressicin. WT*di irouien la an bocr. 

In tieg aecood renes there were d v ^pai ta , T o a utin g and paresis of the eit2Kn:tjes,f<ilowv3 

by retoTHT or death in Ifi hours. At twetopey m the fits! eases. eechTraeses were CtsoJ 
in the duodenom and larger hsmoerhares m the rtomacii. IHtrates «3f young eolrures were 
mnocoons. 

Pfaffer (1892) likewise espenaseated with ffltratea. He fjuad that even 4 ml. ol » 
^0^1avs g h te i ue broth filtrate inserted mtaperUfflisallT into guinea bad ta 
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more than a slight toxic effect Dead Tibnoe however are very toxic Pfeiffer 
( 1892 1895) found that the lethal dose of living vibnoa on intrapentoneal injection into 
gnmea pigs was 1 6 mgm of an 18 hours' agar dope culture ^Vhen the vibrios were killed 
by chloroform or thymol the lethal dose wa# 3^ 5 mgm , whenthey were killed by drying 
itwBsCmgm , and when they were kiDed by beat at 65" C for an hour it was 10 20nigm 
While immune serum was able to protect a guinea pig agimst several fatal doses of living 
vibrios it possessed no more protective power than normal serum against dead vibrios 
From these experiments he concluded that m young cultnrrs of T cholera there was a 
specific toxjo substance bound to the bacterial bodies , and that the immune substances 
m the antiserum were not antitoxic but bactericidal in their action 

VonDungem ( 1893) workmg with one highly virulent strain of cholera and another of 
very low virulence found that the letbaldoseof heat killed organisms was the same in each 
instance The toxicity of the cultures therefore bore no relation to their virulence 
Manwaring Bojd, and OLami (1923) perfused the mammalian heart with 2-7 days 
culture filtrates of F choUra added m 6-10 pet cent concentration to Locke s solution 
Though non tone for the conducting and contractile tissues the filtrates had a destructive 
effect on the eapiDary endothehum, as was evident from the cedema of the muscle end the 
hsmorrhagea that occurred beneath the endocardium and pencardmm 

We may conclude that the cholera vibrio docs not secrete a true soluble exotoim 
but that it contains endotoxins which are bherated on the autolysw of the bacilli 
m culture or on the actitc disintegration of the baedb by the cells of the ntumal 
body The analogy that it presents with the meningococcus— another organism 
that readily undergoes nutolysis — is very cloxe though the cholera vibrio is far 
more toxic 


Hahn and Hirsch (1920) working with El Tor and other hwmolytio vibrios found that 
a soluble toxin was prodneed in peptone water cultures to which small quantities of glucose 
were added during growth the reaction of the medium being kept alkaline by similar 
additions of NaO II The toxin which passed through a Seitr filter became demonstrable 
in fi-10 hours and reached its maximum in 1-4 days Bacterial counts indicated that the 
increase in toxicity of the culture comcidod with the death of the organisms The heat 
resistance of the toxin seemed to vary with different batches sometimes it was destroyed 
m 2 minutes at others not for 30 minutes when exposed to a temperature of 100" C In 
jecteJ intraperitoneally into gmneo pigs in a dose of 0 2o ml the toxin had a marked 
effect on tho temperature, which often fell to 30" C within 2-3 hours The animals became 
progressively weaker paralysis developed in their hmd and they died in 6 10 hours 
Post mortem the findings consistetl of a large exudate m the peritoneal cavity fibrino 
purulent deposits on tho Lver and somctinjes hyporamia of the intestme Injection of 
horses with mcreasing doses of toxin led to the appearance m the seram of antibodies 
capable of neutraluung to some extent the lethal action of the toxin for gumea pigs 
It IS to be noted that true non hsniolytic cholera vibnos were almost completely devoid 
of toim producing power under the cultural conditiona described (see also Andu and 
van ^leke^k 1929) Takita (1939) found that the El Tor vibno produced a true thermo 
labile exotoxm neutraliiable by an nnti«enim accordmg to the law of multiple proportions 
Mice inoculated intravenously mth 0 01 ml died within 24 hours The exotoxm appeared 
to be different from t!ie hiemol3^in 


Antigenic Structure —The antigenic stmctiirc of the vibnos has of late yean 
received considerable attention Kabeshima (1918) workmg with T c/olera 
discosered the occurrence of serological variants Balteanu (1926) found a heai 
labile H and a beat stible 0 receptor m the cholera nbno immune serum prepare 
against otgamsms l.sale.l to 100" C for 2 liooi. conta™,! only 0 •g£»tinins 
Mmg ttas coalirmed and ejtand.d lij Sbonsha (1931) AMoosh (1932) arf GoL 
(1932) These observations and a particolarlj careful study by Gardner « 
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^ enl^traman (19^) hare done zaaeh to clanfy the conftooa resnlting from th* 
work earned ont before thi* iiBportance of fla^Uar and somatic aatmeos bad been 
appreciated. The analr*i3 hoTerer, by no means complete, and the «ches 3 e 

reprodneed here most be regarded onlr as a workmghjpothcsi*, certain lo the fo’ere 

to reqaire considerable modificatiott. 

Attention has been concentrated mainly on the cholera and cholera Hie nbnos 
which we refer to for convenience as Gionp A This group composes o~^aismj, 
mo«t of which prodnee acid without pis m gInciKe malto^ mannitol and *ncro*»*, 
bat not m dulatol and which pve the cholem red reaction. 411 organisrna 
Gronp A possess a eonmoa H anli'^a- The major 0 antnrens on the other band, 
of which SIX have already been differentiated, are much more specific and are 
used as a basis for the differentiation of Gronp A into rab-gioaps The true cholera 
vibnos all appear to fall into siib-groop I, which also contains mo*t of the H Tor 
ftiains Snb-gronps II to VI contain cijranisms referred to as paracholera asd 
cholera hie that have been isolated from ca«es of choleraic diairheea or fitsm wa er 
Thus, according to Gardner and \eniatraman, the tree cholera vibno is a non 
hasmolytic organism containmc the •peofic 0 antigen of suh-groop I eicep* by 
hamolysm prodnction it is indistingmshaWe from El Tor vibnos containing the same 
0 antigen. A non «pecific 0 ant^en •hared to a variable extent by all the o^inbers 
of Gronp \ has also been described by tbe^e worien. 


ribf><> 




Creep A. Cholera am cf>e!«r»*liie rjVioi. 
General bioebemieal tiAOtfity 
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Non bmol/tir 
(3>oI<n nbrios. 
At leart 3 tTpea 
difinentMted m 
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n Tor ribooB. 
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kra<‘lvu& 

PsrvhoW^ rhe^in like end 
•oae El Tor ribnoe. 

Tj-pe» withia fab-groeps 
sroelensused. 


Chemical Analrsis. — Tfae ebecucsl analvsu of the Fi^rto gronp has beei mtmsivrlT 
stadied of late veais by Lantoo and h» ceBeocnes mlodia (for earir references eee Lmton. 
EhriTastava and Mitn 1935) wbi>foflo»*dHptI»wotkofI*ndsteiii*TandI*vine(19'*T- 
They find that the vibnos caO be d a aa fie d into eiz groops on the huts of two poKia 
and three polysacvhande coostitoenU (Tabb 34) 

Proteuk. I and 11 slww wide strnctaral diffetensea, bat whether they are qaalitatirelr 
distinrt or whether each la a nuxtnre of eewtal protwib, n not vet decided (iCtra 193* J- 
Tbe polTOCcl^ndes enrt in the cell M aoetvl compouada (Untoa and Slitra l'>3o) On 
hydrolvsis pdvacchande I vrelds galactose and aldobiotuc and peJracchande U 
bino^ and aldobjonic acid, wberea* the pohaacchande compfei in yiehla ^aecse coir 
It u donhtfiil bow far the pdrswebandes ran be regarded ai distinct eompoaflda lantcffl 
Shnvasflava aiai '«! (l93s) for esMnple have fonsMi tig diffewnces in the phvsiciJ 
chemical and antemie properties of prepwations of a polv’acehande fcBmcd hr a pven 
vibno grown on dj5«ent media. 3feUhrf.cstndje3 by Lmtwi. iGt» and Jlalhei (ISJoo. 6) 
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TABLE 34 

Cntiticii. CLAsstncATio’f qt tHE Fucm Gtaur, 4 Ccordisc to Lurro’? 4^0 
Eia COIiABCOUTQES 



Prolein 

Potrsaccharidc 

Source eC Origtu of Vibrio 

Group 


I 

llajonty of strains from cholera cases 

Group n 


n 

Souk strains from cholera cases andeomo 
water vibrios 

Group III 

11 

n 

Mainly magglntinable water strains 

Group I\ 

II 

1 

El Tor strains and some agglutinable 
cholera strains found m India 

Group 

II 

HI 

Atypical cholera strains. 

Group I 


in 

Atypical cholera strains mcluding certam 
old laboratory strains of true cholera 
Tibnos 


bwti tiiWTi Vfcs,\, »\Tii^i5a Wtwiguig to Gtooj* VI Vv&Tfe & tigk tale o? tespira 

lion and of aerobic glycol^-sis , straiaa of Group U are aoderately actiTC and those of 
Group ni reUtirely mactiTe . atraina of Groups IV and V have a high respiration but 
a low aerobic glycolysis rate In phosphate buffered peptone water the final Eh of strains 
belonging to chemical Gronps I, II. and VI is higher than of those belonging to Groups 
ni, IV and V (Seal and Slitra 1939) 

It is as yet too early to explain (he anttgemo behavionr of the Vtbrio group m terms 
of chemical structure As wUI be seen from Table 34, true cholera nbnos fall mto chemical 
Groups I, ZI, IV and W la addition it has been fouad by Lmton, 3£itra and Seal 
(103^9) that the transition of a true cholera Tibno from the smooth to the rough or 
p Tanant state may be accompanied by a change m its chemical grouping such as from 
Group I to Group TV Chemical and antigenio differences have also been observed in 
cholera strains isolated from different stages of a gtren epidemic (tanton, Shnr&stara, 
Seal and Mooherji (1933-39) 

In this country Bruce White has studied vanous fractions from members of the 
Fibno group m particular relation to their antigenic atnicture White (193Sn) finds 
that, just as in the Salmonella group, the transformation of the smooth to the rough phase 
13 accompanied by a loss of specifio O antigens and the un maskin g of a common rough 
anbgen In consequence, tuTuy organisms that are anUgenically diver«e in the smooth 
state shou a close similarity in the rough Wlute has established four rough ontigemc 
groupings Rough Group A contams strains denved from Gardner and Venkatraraan’a 
smooth O sub group I , rough Group B from smooth 0 sub group H , rough Group C 
from smooth O sub groups HI and IV . and rough Croup D from unclassified smooth 
0 sub groups 

Variants in a further stage of degradation known as p vananta have been desenbed 
by White (19346, 1935o) Ofgamsms of this type have lost (heir dominant rough O antigen 
and appear anti^mcally similar owing to the unmasluiig of a still deeper common p antigen 
Little IS yet Iroovni of the chemical structure of this p antigen, but it is very resistant to 
proteolytic digestion and includes a polyaacchande hapten referred to by White (1940c) 


A study of the different types of cholera Tibnos belonging to Gardner and \ enkatra 
man’s 0 sub group I led Scholtena (1933) and HciIk^ (19306) to postulate the existence 
of qaaltiiwly dKlmct Wre 1 u.d » Som .Irum .ppe^red to con 

Um A onl,. .od Wl A ™d B IVlut. (193.6) on the other band foUowntg „p 
liB troA Of (930. d,aast«. »dh th.a lotcn™!*!™ On the ba,« of ag.lolmat.on and 
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absorption of agglutinms tests he beLercs that the Jnaba (onginalj, jriiojima (middle) 
and Ogaira (vanant) strains of T tMenSy whieh have been ertensirely used for sero- 
logical work la the East, bebare as if thnr beat-stable 0 antigens had the general strortare 
AX, ABX, and BX, By means of iwectpitm tests earned out with sera prepared by the 
inocalation of rabbits with poljsacchande extracts, be finds that there are at least four 
O receptor groups on the smooth polyaacchande of the cholera ribna Both the Tnat,. 
and the Ogawa strains poesesa these four groupa two of which are type specific and two 
of which are common to both tjpes In each trpe one of the receptrwa is alfcaL bbSc 
and the other alkali stable 

IVhite (IQ^lo I935i} has deaenbed the occarrenoe of aleohol-solahlo protein antigens 
which he refers to as Q antigens There ts reason to beliere that these substances plar 
a part in the nonspecific O agglutination of boiled vibnas, described bp Gardner and 
t enkatraman. 

IVhite a itndiea were interrupted by the war, but it may be worth while summarizing 
his finding s to date From vibno bodies be has isolated (1) a heat labile protem antigen 
(White 1940&) , (2) a heat-stable protein antigen poMiblp associated with a haptra CV2 
(tVbite 1940d) , (3) an aloohol-aotuble Q protein fraction , (i) the difierential 6 R and 

0 antigens with their rcspectiye polpsaochande haptens Ca C^andCd, (5) another hapten 
Cyl ts probably also of somatic origin .and (6) another, the "rngose** hapten (IVlute I9i()j) 
has been denTid from the intcrcellnlar accretion of rugose yanant strains Antibodies 
for all these components may occur m the sera of rabbits immniuzed with linng cultures 
of r oAobre 

From this bnef summary it will be apparent that the findings of Bruce White and 
of Linton and bis colleagues are by no means easy to interpret, and that maeb further 
work will haye to be done before tbe antigenic strurture of eren the cholera ribno can 
be expressed m cbemicat tenna For a renew of tbe chemistry and antigenic streeture 
of the nbnof, ecu Linton (1940) 

Fatbogemeitr. — Tbe cholera tibno causes Asiatic cholera lo man ^letchuLolTs 
yibno appanatly vs tesponstbU for a cboletaic disease lo chickens (GamaUia 183Sa) 
— sot for true chicken cholera, which is due to a member of the PatUurella group 
It IS possible that T pheaphorescens may cause acute gastro-ententis in man, bat 
this has not been proved conclusively (Jennoljews 1926) 

A disease simnlating cholera may be reproduced in guinea pigs and new bom 
rabbits by certain expenmenta) procedures (see Chapter 63) The cholera 
vibno when given by mouth, or injected per recium, is haimless to mice, rabbits 
guinea pigs, and monkeys IntrapentODeal injection into guinea pigs u fatal 
within 24 boors If a small do«c of nbnos — i loopful of an IS-hours’ agar 
culture — 13 given the animal dies of toxmniia and at necropsy the peritoneal 
cavity 13 sterile If a larger dose is given, | loopful, cultures from tie pentonesl 
cavity may be positive , and if a still larger do«e is given, 1 or more loopfuls, the 
vibnos may be recovered also from the heart blood Intrapentoneal injection cf 
mice 13 fatal m 24 to 48 hours IntraveDons injection of young rabbits is fatal w 

1 to 5 days. According to Botman (see ran Loghem 1933} the rat is comparahvely 
nnaffect^i by tbe intrapentoneal mocnlahoa of killed cholera vibiios, whereas it 
13 susceptible to El Tor vibnos 

Jletchnitofl 5 vibno is more invasive than the cholera vibno Even after t 
small dose given intrapentoneally to guinea pigs, the vibnos can be recovered 
from the heart s blood It is fatal to gumea pigs even when given subcutaD<*ousIy , 
under the«e conditions the cholera vibno gives nse merely to a local abscess Both 
guinea pigs and chickens can be infected by feeding with T wetchniton Jforeover 
this organism is pathogenic to pigeon^ on intramuscular injection, whde the cholera 
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vibno IS not, except occasionally m large doses (Wiseny 1905) Pigeons injected 
intramuscularly with J agar culture of 7 ma^ntkovt die in about 8 hours with 
general septicaemia (MetchnikoH 1893) Intratracheal injection appears to be even 
more fatal, since not only guinea pigs, paeons, and fowls, but also rabbits may be 
infected by this route (Gamaleia 18S8&) Deneke a Ytbrio lyro<je7ius is pathogenic 
for the guinea pig and the pigeon Half an agar culture injected intrapentonealiy 
into a gumea pig was fatal m 6 hours, and a whole agar culture injected intra 
muscularly into a pigeon was fatal m 7 hours (MetchnikoS 1893) Fintler Prior s 
Vibno proteus resembles 1 tyroffenus, but is slightly less virulent 

V phospborescens is pathogemc for guinea pigs rabbits and pigeons About 
500 million orgamsms injected intrapentonealiy into guinea pigs, mtravenously mto 
rabbits, or intramuscularly into pigeons proved fatal in 24 hours vibrios were 
isolated post mortem from the heart s blood of the pigeons (Jermoljewa 1926) If a 
guinea pig that has died after intrapentoneal injection is opened up and placed in 
the dark, the viscera are seen to exhibit a marked phosphorescence (Kutscher 
1893) 

Most other piembers of the group are non pathogemc The virulence of V 
cboleres is variahle Freshly isolated straina are more virulent than those kept in 
the laboratory Moreover, even on isolation, the virulence of different strains to 
laboratory ammals appears to vary Haffkine (1892) stated that it was possible 
to raise the iiruleucc by passing the organisms through the peritoneal canty of 
guinea pigs , between each injection the peritoneal exudate was exposed to the 
au for some time at room temperature By growing the nbno in broth m a con 
stantly aerated atmosphere and subculturiog every 2 or 3 days, the virulence was 
said to dimmish Gotschlich and Weigang (1895) also stated that the virulence 
might be raised by rntraperitoneal passage through guinea pigs 

VanatiOQ — The occnirence of smooth, rough and rugose forms of the cholera 
vibrio has already been referred to in the sections on cultural and antigemo char 
acters Confusion has arisen from paying too much attention to colonial variation 
without a full study of antigenic and other properties As White (1933) points 
out, the essential feature of rough vanants is their absence of the specific smooth 
polysaccharide 

There is a widespread behef that cholera vibrios under unfavourable conditions 
such as m water, may lose theii specific characters and be transformed into some 
other type of vibrio The alleged transmutation of vibnos in the laboratory by 
Linton (1935), Linton, Shrivastavs and Jlitra (1934-35) Linton Seal and Mitra 
(1938) and Taylor and Abuja (1935-36) has tended to strengthen this belief 
White (1937a) who has studied some of the strains before and after their alleged 
change, can find no evidence to support the conception of vibnonic transmutabihty 
Until further studies have been made it is probably wiser to adopt a strictly con- 
servative attitude toward the limits of variation within the different species of 
this group 

We append a summarized dcscnption of T doirra, and brief notes on the 
characters of other species which have been described and named (For general 
classification of members of this group see Heiberg 1935 ) 

Vibno choleree 

Syntynym — Comma bacillus 
Isolation — Koch ui 1884 (1886) 

Intestinal contents of cholera patients and comers 
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MorpMc/pj — Slirh tlj cnrred badDos, often xesemUmz k comma. Vanes co&siderab!^ 
in size, 1 5-1 ft X 0-2-04 ft. One end often blnnter than the other end^ 
rounded axis g«ierallv carred aides cootrergmg or psraHeL Aiiaa5*d einrfr 
or in s-shaped pairs , sometimes short ehains are found, «r>d sometimes spirals. 
In the intestinal contents, arranged like fish, in a stresm. In old colt ma the 
bacilli are T«y smaD, resembling grannies aad s tu n poerlr Inrolntion fwms 
nnmerona. Actirely motile by a sin^e polar da-dlnm. Gram negatire. Non 
sparing Non-acid fast. 

Jjor Plate . — S4 lov* ot 3“* C Pionnd, 1 2 m diameter low eonrex translacent, 
grejnsh veDow colonies with »moolh. or Endr granular glistening snr^aee and 
entire edze and of amorphoos or coasistenev bn*TToas, 

easDreinnkifiable. “days sbghtlvlargi* edgeentireonmdolate snrfaee some- 
times studded with small, knob-tike «« cg>daTT colonies colonr is sometimes 
snnonnded by a narrow efinse, transparent penphMal ei*ens*om Qrstals often 
fonned in the medmm. 

Apir^trete.— 24 ifflfMol 3“* C Good, raised, translnceat greyish ydlow laoer of growth, 
with smooth, glistening «Tirface and edge fonned of sins’e cdomes. " day* 
snrfaoe sometimes studded with small, knob-Lke ^condary colonies. Crystals 
often formed m the medinm. 

Geiotin Plate. — 2 day* at 23* C Ronnd 0-5 mm m d.ame*er ai~orphoca, raised or 
low conrex, greyish white opaque colonies, with smooth or sli^tly granolar 
surface and entire or erenated edge. Zone of bqoefaction around colony Email 
floccuh of growth in Lquefied gelatua 

Gelotm SloS — 3 day* of 22* C Good filtfonn growth, confluent at top. dj>ere'e below 
ext<ad.ng to bottom of tube. Infundibolifonn or napJorm hqnefaetion thii-V, 
yellowi^ brown pelhcla on eurface of bqmd gelatin, and coar^r grunlu 
turbidity 

BnOi — S4 Aovr* at 37* C Abundant growth with inod*rate tnrbrditT a alight powderr 
deposit, and a thick sudace p^Qiele breabng op on shaking into coar^ membrasoBi 
and granular pieces. 

Lotffjr $ ^eriim.— 10 day* ot 37* C Cktod growth with partia] liquefaction. 

fforw Blotri AysrPtoe*.— 24 io«r* at 3"* C Abundant growth colonies are surrounded 
for 2 mm- by a zone of o or ^bauaolyns. 

Potato. — 7 day* st 3"" C Good, coaflneat cafe-au lait growth with smooth glist«iag 

J/ocCoui*y Plate . — 24 Aoirr* at 3“* C Good growth of clear co'outles* coloa.e3 smaller 
than those on agar After ~ to 9 daes the cc^omes take on a reddish cc^our 

Pefutaaee . — Not speciallT le&stant. Easily killed bu djnng De ^tr ove d br beat at 
53® C, in 15 minutes. Dried on Lnew or threads ther sumve 1 to 3 dae^. Kill'd 
by 0-5 per cent, pbentd in a few minutes. Eumre m clean tap wat« up to SO 
dars, but pensb in "4 hours in ee»spool water. 

ileioMtfnt , — Strondy aerobic Terr alight growth noticeable on agar «Td m broth after 
a week nnd« stncUr anaerob c eonditiooa. Optimum temperature 3”* C. hunts 
16-42 C Optimum pH “-tJ-S-O ZaimtsfargrowtiipHC-4-9-6 Growth faroured 
slightly by blood. Growswellaadrapedlrmpeptwewa er No soluble hsmolTsin 
formed for sheep or goat cella. Ptutcolytie and diastaLc ferm'mts secreted. 

B oe^emteal — Acid, no gas, in glucose maltose, mannitol, and *actoee in 1 to 3 davs 
after 14 days there may be alight aad in lactose. T. V acid, o' sad clot in 
14 days. Indole t Cholera red reaction -I- Af Tt — VP — Nitrates re- 
duced. NH,— Hj.S — in 14 days. Catalase — M.B. reduction— 

JbI ycBie ^tmrter* — All strains haye a common Oanbgen, but 3 sub-types are di*tinuni-h 
able Immune sera jwepared by injection of rabbiU, gcaU. or borsea with Itnng 
yibTKs contain specific baclenoly«ins, demonstrable by PfeiSers test. 

PatAoymicity — Causes Asiatic cholna m human beings. A «imilar disease may 
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duced expcnmentally in new bom tabbifa by feeding and m young guinea pigs 
by Kocli a procedure Patbogenic on ip orie inoculation into guinea-pigs rabbits, 
and mice, but not aa a rule into pigeons. One loopful of an 18 hours agar culture 
of a virulent strain injected iji into a young guinea pig is fatal within 24 hours 
P ir congestion of pentoneaV and pleural cavities with some sero sangnineous 
fluid. Small gnt congested , may be fibnn over the abdominal viscera Vibnos 
may or may not be cultivated from the peritoneal cavity If a large dose is given 
the vibnos can ba recovered from the peritoneal fluid and the heart blood 
injection of five loopfuls of an 18 hour agar culture of a virulent strain into rabbits 
IS fatal m 48 hours or less P M. small gut congested and contains thin fluid 
Vibnos generally recoverable from the blood No true exotoxin formed but dis 
integrated bodies o! bacilli are very toxic to animals. Vinjlence rapidly falls on 
artificial cultivation 

nokler>Pnor's Vibrio pioteus — Isolated by Flakier and Prior (1884) from the old 
pntnd excreta of a patient sullcnng from gaatro-eoteritis Morphologically and cnl 
turally it resembles the cholera vibrio but it can be diflerentiated by serological reactions 
and by its failure to give the cholera red reaction Has frequently been found in water 
Deneke's Vibrio tyrogesos — Foood by Heneke {1885) m cheese Hesembles the 
cholera vibrio but bqoefies gelatin more rapidly, grows poorly or not at all on potato, 
and does not give the cholera red reaction. 

Vibtio metehnlkovl —Isolated by GamaUia (ISSfla) from the blood and intestinal 
contents of chickens dying from a cholera bke disease Odessa Resembles the cholera 
vibno very closely, gelatin is Lquefied more rapidly, growth on MacConkey is poorer 
Cholera red and other biochemical reactions are identical with those of V cholera It 
IS much more invasive when injected into animals, LiBmg guinea pigs injected subcutane- 
ously and pigeons injected intramuscularly (see Pathogenicity). Can be separated from 
r cialtra by agglutination and Pfeiffer’s reactions. Has been isolated from water 
Vibrio phosphotescens — Isolated by Dunbar (189?) from the £ibc in 1893 Shown 
hy Kutscher (1893) to exhibit phosphorescence lo the darL This occurs on ordinary 
media at 22* C., reaching its maximum m 24 to 48 hours in gelatin broth or peptone 
water, and disappearing rapidly It is a function of the living bacilli. Phosphorescence is 
not visible in cultures incubated anaerobically V jihotphortteens grows in and liquefies 
gelatin, more rapidly than V cMera Crows very poorly or not at all on potato H»mo- 
lytic and diastatio, produces indole, gives acid in glucose, mamutol lactose, and later 
maltose (Jermoljewa 1926) It has been isolated from human fwoes (Jenooljewa 1926) 

El Tor Vibrio —Isolated by Gotschlich (1906) in 1905 from six pilgnms who had died 
of dysentery or gangrene of the colon at the Tor quarantine station on the Smai Penin 
sola Forms soluble hsemolysin for sheep and goat cells Gives atypical Pfeiffer 
reaction (^eufeld and Haendel 1907) Dsually givee positive Vogea Proakauer reaction 
(van Logheni 1938) KilUd vibnos injected lutrapentoneally are said to be more toxic 
for the rat than killed cholera vibnos (se® van Loghem 1933) Accordmg to Takita (1930) 
the El Tor vibrio produces a true thermolabile cxottWmi distinct from the hannotysm 
and proving fatal to mice on mtrapcntoneal inoculation Kelation to T eftc^era stdl 
doubtful («ce Fig 104) A 

Vibrio berolinensfs —Isolated by Newsw (1893) fnJffl water to'whieh cholera vibnos 
had intentionally been added. Resembles the ohrfera vibno closely . gelatin colonies - 
are smaller and animal pathogenicity is law But probably it is merely a variant of 
the true cholera vibno Similarly the « WMo Ivsnoff " (Irasoff 1S93) which was cul 
tured from the faxes of a typhoid patimit to which cholera vibrios bad been added, and 
which differed in unimportant particnlara from the cholera vibno, js also a vanant of 
the true cholera vibno (Dieudooni 1894) 
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Vibrio dinobleu — Isolated by Heider (1893) irom the Danube csn&L r.e9embles 
the cholera Tibno closely bot can be difimntiafed by serological reactions. 

Vibrio heleogeses — Isolated by llseher (1S93) from the diarrhoeal faves of a woman 
Some of the mice moculated snbcotaneously developed ulcers of the akin hence the name 

Tbe Massauah vibrio was isolated by Pksquale (IS91) from the faeces of a patient who 
was probably sot suSenng from cholera. Kescmblea the cholera Tibno closely but has 
four pcntnc^te flagella it is therefore sot a tme Tibna. The Chlnda rlbflo was isolated 
by Pasquale from water it was regarded as a tne cholera nbno but has since bees 
shown to be distinguished from it by its immunity reactions. 

Tbe Masik vibrio diEers in seTcral re«pects from Y ehclercs. It u less like a comma 
and 18 short and rather fat arranged amgly and with great legulanty filamentous 
forms are common. The colomes on agar are more opaque than those of cholera. Znfon 
dibuhformbquefsct onoccursmgelaUn later stratiform the Lquefied gelat n is uniformly 
turb d and contains no floccnli. ho growth under anaerobic conditions. Ac dm glucose 
only I1.XL purple and clotted indole— nitrate redact on— \Ht+ H,S — 
Catalase -{ — U.B. reduction — cholera red react os — ^tuemolysis m horse blood 
agar plates in 4 days. Caf4-au lait growth on potato Broth cultnies are very toxic 
to rabb ts on mtravenous inject on (Kolle and ^hurmann 1912). 

Vibno fehu — Thu orgsaism on account of tbs specia.1 eharaetemtics mast be 
considered separately It was fint isolated and described by M Fsdyean and 
Stockman in 1913 (see Report 1913} who found it in the ntenne exudate of aborting 
sheep Smith (1918) coltivated the same organism m America from the fc8tTL.ea 
of aborting cows (see Chapter 7o) he named it T feiiu (Smith and Taylor 
1919} In young cultures it u geuerally shaped Lie a comma but later it assumes 
a epuiUar appearance It u questionable whether this orgamsm should be clasaiSed 
as a Fibrto or as a Spirillum its characters partaie of both gronps But «ince 
Smith has placed it with the nbaos smee it has a smgle polar ^gellum and since 
it 13 Gram negative it u perhaps best to regard it as belonging to the Fibno group 

Morphologically the smallest forms appear as mmate. slender s shaped threads the 
longest forms may stretch nearly across the field of the microscope. In length it is 1 5 
to S fi 01 more and m breadth sboat 0 3 to 0 3 /c. A single organism shows one or two 
spirals the length of eachspirslu about 2/1 and the amphtude about 0-5/1. Inthelong 
forms tbe spirals are drawn out so that their length is far greater than their breadth. 
The abort forms are sharply curved tbe spirals often show an obtuse-angled curve. In 
young cultures the vibnos are actively moble by a single polar Sagenom in cultures 
a week old very few ate motile. The organism is best stained with alkaline methylene 
blue, the stainmg bemg prolonged over night It is Gram negative. In old cultures 
many of the oegamams show granular degeneration. 

For growth m artificial media, a reduced oxygen pressure is required. When first 
isolated it will not grow on agar without tbe addition of blood or some other animal flmd. 
Tbe growth is very delicate and occurs at the edges of the slope between the agar and the 
glass subsequently it spreads round the convexity of the agar After some months of 
culbvabon m the laboratory a thm surface growth may be obtained. Growth m flmd 
media even in blood broth, does not occur tiO the strain has become thoroughly accustomed 
to saprophytic conditions. There is no growth m gelatm minr or potato Sugars are 
not fermented, and there is no production of mdole. In cultures it lives for 3 to 20 weeks 
at room temperature but dies rap dly in the ice-cheet. Dned on threads it Irves for 
less than 3 hours. It is killed by 56' C m o minutes. The optimum temperature for 
growth IS 37® C Ant genicslly it appears bv agglutination to be homogeneous (Smith 
and Taylor 1919). It is non pathogenic to labontory »nimal« Under natural conditions 
It gives nse apparently to abortion in cattle and aheep. Experimental moculation of pure 
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cultures into pregnant cows may be followed Ig' disease of the foetal membranes (Smith 
1919) 

A closely related organism, named Vdmo jejunt, bas been described by Jones and Little 
(1931), and Jones, Orcntt, and Little (1931) It appears to bo responsible for a disease 
of calves and older cattle, which may oceur in epidemic form during the autumn and winter 
months, and is known as tetnUr d^aeitlery oc Naet tcaurs The organisms are most 
abundant m the jejunum 


SPIRILLVII 

Dsmmov — 5piriHuffl. 

Rigid rods of spiral form rarying considerably in the number, length, and 
- breadth of the spirals Usually motib by means of a tuft of polar flagella (6 to 
£0), which are mostly BemiciKalai m shape The flagella occur at one or both 
poles , their number varies greatly and is difficult to determme, smce in stained 
preparations several are often muted into a common strand Oenetally Gram 
positive. Some species form a reddish vellow, or greenish yellow pigment Found 
in water or putrid infusions. 

Type species Spirtlhm unditla 

Not many orgaaisms la this group have been described One of the best known 
IS iSpiriifirm rvbrum, which was isolated by Esmarch (1887) from a mouse that had 
been decomposing for 3 months under water 



Fiu tOS — SptnUaiit rainnt 
"Froin a broth raltnie 3 days, 30*C (X lOOO) 


Slorphologically the spirilla show considerable variation Their length may 
vary from 1 to 60 p, and the nomber of spirals from 1 to about 50 The length 
of the individual spiral vanes accordmg to the species of organism , in some spirilla 
the spirals are close set, each one being not more than about 1 fi in length , in 
others they are looser, and may be 10^ or so in length The width of the organisms 
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Vibrio dansbleos — IwUted by Heidor (1893) from the Danube canal P-e^mWes 
the cholera vibno closely, but can be differentiated by serological reactions. 

Vibrio htleogenes. — Isolated by Fischer (1893) from the diarrhteal faces of a vroman. 
Some of the mice inocnlated subcntaneou^r developed ulcers of the slcin , hence the name. 

The Hassanah vibrio was isolated by F&sqoale (189!) from the faces of a patient who 
was probably not soffenng from cholera. Itesembles the cholera nbno closely, bat has 
four pentnchate flagella , it is therefore not a true Fiino The Ghlnda vibrio was isolated 
by Pasquale from water, it was regarded as a true cholera vibno, but has smce been 
shown to be distinguished from it bv ita inunnnitv xeactiona. 

The Nutk vibrio differs m several respects from V eJiolerir It is less like a comma 
and IS short and rather fat arranged singly, and with great legulanty , filamentous 
forms are common. The colonies on agar ate more opaque than those of cholera. Tnfun 
dibuliformbquefaction occurs m gelatin later stratiform , the liquefied gelatin is uzuformly 
turbid and contains no flocculi. lio growth under anaerobic conditions. 4cid m glucose 
only, t.tf purple and clotted, indole — , nitrate reduction—, , H,S — , 

C^talase-f — }- , ^LB. reduction — , cholera red reaction— , ^h»molysis m borae blood 
agar plates m 4 ds}^ Cafe^u lait growth on potato. Smlh cultures ate very toxic 
to rabbits on intravenous mjectioD (KoUe and Schumann 1912) 

Vibno letus — This organism, on account of its spe«al cbaractenstics, must be 
considered separately It was first isolated and descnbcd by SITadyean and 
Stockman m 1913 {see Report 1913), who found it in the uterine exudate of aborting 
sheep Smith (1918) cultivated the same organism m Amenta from the fostoses 
of abortmg cows (««e Chapter 75 ) , he named it F /etuf (Smith and Tayloc 
1919) In young cultures it u genetnUy shaped like a comma, hut later it assumes 
a spinllar appearance It is questionable whether this organism should be classified 
as a Fihno or sa a 5pin77um , ita characters partake of both groups But since 
Smith has placed it with the nbnos since it has a single polar ^gellnm, and since 
it IS Gram negative, it is perhaps best toKgard it as belonging to the FiVio group 

Morphologically, the smallest forms appear as minnte, slender, s-shaped threads , the 
longest forms may stretch nearly across the field of the microscope In length it is 1 5 
to 5 /I or more and m breadth about 0 2 to 0 3 p. A amglo organism shows one or two 
spirals the length of each spiral u about 2/1. and the amplitude about 0 5/1. In the long 
forms the spirals are drawn out. so that their length is far greater than their breadth. 
The short forms are sharply curved , the spirals often show an obtosc-angled curve Zn 
young cultures the vibnos are actively motile by a smgle polar flagellum, m cultures 
a week old very few are motile. The organism is best stained with alkaline methylene 
bine the staining being prolonged over night It is Gram negative. In old cultures 
many of the organisms show granular degeneration. 

For growth m artifiaal media a reduced oxygen pres sure is required. When first 
isolated, it will not grow on ^ar without the addition of blood or some other arumal fluid 
The growth is very debeate, and occurs at the edges of the slope between the agar and the 
glass, subsequently it spreads round the convexity of the agar After some months of 
cultivation m the laboratory, a thin surface growth may be obtained. Growth m fluid 
media, even in blood broth, does not occur tiD the strain hu become thoroughly accustomed 
to saprophytic conditions. There is no growth in gelatm milfc or potato Sugars are 
not fermented, and there is no production of indole. In cultures, it lives for 2 to SO weeks 
at room temperature, but dies rapidly in the ice<hest. Dried on threads, it lives for 
less than 3 hours. It is kiDed by 56° C. in 5 minutes. The optimum temperature for 
growth 13 37° C. Aatigenically it appears agglutination to be homogeneous (Smith 
and Tavlor 1919). It u non pathogenic to labmatory animals. Under natural conditions 
It gives nse apparently to abortion m cattle and sheep. Experimental inoculation of pure 
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cnJtnrea into pragDaot rows isaj be Si^owed hy dueaae of the Icetai membraaes iSmitb 
1919) 

A cicely related orgaiusm, nsnjed Vtbnojejum. bu been described by Jones and Little 
(1931), and Jones, Orcutt, and Uttte (1931) It appears to be responsible for a disease 
of calves and older cattle, which may occur m epidemic form during the autumn and winter 
months, and is known as water dysentery or blaek teotirt The organisms are most 
abundant in the jejunum 


SPIRILLVil 

DErrvrnov- — Spirtllum. 

Rigid rods of spiral form, vaiying coDSiderabty in the nmnber, length, and 
' breadth of the apirals UsuaUy motile by means of a tuft of polar tlagella (5 to 
20), which are mostly semicircular m shape The flagella occur at one or both 
poles , their number vanes greatly, and is difficult to determine, smee in stained 
preparations several are often united into a common strand Generally Gram 
positive. Some species form a reddish yellow, or greenish yellow pigment. Found 
in water or putrid infusions. 

Type speaes SptrSlarn tindnia 

Not many oTganisms in this group have been described One of the best known 
IS Sptrtlhm ntbrum, which was isolated by Esmarch (1887) from s mouse that had 
been decomposing for 3 months nader water 



Flo 105 — raftrttm 
From a broth euitiiTe, S days, 30‘C (K lOOt}} 


Morphologically the spinfls show considerable vanation Their length may 
vary from I to 60 ft, and the number of spirals from 1 to sboat 50 The length 
of the individual spiral vanes according to the species of organism , in some spuffla 
the Spirals are close set, each one being not more than about I ju m length , in 
others they are looser, and may be 10/t ot aom length The width of the oigamsms 
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vanes from about 0 3 to 1-0 /i, and the anphtude of the spirals from about 0 S to 
2-0 /X Even amongst different organisms of the same stram, there is often con 
siderable variation in the number and size of the spiiaL , together with organisms 
showing regularly disposed spirals, there may be seen others of two or three tunes 
the length, with only one or two irregular undulations In shape the whole organism 
may be straight, or it may be bent m one or more places, generally acutely Fila 
mentoos forms are not nncommon. On agar or gelatm the spiral “hape may be 
almost lost, and the organisms closely resemble vibnos. As a rule the curvatnre 
13 very marked, and there is a tendency for the organisms to be arranged in pairs 
end to-end with the concavities facing m the same direction, so as to present a 
scalloped appearance , a shaped forms too are common In young cultures the 
spirilla are motile — generally by tufts of flagella at the poles Unlike the spiro- 
chaetes, the spinlla stam readily with theoidinarv aniline dves, and are usnallv 
Gram positive Growth is faulv free, though not abnndant, on the ordinary 
media Jlost of the water spirilla form a pigment of red, yellow, or greenish 
yellow colour The pigment, at least of Sp rubnim, is formed most readilv at a 
low oxygen pressure it is well marked in the depths of gelatin stab culture* and 
hardly noticeable on *nrface growths. The optimum temperature for growth is 
25-30" C as a rule Aerobic conditions are preferred , growth under strict 
anaerobio*i3 is very sbght Xone of the *pecie5 forms epores, and none is par 
ticularly resistant to heat or disinfectants The biochemical charactcnsties have 
not been folly studied None of themembersexcept<Sptri7fum minus (-eep 183S) 
13 pathogemc for man or atumals. We append a de*cnption, based largelr ob 
personal observations, of Spirillum rubnim 


SpiriDam rabnns 

Iiolalum. — Esmarch I8S7 from a moose decomposiag under water 

BaliUU - — Water 

ilorpholo^ — On solid media the orgamsms are abarplv eurred rod-s 3-3 /i X 0-4 ;i. 
arranged singly and in s shaped or semicirralar pairs. In fluid media long spirab 
are formed 5-10 p or more m length. The axis ot the spual ts straight, or bent 
sharply at a right-angle , the number of spirab vanes fioia about 1 to S. 
are sharp, drawn out or sometimes blunt. Long thread like forms abo seen. 
Motile bv bundles of flagella at both pdea. Gram positive. 

Agar Plait. — 2 dayt al SS’’ C Bound, 0-4 mm. in diameter, convex, amcaphotis. 
almost colourless and transparent colonies with smooth glistening surface and 
entire edge coasstency butyrous, ea^y emnbifiable 7 tfoyr, rather larger 
and of a pinkish colour 

Agar Sfrole — 2 dajs al 28® (7 Poor dightiv raised, and almost transparent parthf 
confluent growth with irregular surface and edge formed of single colonies. 7 
dags sbght pinkish coloration. 

Gtlalin Plate. — 1 days at 23® C Small, 0-3 mm. in diameter, water-clear, convex 
colomes, with smooth Eurface and oitire edge. No bquefsction. Deep colemiea 

Gelattn Sloh — 5 days at 23® C Poor to moderate, filiform grow t h of very tmy discre’e 
red colonies, extending neailv to bottom of tube No soiface growth , no bque- 
faction. 

Broth . — 3 days at 2S° C Moderate growth with slight tnibiditv, and a pale pink flocculo- 
grannlar deposit, not. dismtegcating com^etely on shaking, no surface growth. 

dfacConley — 7 days at 28" C No growth- 
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7 dags at 2S* C Poor growth of ducreto or conflurnt rrd coloniw. 

//or« Bto^l Ayar riaU -2 doyt «t 28« C Vorv mall, low conrex colours . oo h*-mo. 
1>S1S 

ftrate, _Kol .p«u.llj Drtrf „„ ,1, 

longer than C to 8 days 

JretaWiJm Aerobio , grown very pofttly under anaerobic condilionn Optinjum teni 
peralure25-30"C.. often httlegroathat 37»a Orow^ rerj i>oorfy m p.ptone 
water No hsmolysin formed Ked pigment formed, bwt under a low oxygen 


PiocAewicof— No auga« fermented L3I aacbanged Indoje — Cholera red reac- 
tion— UR— VP— Nitrates not reduced NII,-f Catalase + 

il B reduction — 

PulhogenuMg — ^Non pathogenic to man or animals 


Other membera of this group that ha\e liecn described are 5pirtIIum umfufo, 
Spir»I/uwi serptna, SpmVum teutons, and SpinUum minus (see p 1853) 
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De^•^mo^ — AVei4««rKi 

Cram negative cocci uaaatly arranged in pain. Strict parasitea often growing 
poorfy on onlinarj media, but growing well on lemm me^a Frequently patho 
genic, 

Tvjhs apcciea la iV jonorrAtr* 

The first member of this group to be desenfeed was the gonococcus it was 
ob«erted by yeisset m 1879 m the pus cells of palienU with gonoiibma and was 
successfully cultivated by Bumm (18^, 6) and by Leistiiow and LoefSer (Leisti 
kow 1882) in 1883 \\ cichselbaum isolated the meningococcus from the cerebto 
spinal fluid of patients with cerebrospinal meningitis on the year 1887 In 1895 
Jaeger described a similar organism, which he regarded as identical with the 
meningococcus, but which was almost certainly not (his organism it is now 
known as the Z>ipf<Jcocci« cra<s«» B Pfeiflet (see Flugge 1896) desenbed 
the J/terococeus co/orrAofte u 1896, be found it u the bronchioles and alveoli 
of children with broncho*pneutnonia , it was carefully studied in 1902 by Ghon 
and n Pfcifler In 1900 von Lingelsbeim desenbed a number of Gram negative 
COCCI in the nasopharynv of healthy and diseased persona , these included the 
Aficrc>coecuJ fkarynga sjccms, the 3/ierocwtw j^aryngis onernw, the D%p]ocDccits 
muivsnT, and the piaryfiy/*_fiatut t, tet More receatlf Braaham 

(1930) has added another member to (he group A Jfaoeecens This organism 
was isolated from the spinal (laid of patients with epidemic cerebrospinal 
memngitis 

Habitat — ^With the exception of the gonococcus, which is the causative organism 
of gonorrhrea, those species of Gram negative cocci which bare been adequately 
described are found almost exclusively w the Dasophaiym of healthy and diseased 
persons, or, m (fie case of (fie meamgocDccus; nr nrenmgeff anu’ cCTirfinrapoiai’ 
fluid of patients with cerebrospinal fe\er 

Morphology — The members of the group are all Gram negative cocci, but they 
difler considerably in their morphology and arrangement and m the ease with 
which they are decoloured by alcohol Hot only do they difier from one another, 
but the same organism may vary consid«Bbly according to en-nronmental con 
ditions , thus, in the body, the memngococctia and the gonococcus present an 
almost typical arrangement in the fonn of diplococci with flattened or slightly 
concave adjacent sides, but in culture they appear as oval or spherical cocci without 
the typical diplococcal arrangement Most of the members of the group are arranged 
In pairs, tetrads, or small groups , but some members, such as H pfiaryn^w, 
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appear Ireqnentlr in tie £0*21 cf dense damps wita occaatmal isoia*a3 o*ran.£ra. 
One diferencc in arrangement tiat 9err« to d-stin-TLai Gram-negativ* irom 
Gram pmbre dip’ococa is tie war m iriirli tie n'.g n acs cf ti» oral is , 

witi ti® Gram-negatiTe coca tiis ans 15 alwar* at edit aiur’es to ti* jt-s jtnn^ 
th* two eoca witi tie Gram poatrre coca it is o* en ctEnadm* wiJi it. In 
Ovbe’' words, pairs of Gram-ne^tiTe coca a*e nsnalfr comr*fe=s«d ii craEr, 
Grata pcsitire cocci ©'’tel ionotndmaDr Vs * ml* ti* G*a=i necatiTe ccca are 
deoolonxed withont diScnltv, bat some member tend to retain ti* gentnan 
and «o taLe on an ind*tenaisate eo*oar, wiidi is most confesnn. Ti® mo*t 
notabl® example of tiis la Ja®^®s coceoa or ti® Dip'lo'ocria cfsmj, in a 
sm®]® film Gram-positrre and GTam-ti®®atsTe, and nomeTins otter coca ’w^n an 
indeterminate colour are found Ivmg sde br s:d® One reason for ti® inde*er 
mina te stainin® of «<Kne of tie G'am ne^atire coca is tt® teadearr tier fare to 
b® aTTat®®d in croups or deis® 
clomps once tiese tare L®€n 
'tamed mii gentian tt*T 

are not eas3r dtcc’ons®d. Hence 
1* IS important aJwav- to mate 
films as tiin and « cnioim as 
possbt* In Tooss coltnres tie 
cow «taa fauJr eTesIr, bat a£*e® 
about £! fcoom as^oJrtie ciasges 
«et in, witi tie lerf* tia* »• 
caied inrolntica fssns s;7csr , 
Ibe^ are g*n®*aI]T large «Trd]«a 
coca wii^ *tam peoriT BoJi 
ti® meaingwoccns and tie goro- 
eoccci are eiaiae*<*txed a^ com 
ii5’®d with mttt* oti»r ntissns, 
br tie £r®qae--cT with wii'i «aci 
firms ajp®a7 , and it car l«® 
Do'ed tiat manr cf ti® large 
swoSen forms, in csl ares o* ti^e 
sfraes, 'tam d®»plr and cni- 
fonnlr J E- Gordon (1^1) described a Tar*®*T of A tdarria'u m wiici ti® 
d^eneratiTe f omis b®®an to appear aft*” tie 4tb hoar, bat ti.s is cnomaBr eadr 
Some woiie’^ hare dsenbed ti® p-»enre o' Babe9-E*s** bo.*-es cr m*.achro- 
matic grannies in members this group. Els®* and Hentoon (ISO*) £ta*e 
tiat tie men.nzococcas, when rtained with Ic'cStr s meticlen® l’=» c£*en 
shows a bnghth- named central «po*, w£3n tije *emamder cf ti® cell is «carwiT 
eoloored with Neiss®®s stain ti® granols nam bloi-i hlach, tie etH bodr 
brown, ilan and 1iVo.ti* (1*05) ioond the>e grannie? m gonococa, bst cslr 
m oiganisms taien from tie Send sta”® of generrima , ti® 3 r eta*e tiat ti® 
who’e cell mav appear filled with gmnrdfat. Capssls a»® d'ccnstrslli m 
freshly Isolated nrams of menmaococa (Cla;^ ti oL 1S35) and m ti® c®**ar 
known as Jhj^omemg mveonj 

Growth E«inireseifs. — CiiI*aiaIlT esst the Gram n-gatiTe coea are ciamc- 
teaxed br a rclcctance to g'ow mi crduia^ xneda er’^ecaUr fisid mesLa. llo'l 
of tie nasopiarmgeal coca will grow— tion^ often poodr — ca notisst acxr. 



Fic K<k — tnutTM iEn<K7u>iM. 

Fraa a a t ^ uiu s-ar derpe calta® 4 d»T» S~’ C 
(y 1C03). 
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but the njcDiDgococcus n-jll not do so , the addition however, of a small quantity 
of blood or serum is sufficient to enable growth to occur The most fastidious 
IS the gonococcus , to cultivate this organism a great variety of media have been 
devised, the majority depending on the addition of some natural protein such as 
blood, serum, ascitic fluid, or hydrocele Qnid to a basis of nutrient agar The 
meningococcus and the gonococcus arc not always easy to maintain in culture 
even though transplants are made creiy 2 or 3 days the organisms not infrequently 
die out, and the strains are lost 

All the members of the group are aerobio , little or no growth occurs under 
strictly anaetohio conditions. Growth of the gonococcus is favoured by the 
addition of cystine or other source of — SH bodies (McLeod et ol 1927, Boor 1942) 
JIany workers ha\o stated that the raeningococcns and the gonococcus grow best 
under a lowered ovygen pressure and that theit growth is improt ed by 10 per cent 




Pia 107— gunfirrl^'M Fio 108 — Vei#«rw phargnpt 

Ftvm a blood aesr slone c<dture !t hours From a blood scar slope culture Si hours 
37* C (X 1000) 37» 0 (X JOOO) 


CO, (Wherry and Olner 1916 Chapin 1918 Kobroan 1919, Ruediger 3919 Bock 
weU and iJIcBhanii 1921) but numerous other workers haie faded to substantiate 
this (Cook and Stafford 1921 Bnckson and Albert 1922 Torrey andBuckein922<7) 

lllien making psperunenta on the effect of altering the gaseous constitution of-the 
nfmospbere 3t is rerv ilifiicult to control all Ibe factiws concerned the techmgue used 
may, for instance cbnngc the jsoistnro content of the atmosphere and the rate of evapota. 
tion from the mirdiuni TJ o presence of 10 per cent CO, alter* the H ion concentration 
and will interfere witJi tJie change in the reaction of the medium that normally occurs 
danng growth . thus CO, may be beoefieial if the medium has been made too alkahne 
and it maj by its buffenug action prevent the accumulation of acid The failure to 
standardize tbftso secondary facteon is probably euffiewnt to esplain the diverse results 
obtained by different workers 

The work of McLeod and his colleagues (1934). however docs suggest that 
growth 18 improved by the addition of 10 pet cent CO, particularly that of freshly 
isolated strains Glucose and glycenne have little or no beneficial effect , peptone 
in a 3-3 per cent concentration seems to be favourable The optimum H ion 
concentration for growth is ahoufc pH 7 4-7 6 , the hmits within whith growth 



will cctui are corapiiatiTelj' narrow, bnt tfeer depend IsireJr on tie conrt ilnU oa 
of the medram. "Ke optimum temperatnre for aH tie members is 37* C.; sosy 
of iDclndini tie moaingococcns and tie foaoc«cc«, wiD not grew at all 
below 30* C. , many of tie nasopiarrnjra! coc« wiD gr o w at 22" (X, brt not 
alwars on fir^ isolation. Tt^ mecingocowns fonns a we&i tsecsolvsn, reaetmg 
It* maximiim in tryparar cultures in aboat 4 days. 

Some of tie members — jihsryfigit fam group — prodace a gr^enisi yeSow 
pigment on solid media, and oecasonany a Grara-n^tire eocccj is met witi 
tiat forms a bnght yellow pigment. Some of tie Gram negatire coed, paitiecladr 
tie gonococcus and tie mesingococccs, contain an active actolrnn, wHci b 
destroyed by beating to 65® C. for baU an ionr- 

CoUnral Ciaractenshes. — Tie colonial appearances of ail tie Gram native 
COCCI appear to be subject to consderaWe variation. Two fiifieient types of colony 
of botb the racningococcm and the gonococcus have been de«icrib“d (Wassermann 
169S, Lipschutr 1^, Atlnn 1&23, 1925, Coin 1923); and S P. TVS-on (192*) 
and G S "Wilson and Smith (192$) have observed and studied ros^ a»id smooth 
types of numerous nasopharyngeal cocci. In fold media — broth and sersm broth 
— gr owth 13 generally poor, and taies the form of a «light tnrbiditT and a finely 
granular depont, which diant^rates hanfly at aQ on shaiisg ; occaaonally grow t h 
oecnrs on the «nifac^ 

Resatante. — The tesistanca of the Gram negative c»wri to ag^ccMa is 

very low In culture most of them die out in a few days ; thocgh if the organisms 
are seeded into asabc agar stab tubes — preferably made op with 0-75 per cent, 
agar — prevented from drying, and kept in tie incnbator at 37* C., they say lire 
for weeks or even months. Tbongi it b not known with certainty why the Gram* 
negative cocci die cot in coltare so qnleklv, it appeas probable that they are ^ed 
by the amonst of alkali prodaced ; the prodcctioa of and of alkaline car 
bonates of organic aads may apparently lower tie H ion conoentratioa of the 
medium to pH 8-6-9-0, and tins bring aboat the death of th* organisms fRi*!oo 
et aJ 1927) The mcmngococrus and tie goaococcns are killed by heating to 55® C- 
in 5 nunctes or 1*« , they are very snseeptible to desceatiea, dnth oecnmng 
nsually withm an hoax ox two Weak, disinfectants, vn^h as 1 pet cent, phenol 
or 0-1 per cent ^Cli, prove fatal in ] or 2 minates. Ih* m^ningocowns and 
the gonococcus are both sensitive to the salphonaoides and to peniollm. 

Biochemical Beacboss. — Bjocheiaically the members of tie gronp are not reiv 
active , tie production of aod m glucose, maltose, and sncro*e b used a means 
of clasnfication. Other sngazs, such as galactose, Isvulose, and dextrin, are nsed 
by some workers, but tbo«e who have had most cipciscnce agree that they are 
cnsatisfactoiy Since many speaea of ^atserta will not grow on the ordinaiy 
peptone water *ngar m'dinsn, it is ceces^aiy in testing theb Engar reactions to add 
a im-aTl amount of «emm, or to grow them on ascitic field agar containing litmcs 
and 1 per cent, of the «n2ar If semm b used, human cr rabbit sennn should 
be chocen, since hoT*e, sheep and ox semm contain maltase, which may lead to 
a fabe reaction in the presence of miltoee (Rosier 1955, Hendry 19^). litmus 
mill IS nnahered, except by th<* DijJt^vnau erasrus, whbh timis it ac^ Indole 
IS not produced. The ci<“thyl red test is weakly poalive or fiaal^ native, 
accordi^ to whether or not the orsanbm tested produce* acid from g’uctse ; as 
the iDoea«e m H-ion concentration b rar^ greater than to pH 60, tie red curfour 
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developed witt methyl red xs usually faint The ^ oges Proskauer reiction is 
negative titrates are not reduced Catalan is produced and all the members 
that have been tested gii e the ondase mction described by Gordon and 31 Leod 
(I92S) 

Antigenic Strnctnre — Most atteatioa has been concentrated on the meningo 
coccus and the gonococcus The meningococcus has been divided into four anti 
genio types— Types I II III and IV (see pp 53S-9) but the results obtained 
depend largely on the source from which the strains are obtained In epidemic 
times most of the cocci isolated can be readily typed but strams isolated 
from sporadic cases in non epidemic times ate frequently inagglutinable with 
anv of the type eera The gonococcus is even more irregular clear types ore 
difficult to establish The majority of the strains appear to be related anti 
gcaically and to fall more or less into one or other of two groups (Atkin 1925) 
(see pp 615-7) Little work has been done on the other Gram negative 
COCCI one ol the chief reasons for this is that most of them are auto agglutinable 
and homogeneous suspensions cannot be obtamed The complement-fixation test 
howcv er seems to show that there is a group relationship between N catarrhal » 
Y pJtiryngia the gonococcus and the menrngococcus (see Oliver 1929 Price 1933) 

Studies on the d emicnl/mdiorutiton of these organisms arc still id tbeir infancy 
Boor and Miller (1931) and 'Miller and Boor (1931) aropltOing the work of Zoraya 
(1931) and Zotaya and Wood (1932) (see p 539) have extracted nucleoprotems 
and polysaccharides from various memben of the group By the precipitation 
reaction it was found that the sucleoproteuu from the meningococcus the 
gonoeoccos and A catanhalis sot only resembled each other closely but aUo had 
an affinity with nucleoprotems extracted from pneumococci Polysaccharides 
prepared from the memngococcus and the gonococcus reacted m high dilution with 
Type in antipneuffiococcal scrum as well as with antizneningococcal and anti 
gonococcal serum The polysacchande extracted from \ catarrhal a reacted with 
antigonococcal but not with antimeouigococcal serum 

Pathogenicity— 'The zaecungococcm gives rise to rhinopharyngitis to epidemic 
cerebrospinal meningitis and to post basic memsgitis m children by utraspinal 
injection of monkeys it is possible to produce a memngitia with pure cultures of 
the organism The gonococcus gives nse m bumsa beings to gonorrhcaa with 
all Its comphcstioos but it is impossible to reproduce this disease in animals 

Towards laboratory animats all the Gram negative cocci behave in much 
the same way Injected intrapentoneally m large doses into mice or gmnea 
pigs they cause death in 1 to 3 days Post mortem there is a small amount of 
peritoneal exudate and sometimes a little Sbnn deposit on the organs the spleen 
IS slightly enlarged and there is hypencmia and degenerat on of the viscera The 
organisms can be cultivated from the pentoneal exudate but rarely from the 
hearts blood There is little multiphcation of orgamsms msde the body no 
true infection is set up and death ocenm from toxemia A similar result follows 
the injection of heat killed o^msras though generally a rather larger dose is 
needed than of living cocci It seems probable that the toxicity is due to some 
constituent of the nucleoprotein s a« nucleoprotem extracted from meningo- 
cocci and gonococci is almost as toxic to mice as are the dead organisms themselves 
(Boor and 31iller 1931) 



536 




Cu£smuTioN 

Th* Gr&m negative cocci as & group, LaTe been stodied «o iiltle that it a 
impossible to lay down any sabsfactory basis for classification. Apart fcota tie 
meningococcus and the gonococcus, tbe definition of the diSeren*^ speaes is far 
from dear This is dne largely to the fact that the colonial appearances are sub- 
ject to such great variation that the desenpbons giren of apparently the same 
speaes bv different werters are often quite eontradictorr Ihe cultural desenp- 
bous, for example, of ^ edarrhalit are most varied (Ghon and Pieiffer I'XS, 
Dunn and Gordon iL H., von Lmnclsheun Arkwright 1*^, Gurd 

Elser and Huntoon 190^ MarUn 1911, ^setter and Debre 1911, Dopier 
1*^21, Gordon, J E , 1921), and the onlr sound bans for identification of this 
organism appears to be its fallare to ferment anv sugars Again, in Germany 
and Amenca several chromogenic species have been described, formicu s g^nuh - 
vellow pigment, p-odncing acid in glucose, maltose, and sometimes *ucTOse, and 
generally giving a smooth type of colonv In this country a Urge nnmbe' of 
Gram negabve coca have been isoUted from the nasopharvnx giving th» “ame 
Eusar reaebons but quite devoid of pigment Eurther it has been found that the 



colomes formed are sometimes smooth and sometimes rough, and that an organism 
which gives a «mooth colonv on uolabon mav *ub5equeatly give a roush type 
of colonv The differenbabon of tho-e organisms giving ronnh colonies from 
A pfiaryngts ncco is m our eipenence franklv imposnhle (Wilson, S P , J‘*2S, 
WiUon, G S and Smith 

At the moment, therefore, it must be confessed that our ignorance is too 
great to allow of anv sabjactory claanficahon. For provis'oaal purposes the 
classificabon on «ugar reactions mav be used, but this is subject to ««Tere 
limitations BneSy, it can be said that \ ealcrrialts ferments no snrsrs the 
gonococcus ferments glucose, and the meiungococcns giucose and maltose, the 
other nasopharvngeal coca give vaned reaebons, *om» bemg lie the m»run 
gococcus and others aLo fermenting ®ucnKe The DipJococctu cntsia can be 
differentiated bv its fermentation of lactose When fir^t isoUted from the bodv 
the fermentative reactions of the Gram n^alive cocci mav be irregular Nabano 
(1917) for example, found that qmte a nnmber of memngococn from the cerebro- 
spinal fluid of children with meningitis failed on fip't isolation to ferment 
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either glucose or maltose ^Ve oursdves baTe isolated otganisma irosi the Ba«o 
pharynx which fennented maltose, but not ^ncose Other workers have observed 
similar irregulanties m the behaviour of this group 

TVe append a detailed description of K, menitytudts and K gonorrhcsir, together 
with some further notes on their differentiation , descriptions of tho«e Gram 
negative cocci which have received apeeific names , and a table giving particulars 
of the mam differential cntena that have been relied upon by different workers 
in subdividing this group would add our personal opinion that there is, at 
present, little justification for the recognition of separate species among the 
Gram negative cocci of the norma! nasopharynx, with the possible exception 
of N caMrrAnlw We shonld, ourselves, combine the remsinmg types into a 
single species, with some appropriate name such as y phartptgjs, which we might 
define as follows 

Neisseria pharynsls — ^on motile. Gram oegatire diplncoccus, arranged sometimes lo 
tetrads and often in dense clumps. Grows on agar, giving rise to either raogb or smooth 
colonies, which are generally coherent, tenacions, membranous, and friable are difficult 
to emulsify, and are auto-agalutmaWe when suspended m saline Grows in semm broth 
with the production of little or no turbidity, as a rale, and a coar«e1v granular sediment 
not disiutegratmg completely on shaking, a surface nng growth is not infrequently 
fomed, particularly by the rough variants. A yellow ^golden yellow, or grecnish-ycllow 
pigment may be produced, but u variable in its appearance. The sugar reactions are 
subject to vanatioD , glucose, maltose, or sucrose may be fermented with the production 
of acid Aerobic . wiU not grow under etnctly anaerobic conditions. Growth is best 
at 37* C , but will generally occur at 23* C. Non pathogemc on subcutaneous injecCion 
into mice. Urge doses iQtrspentooeaUy may oacra death from toxemia. The species 
IS subject to great ranation in colonial appearance and, apart from the smeoth acd rongh 
types, a smooth variant may occur that is of butyroua consistency and easy to emulsify 
Bsd also a mucoid ranant contaimng capsulated diplococci (Wil«oa, 0 S and Smith 
1929) 

The meningococcus 

Coltarsl Cbarscfcrs — The tneoiogococctu generally gives n«e to a smooth 
typically lenticular colony Atkio (1923), however, and more recently Bake (1933), 
have demonstrated the existeoce of coionisl vsnaots The appesranee of the 
colony depends on the zmtore of the mediom, the Age of the strain, and the aati 
geruc type of the oiganisms Freshly isolated strains of Group 1 generally form 
smooth colomes, which may be mncoid if the organisms are capsubted , on incu- 
bation for some days their edge may become crenated or dentate and secondary 
papiUm may appear on the surface Organisms of Group 11 tend to form rather 
smaller colomes, and may assume a deep yellowish tint o» suitable media Bough 
cc^oraes, which ai« generally snsaUes than those of the suyaeth form, uCteu epyeai 
in strains subjected to laboratwy cultiralion 

On primary leobtioa the mcniagococcua must be provided with such accessory 
growth factors as are present in blood, actum, milk, and other animal fluids, and 
in certain vegetable extracts (Llc^d 1916 - 17 ) After a few generations on such 
an enriched medium, it may sometimes be brought to grow-ou whit arc described 
as oriinary cultnro medm, but its vitaUtj under the*!!* condition.5 w uncertain 
(Mnrray 1929). Growth is usually favoured by the presence of 5 to 10 per cent. 
CO, For pre«crvatJon the meningococcus should be frozen and dneil If this 
13 impossible, it should be mamtamed m a«citic fluid agir stabs or on Dor^t egg 
slopes , the tubes should be corked to prevent ei-aporation and kej t in the incu 
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bator To conserve the nmlence of the organuras they should be sabcidtared 
every two daya on blood agar slopes, or preferablv frown and dried. 

The meningococcus undergoes rapid atttdlms this is re-ponab^e for the 
swelling and losa of staining properties in cultures more than a few hours oli 
ThispropertyisdestroyedbyheatingloGD^C forSOmmntes. Ifth** o’gani.nisare 
suspended in saline covered with toluol to prevent contamination and mcubated 
at 37“* C auto) jeis IS said to be nearlv complete in 4 hours (Flemer ]907o) For 
this reason aD suspensions mtended for agglutination should be in-acti rated bv h^at 

Antifente Structure ~^oon after theag;^ittiastioa test was lotroduad for the idetiU££a 
tioa of meaingoeoca it was noticed that difiereat strains po9 s c»°d Tatying degi»«s of 
agglutjnability KnlBchet (1*I06) who emptoved ^ absorptton test oheereed that tb^ 
was a marknl difference between rtrams uolsted from different wanes, but la was 
unable to claaniv them bv tha rnethod In IdOdEIser and Hantooa found that 49 per cent. 
ofmeDingococciwerema^lQtmabfebyamonoTalent aeruauand that these ina^latiaable 
strains, which thev tenn psendo-memngococc*. exhibited a redaced absceptioo capacity 
thev further divided the pBeudo-mentngoeocei bv absorption into two sab-group*. In 
th* same year Dopter ( 1909) noticed the piesenc* m nasopharvnsea] mncoS of cocci resem 
bimg tbe meningococcus in morphology cultural and fenscntatiog leaoUons, bat differing 
from it in tbeir complete absence of agglatinatian with a meningococtal aerna these 
otganisma be termed parameningococci. Artwrie.ht also m 1909 studied So etiams of 
meningococci from eases occurring m epidetnie aieaa, and 20 rtTaias from sporadic eases 
be noticed uot oolr that by azzlotmation and absorption tbe orgam.<nis oonJi be roujhly 
divided into groops, but that, setologieaUy the sporadic strains tended to dsnate mote 
from the type to which mast strains eonfonsed than did th* epidemic rtrains. In 1914 
Dopterasd Paoron divided theparameottSDcoea mto3 tvpea. z,^ and/ Soooafterthe 
commencemeat of the ITar E31u (idla) esamineddS strauis frt>m 6 epidemic foci. »e.>t found 
that thev fell hr aegla tmatsm into 3 types, I and IS of which l^pe Q was probablr identical 
with Dopter s parametun g ococcna. ^imnltaneoady Arfewrvht ( 19)5) was able to rlassfv 
30 out of 3o strains from ep demie cases into S mam groups. Tvpesl aodU of which Type 
n like 4^^* a Type II corresponded to I>op.er s paramenmgococvua of th* remaining 
5 strains, 3 were difScolt to cLas&fr by aggioUsation. and S we^ interracdiite between 
tbe tiro types. Gordon and Monay (1915) br using tbe sbsorptKm test found that 32 
strains from the cerebrospinal fiotd of epidemic cases fell ehatpiv into 4 group*, whKh 
th^ called Groups I, H, m and FT notie of these groups, Iwwercr showed anvreUtion 
to Dopters parameningococcus. In ISP Nlcrdle Debains and Jouan (1916), nsinz the 
agglntmation test alone were able to classify tbe mcnmgococci into 4 types, caOed ABC 
and D Gordco and Ilarrav s Tvpe I and III strains, as tbev arc now generallv refared 
to. corresponded to Dopter a Ilenmgococcas and to NicoHe Dcbain and Jeman s Type A 
and tbeir Type II and IT strains to \icolIe Deham anl Jenans Tvpe B Y GrxSth 
(191“) WTjrtmg at the Local Goyernment Board bbwateme^ was able to divide bis 
memnrococci into two mam groups br simple agglutmabm, Groupu I and D his Grrap I 
corresponded rou_hlv with Gordon and SlnTTavs Types I and m and his Croup D with 
tbeir Types n and IT Scott (191") emulariy found that bis strains feD m o two group*. 

Since 1918 observations particularlv m the United States have served to 
show that no 'harp line of demarcation cau be drawn between different tvpea of 
memngococcL Branham Taft and Carlin (1931) and Branham (l‘*3'’) it u true 
were able to assign every one of 2"'*J rtnms of meningococci isolated donng a 
tune of epidemic prevalence to one or other of Gordon and Murray’s four types, 
but this was possible only after prolonged stndv involving examination of their 
agglutmability their power to ab«orb aMutimns, and their agglutinogcnjc capaatv 
The lack of stnet type specificity and the readiness with which many rtiams 



ANTIOSXW STRUCTURE OF THE MENl^aoCOCCOS 639 

undergo antigenic degradation, render claasiflcation by sucli means arbitrary and 
unconvincing A change in the strains used for the preparation of typing sera 
can easily result in on apparent change in the type of organism under study 

Further observations by Branham and Cadia {1937) and others have led to 
the broad conclusion that two mam groups can be distinguished by agglutination 
— Group I, which is mainly responsible for epidemic cases and tends to be anti 
genically homogeneous, and Group II which is mainly responsible for sporadic 
ca«es and tends to be antigenicallj hetprogeneooa This concept receives support 
from other methods of study such as chemical fractionation, and precipitation 
and capsular swelling reactions 

The w/iyiSr/fK'ff/jPim'wrt nfactewi has been osod for ctwi/ying meningococci fiicofie 
Dtbams and Jouan (1918) found this reaction less sptnSc than that of agglutination 
whereas Belt (seo Report 1920) and Butter&Id and 1««U (1920) regarded it os more specific 
Evans (1920) studied tho opsonin reactiona of antimeningococcal serum By this means 
she found that G3 strains fell sharply into 4 groups , Uiero were 4 atypical strains A fifth 
group could also he demonstrated, which waa closely related to the other four , its mernhers 
wero able to effect a partial absorption of Iho sera prepared against strsina of the other 
groups 

By chemical fiadion/^ion Raho and Scherp (1933^, 6) have separated three 
fractions from meniDgococci There ts a carbohydrate or ‘ 0”8abrtance common 
to all meningococci and to some other micro orgamsms, which is probably the 
same as that described by Zosaya ( 1931 ) end Zoz&ya end Wood (1932) There 
15 a protein or “ P ” substance, which is also found in gonococci and Type Hi 
pneumococci Tho third fraction ts a sodium salt of a polysacebande acid (Scherp 
and Hake 1933 ) and is responsible for the specificity of Types 1 and III strains 
Store recently hl^nrcl and Rake ( 1912 ) have brought evidence to show that the 
specificity of Type II strains is deternuned by a protein substance There appears 
to be no difference between the type specific polysacchandc found in Types I 
and HI. 

The presence of the poi> saccharide is generally demonstrated by the precipita 
tion reaction, using as antigen a sj^ecially prepared extract of the orgamsms 
Petrie (1932) however, has describe a simple alternative method It consists 
in growing the organisms on agar pHtes contaioiug the homologous immune serum 
Charactenstic haloes develop around the colooiea These consist of a precipitate 
formed by the interaction of the Epecifio polysaccharide, which has diffused out 
into the medium, with the homologous antibody 

It seems probable that the spemiic polysaccharide is also responsible for the 
capsular swelling (Quellang) reaction demonstrated by Clapp, Phillips and Stahl 
(1935) in smooth Group I afrains A similar reaction with Group II strains was 
at first thought not to occur, but further observations by Cohen (1940) have shown 
that certain strains may exhibit capsular swellmg and give a typical halo reaction 
in the presence of serum made with a rapsnlated Group II stram Branham and 
Girhn (1942) have likewise s separate sub group of Group II strains, 

referred to as Group 11 alpha which are cspsulated, give a Quelling reaction, 
and are strongly antigemc, stimulatmg the prodoction of antibodies with a specific 
protective action on mice 

PatliogenlcUy ■— JiEiob — In his ongmal eommiUMcation Weifhselbaum (1887) observes 
that suSeu/aneoiM miection into mice » without affect Injected iniraplturaJly with 0 5 m) 
ofathick8u9pensionfroma24 hours’ agar coKore tho mouse becomes ill, develops paralysis 
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of the hind limbs, and dies m 1 to 2 days. Post mortem, there is a nscid, often hamor 
rha^c, fluid m both pleura] cantics , the lungs are hjpensmic in places and may be coTered 
with a false membrane , the spleen is generally coined and congested The oi^anisms 
are present in enormous numbers in the pns cells of the pleural exudate, and often hat not 
always in the blood and the spleen, in both of which situations they remam mostly extra 
cellular 

In'rapentoneal injection snth the same doso lnH« the mouse in 18 to 24 hours Post 
tnortem, there is a small amount of slichy fluid in the peritoneal canty, containing pus 
cells , the spleen is generally swollen and congested , cocci ate found m varying numbers 
in the exudate, and in small nnmbers m the ^Icen and heart a blood 

GinxEA FIGS —Weight for weight these animals are said to be somewhat more sus 
ceptible than mice (Rist and Pans 19(U) but here again subcntaneous injection even of 
massive doses, fails to give nse to a general infection , at most a small abscess is produced 
/nfmplcvrol injection of 1 ml ofa thick snspension of a young agar culture causes death 
inltoSdaya. Postmortem,theretsalhickexndate poorinfibrm m both pteurnl cavities, 
the lungs are thickened and dark red , the spleen is not enlarged. Cocci are found in the 
exudate but are generally absent from the spleen and heart a blood. 

Inirnperilonral injection causes death in t to 3 davs Post mortem, there u an exudate, 
clear or tnrhid in the peritoneal cavity , on the rolled up omentum and on the antenor 
surface of the liver there is a deposit of fibnn and pus , there are hxmorrhages into the 
mesenteij and into the naeeral and parietal pentoneum . the adremds are vividly con 
gested and may be h.'emorrhagic , the pancreas and sorroundiDg tissues are (edematous 
In the pleural cavities there is often an exodate of elear fluid , the lymphatic glands are 
swollen and congested. Cocci are found in moderate numbers in the pentoneal exudation 
but are absent from the blood and viscera 

SuMural injection causes death in 20 to 24 boon , post mortem there is cedema and 
congestion of the meninges, with pus at the site of injection, there is a large amount of 
clear floid in the pentooeum freefromcoccifAIbiecbtandGbon 1901] There is no multi 
plication of organisms u the spinal flmd itself 

Rabbits — Subcutaneous, intrupteoral and intrupentoneal injections are generally 
withoot effect. 

Inlractntms injetlton with 1-4 mL of a tluch snspension of a young agar culture kills 
the ammals m 1 to 4 days. Post mortem, apart sometimes from a few areas of congestion 
in the lungs there is nothing sbaormal to be found lio cocci are present in the blood 

Sub-dural injecltm mto the ekuU occasionally causes death. Post mortem there is 
congestion of the memnges the cocm may bo recovered m culture (Weichselbaum 1887) 
IntracuUrnal injection by the sob-occipital route is stated to give nse to cerebrospinal 
tnemagitta (Brauham. and X,dlie 1933 Zdrodowski and Vocoome 1932) To achieve success 
Tirulent cultures and young rabbits <1 300-1 500 gm ) are desirable. The disease may 
be acute and prove fatal m 24 hoinB. or sub-acute and cause death between the 2nd and 
7th days Climcally ngidity of the neck, retraction of the head, spasticity, and sensitive 
ness to touch, or progressive paralysis may be noted At necropsy the brsm and cord 
are markedly hypcRemic and are covered with a thin layer of purulent exudate The 
cerebrospinal fluid may be almost dear turbid or frankly purulent Slenmgococci can 
be recovered from the spinal fluid and nsuaOy also from the blood. 

Dogs — W eichselbaum (18S7) stated that he had succeeded fay sub-dural injection, 
m producing a pachy and lepto-memngitis with acute encephahtis , death occurred from 
a few hours to the 12th day after inoculation 

Movkzts — ^Von Lmgelsheim (lOOa) was apparentlv the fir't to reproduce the disease 
ID monkeys. After mtraspinal iniectiwi one monkey became 0 in C hours , there was 
retraction of the head and opisthotcmos, and death took place m 30 hours. At necropsy 
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tie pw mater wm turb d along the Tcaseb with here and there email collect one of pua 
Meningococci were found in the pus and m the blood 

Rexner (10076) made a number of expenmenta on monkeys mostly Vocacu* rAe^u* 
After intraspmal injection of ^ to 1 a^r slope he found that the monkeys became generally 
weak and apathetic the head drooped to &s to touch the door of the cage oocaaionally 
however it was retracted death occurred m IS hours to 4 days as a rule and was not 
infrequently preceded by general convuls one Poet mortem the chief les ons were lepto 
meningitis particularly at the base of the brean eaccphahtis and abscesses h'emorrhages 
into the pia inflammation of the dorsal root ganglia and acute endarteritis of the vessels 
The inflammat on of the meninges extended into the membranes covering the olfactoty 
lobes and along the dura mater into the ethmoid plate and nasal mucosa which was often 
inflamed and beset with hxmorrhagea J) pbcocci were /ound in the meningeal exudate 
and in the nasal mucosa but were not cult vated from the latter s tuation They were 
also present in the eero-purutent fluid m the ventricles 

5y giving small repeated doses Flemer succeeded m settmg up a chronic merungit s 
lastingforsereral weeks Fostmortem tberewasabundantexudate nch in meningococci 
the foramen of Afsgendie was closed and hydrocephalus and pyocephalus with ependymitis 
and dilatatioQ of the ventricles were found Neithw m acute nor chrome cases did the 
internal organs apart from the central nervous syaleat show any marked changes Occa- 
s onsUy tho organism is found in tho bbod stream 

Tlexaer found that not all the monkeys developed iho disease. Those that d d so 
generally died within 2 days, or else recovered after asevereilbess Fromhisexpenments 
it IS clear that the disease is more acute in monkeya than m man 

USonald (190S) confirmed Flexnere results in monkeys Though unable to mfect 
rAesus monkeys he obtained successes with CaU iAru by sub dural inoculation of eerebro 
spinal fluid from human cases of disease 

The expenmentel les ons which we have discaased are not produced with the tegubnty 
that one might expect partly because the meningococci tbemeelves vary cons detably 
in Tirulenee and partly because the susceptibibty of different animala— even of the same 
species — vanes within a wide range 

The variations in nralence of the memogococcus depend on the source of origin 
of the steam the length of time it has been isolated the sge of the subculture the 
nature of the medium (ilurray and Ayrton 1924} and doubtless on other factors 
When freshly isolated some strains ore of sufEcieat virulence to Lill mice mocuHted 
intrapcntoncally xn a dose of about 100000 organisms but others are far leas 
^■lnllent It has however been shown by Miller (1933 1934-35) that if the 
culture 13 suspended m a solution of gastne mucm as few as 2 to 10 organisms 
of a highly virulent strain suffice to tiH a mouse By frequent mouse passage 
using organisms suspended in mucin a given strain may be kept at its maximum 
degree of v inilence Alternatively it should be frozen and dned 

Tozm Production — ^Flexaer (l907o) pomted out that one of the earliest results 
of JDtrapentoneal inoculation, into guinea pigs was a marked fall of temperature 
This 33 not the normal course in an aente infection and he was led to conclude that 
the animals died from the effects of a poison liberated from the bodies of the 
orgamsms Albrecht and Ghon (1901) found that filtered cultures were without 
effect on mice but that 24 hour ^tniea heated to eS” C for I hour when injected 
intrapentoneslly into mice produced deatti with the same picture as that found after 
injection of hvingeoccj Subsequent observers hai e found that the dose of dead and 
of living organisms necessary to kill tmee w practically identical Thus ^ eill and Taft 
(1920) found that 4 000 million hving oigamsma injected mtrapentoneally killed 6 
outoflOmice whereas thesamedoseof dead eoccikiUedSoutoflO M H Gordon 
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(see Report 1920) showed that when beshlj isolated the living cocci were fatal 
in smaller doses than the dead coca but after subculture for some time m the 
laboratorj-, the lethal doses tended to approximate Petne (1937), who has made 
a careful study of the endotoxin, finds that its effect on animals can be reproduced 
by injections of other Gram negative cocci, and that it belongs to a group of non 
specific, non antigemc, thermostable, bacterial poisons. 

From these results, and from the fact that m nnimnla dymg from mjection of 
Uvmg COCCI the blood and viscera ate frequently sterile, it would appear that the 
mam cause of death is a tozsemia Flexser (1907a) found that menmgococci 
undergo very rapid antolysis in culture , as a result of this the endotoxins are 
liberated from the bodies o! the organisms, and it is these which are responsible 
for the pathogeme eSects in animals This view is sub'^ntisted by the frequent 
occurrence of hsmoirhages on the ecrons membranes, of stenle transudates m the 
cavities of the body, and of the adrenal hsemonhages which are found both in 
animals and in human bein^ dying from the disease (Maclagan and Cooke 1917, 
Petne 1937) 

The endotoxm can be extracted from the bodies of the meorngococci One of the 
simplest means (M H Gordon see Report l920)t3tognQd(H).> gni.ofdnedeoeainansgat6 
mortar with 1 2SmL of distilled water, to which after a few minates 1 25aL ofN^'taOH 
are added , the gnnding is continued for about a minute. The cocu pass into aolutioa 
OD the addition of the alkalu TheM.l-D ofthefiuid thusobtainedisgtoenlly 0-1 to O’lS 
ml — that IS an amount corresponding to about S mgm of the dned cocci (ee« also Petne 
1937) 

Though most workers hat e regarded the toxin of the meningococcus as essentiallv 
an endotoxin there seems to be little doubt that under certain conditions it can 
readily diffuse out into the mcdiimi According to Ferry, Norton, and Steele (1931), 
hormone broth cultures of pH 6 6 incubated for 4-6 days contain a filtrable toxin 
specific for each of the serological types of meningococci, as well as a group specific 
toxm common to all four types Feirv and Schomack (1931) and Maegraith (1933) 
faa%e shown that these toxms, when moculated bv the intracistemal route 
into guinea pigs, give nse to convulsions and death withm 24 hours. It would serve 
no useful purpose to discuss bow much of the toxic activity of these filtrates is due 
to substances secreted by the hnng organisms and how much to substances liberated 
from the dead oiganisms There is evidence that the polysacchande found m 
Types 1 and III is coluhle m suitable media (Petne 1932, Kiikbnde and Cohen 1934), 
and It may be that the nucleoprotem to which Boor and Miller (1934) asenbe the 
toxicity of the menmgococci is likewise soluble to a greater or le« degree The 
main conclusion IS that for laboratory ammals dead coca are almost as fatal as hving 
cocci and that the tissue reactions are determined by toxic substances hberated 
from the organisms either before or after Ihar death (For a review of the meningo- 
coccus see Branham 1940) 


Keissena meningitidis 

Synonym* Xlenmgococens , i7ij>2b«KCK* tn/nKelliilan* fnemnyilufM of Weichselbaum. 

Jsolaiion. From cerebrospmal fluid of patioits with meningitis by Weichselbamn in 

1S87 

BabUuL Stnet parasite , found in nasopharynx of man. 
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Morphoh^ —Oval or spherical cowa^ 0 8 X 0 6 /i, often arranged in pairs, with adjacent 
Bides fattened , long axis of oval liea at nght angles to axis joining the tiro cocci 
In cultures great variation in bro and m depth of staining occurs, due to 
autolysis m the body the cocct ate more tegular and are generally intracellular 
Non motile f non capsulated Gram negative 
Serum A^r Plate — 24 houn, 37*0 Bound convex, bluish grey, translucent, amor 
plious colonies, 1 mm in diameter, with amooth, moist, glistening surface and 
entire edge, consistency bat3nou8, easily emulsifiable Colony is typically 
lenticular Later, colonies increase in Btte, become more yellow and opaque, and 
may show a granolar centre, end a radiate penphery 
Serum Agar Slope — 24 hovrt 37* C Idoderote, partly confluent, raised, greyish yellow 
growth with smooth or irregidar surface due to imperfect fusion of colonies edge 
1$ undulate or made op of single coloniea 
Gelatin Stab — No growth 

5eni»i JJrofA — 24 hourt, 37® C Poor to moderate turbidity with slight granular or 
viseous deposit No surface growth 

— Highly susceptible to inimical agencies When dried, and kept at room 
temperature, cocci die m under 3 hours Killed by moist heat at 65® C. in less 
than 5 minutes Killed by 1 pec cent phenol in 1 minute and by 0 1 pet cent 
UgClj almost instantaneously Sealed cultures kept at 37* C often bve for 4 or 
6 weeks, and occasionally for 2 or 3 months hut when kept at room temperature 
they generally die to a few days 

ilelaholitm — Optimum H ion conc«itTatiOD is pH 7 4-7 6 Optimum temperature for 
growth la 37* G , little or no growth below 30® C Pails to grow on plain nutrient 
agar, but grows on trypagar, glucose agar, and agar to which blood serum or 
ascitio flmd has been added Some strams show a slight formation of yellow 
pigment Aerobe, nogroivthunderttncUyanaerobicconditions , growth favoured 
by 6 to 10 per cent CO^ Produces a weak biemolysm 
Bioe^emun^Produees acid, no gas, in glucose and maltose. No change in litmus milk 
Catalase-f, methylene blue reduction + MB — or weak -f- • ^ P — .mdole 

Anligemc Slruclure — Divided by s^IuUnatioa and absorption of agglutinins into two 
mam groups. Groups I and tf Some wodeers dmde Group I into I^pes I and 
HI and Group II into lypes H and IV Croup II tends to be more heterogeneous 
than Oronp I 

Palhogenieily — Besponsible for aporadjc and epidenuo cerebrospmal meningitis in man 
Espenmentally, it is pathogenic to mice guinea pigs and rabbits, if injected 
uitrapentoneally in fairly large doses , causes death by toxiemia in I to 4 days 
there is little or no multiplication of the organisms m the body 

The Gosococcos 

Cnltnral Characlers —In culture the isolated cocci are round Accorieng Vo 
Neisser (1882), as the sphencal cocoas grows, it becomes oval , division occurs, 
and two cocci are formed, which cling closely together These then separate a 
little, and each one grows and divides again, but in a plane at nght angles to that 
of the first division, bo that tetrads re^t Each member of the tetrad divides 
in the same plane as that of the first divisioB The result is that four pairs of 
cocci are formed 

The gonococcus is the most difficult member of the group to cultivate It was 
first grown by Leistikow and Loeffler (I^istitow 1882) on blood serum gelatin at 
37® C , and byBuimn{1885a)fir3tonco^giilatedbovme or sheep serum at 30®-31“C , 
and later {Bumm 18856) with more success on coagulated human serum Since then 
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a host of other medn hare been intzodneed refereac* mar b«^ made to a fe*- 
(Wertheun 1891 Kiefer 18^ 'Wassenaann 1^ Thalmaan I'KO Ljp<''atr 
Martin 1911 ledderl915 Hall 1916 Cole and Dord I**!? Thomson 1917 Clari 
19^ Swartz and Dans 19^ Bnschie and Lanset IS-’l CooV and ‘^>affo*d l'»‘''l 
Jenkins 1^*1 1922 Co*ta and Borer 1922 Enclson and 1922 Kaadiba 

1922 Lorentz 1922, Torrej' and BnckeH 1922<i Toner rt al l5->’ Macnac;^ on 

1923 Lebcenf 19-'>4 Go-don, J 19--X*) 

\cccBdmg to ^ordelb, Mirareat a&d \(^n>ai (1®-*) eawEent nediSHa res:d.s 6oa 
addin^tOBatnenta-vJ pereenLoflirereitraet. 1>nenr<rt _ 

oi liT^ m 5 per <ent. \*C1 fetation for «-l boon a -45* C, raiaa^ the Utafershne gcntJj 
to CO keeping talGO C. for 10 nainnles, and £l.«ia^£r«t throarb paper then throoah 
a Berke'eld candle The liver eitract, if kept m tbe Mie^cbeft resnaic* potent fcr mcenhs. 

is the re«Tilt of long expenence^m zotituie cnltiraLon, McLeod and his ct^ 
leagues (1934) recommend the nse of 10 per cent, heated blood aear of pH 7-i 
prepared from broth in which the eztiactJin of the meat has been earned oat br 
Wnsht s (1933) method. The tmnimam amount of a'-ar co!i£i5*ent with ctabllitr 



iSQsed The cnitnres are incubated m air co''tamtnc‘^ pec cent CO*. Foro-diriarr 
pnrpo-«e3 a satefsetorr tnedions is provided br entnent anr co-'jrmn® 
10 per cent ascitic or hrdrocele fluid and harms a pH of " 6 the o 

plates chould be moist and the air in the incubator .iouki be S3tui3.ed with 
water vapour cultures are best tep* m » simHar medium co~tainmg 

0 <5 per cent, agar and put up in the fo-mof «tab8 these tubes s^'cald be corked 
and kept in the incubator Media with a h_h amino-aad coneentrat’on a-e not 
usnally satirfactoiy (To-rej and Buctdl 1922a Go-don, J and M I/’od 
but the a<^dition of — SH group* is beneficial (Boo- 1942). Glucose does not im- 
prove growth. 

Nnmerons workers (de Chnstmas 189* yasse-Tfiarm Ijp<hu.z 1994 

Gurd 1908 Marfin 1911 Cohn 1923) hare noticed that the cultural chaacter* 
of the gonococcus are «ubject to vasiatioa. Mme recenJr .Atkin (1925) has stuiLed 
this phenomenon and found-thav, as with the meningococca*, there is a definue 
correlation between the «erological type of the o»<mni=m and its colcsnal appear 
ance. Bj growing gonococci on thicl: trrpaimT plates of pH 7 a h* observed 
two diflerent types of co’onr Type I gave a lar^ ineguladr round nanenid, 
tranJucent colony with an undulate edue and a «ui^cc that in 5 days o so 
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became covered with papilks , T^pe 11 gave a smaller, round loiv convex or raised, 
yellowisb white, opaque colony, with a slightly uneven surface and an entire or 
faintly lobate edge , no papiUjo were formed Serologicallj , colonies of Type I 
could be differentiated from those of Type II Atkin found that the orgamsms 
m the papiUas of Type I colonies lived about twice as long as did those in the 
flat part ^ he therefore concludes that the papiU-e arise as a reaction to an un 
favourable ca%nronroent, and represent the first step in the change over to Type II 
In some colonies the papill® actually fuse together, so that they constitute the 
entire colony , the papillatcd appearance is thus lost During the course of 
subculture in the laboratory, there will be a constant selection of the longer hving 
organisms m the papiU®, so that eventually the strain will consist entirely of 
these orgamsms , when this process is complete, the strain will belong culturally 
and probably serologically, to Typo II Type I colomes are usually observed 
when pus from acute goaorrheea is plated out , Type II colomes are usually found 
ffl old laboratory cultures, or occasionally m chrome gononhcual lesions 

Atkm would regard Type I as being highly parasitic and Type II as a more 
saprophytic form of the gonococcus Though he obtained evidence that, in the 
laboratory, Type I strains gradually acquited the properties of Type II strains he 
was never able to follow the complete transition , probably this is a matter of 
months or years It must not be supposed that gonococci can in practice be 
divided sharply into two colonial types , between the two mam types there are 
probably numerous sub types, each lepreseotiog one stage in the process of trans 
itioa This accounts for the numerous arbitrary subdivisions that have bees 
made on serological grounds by different workers (see below) But, broadly speak 
mg there appear to be two mam centres around which the different strains may be 
grouped , the type stmnscaabe differentiated both bycolomal form andserological 
behaviour In these respects the gonococcus closely resembles the meningoeoceua 
Antigenic Structure —AflaurnSs-noM — The serological study of the gonococci may 
be said to have commenced with Bruckner end Crut^anu s work m 1006 (1606a) Using 
immune horse serum prepared by the injection of pure cultures of different Btrains they 
found that the gonococci were agglutinated to a titre of about 1-750 A close relationship 
was established between the gonococcus and the meningococcus both of which were 
agglutinated to nearly equal titre by a gonococcal aerum (Bruckner and Criateanu 16066) 
Vannod in the same year (1006) found that unmune gonococcal rabbit serum contained 
agglutinins for the gonococcus and to a less extent for the meningococcus Torrey (1907) 
was the first to use the agglutination test for the serological differentiation of the gonococci 
Working with 10 different strains and 8 immune sera he found that there was a difference 
m the agglutmability of the gonococci , and in conjunction with the absorption of agglu 
timna test he was able to divide the 10 strains into 3 groups Such a differentiation was 
ofiviousry of interest 6u< many BobseqweQi wurtvrer Suhd 6a iwttffmr CJcr {WcEstetn 
1907, Vannod 1907, Thomsen and VoUmond 1921, Cook and Stafford 1921 Warren 1921) 
More recent work has however, tended to show the essential oorrectness of Torrey s findings 
Thus Pearce (1915) drew a dutinction on the basis of direct agglutination between strains 
of gonococci isolated from m^nte— vulvoraginitM and ophthalmia — and those isolated 
from adults — acute urethntis Herroaiuee (IWla) studied 85 strains, and using the 
absorption of agglutinins test he was sWe to dassify them into 6 types, of which Types I 
and n contained the greatest number* Lator he subdivided his Type 11 etrama 

into 4 races, a b c, and d He found * considenibte amount of lability in the antigemo 
structure of these races , some were simple while others were more complex Jotten 
(1921), by direct agglutination classified 20 out of 27 Btrains mto 4 groupa A B, C, and 
P , 7 remamed ungrouped The Btiauifl falling into Groups A and B were mostly from 
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eerere c&am of disease with comphcaboos those falling uito Groa^K C sod D were mostlj 
from fiunple cases with no comphcabons. He therefore eet&blisbed a eOTrelsttoa h^ween 
the ^luti&ability and the vinileiicecr ha strains. Tort^ who together with Boehell 
(19226) again studied the problem of agglotioatioQ was able to a extent to conSna 
bis ongmal conclus ons. They used 77 stiams of widely separated onmn. By simple 
agglutination they were nnabls to obtain any defimte gtoopusg, bat on the of ateQTp> 

tion tbev found that their strama could be dmded into 3 groups, which they railed regular 
intermediate, and i r regular The regular strains were most generahxed as regards antigenic 
properties the mtemediate strains were dosely related to the regalar types irregular 
strains exhibited marked indindnal Tamtions. The regular strains were the most complex 
antigeiucaQv and appeared on the whole to be men Tim^t for man the uregalar strains 
were less complex and appeared to be le» nmknl These finding are analog^ to those 
of Griffith with the meningococcus. Totrey and BuckeU howeter point out that the 
antixemc structure of the gonoeooci is raruble and so prone to tndividaahstic expressum 
that grouping of the organisms into sharply defined types is not warranted. 

TuUoch (1923(1 6) studied 100 strains of gonococci. By simple agglutination be 
obtained no direct endence of grouping bnt by absorpttoa be was able to clusify them 
as follows 

Type I -2 

« I 7 

- I 3 

H I 5 

I 5 

Unplaced 8 

It will be seen that he classifies 93 per cent, m one group, of which 72 strains &I1 into 
one tub-group. ToUoch states that Gordon found 2o out of 30 stmns by atacnrpuon of 
•gjlutimns to belong to a well.defincd snVgroap 

Atkm (1925) was able to classify gonococci mto two serological trpes. Host strains 
uobted from cases of acute urethntis conk] bo classified in Type I whereas strama isolated 
fromchromcmfectioa such as cematis or ailbnt^ generally belonged to Type IL Many 
strains agglutinated to a giester or less extent with semm of each type. Atkin suggests 
that in the body doiiog the proces of a chronic infection, or m the laboratory during 
long periods of sabcuIUTation. Type I may gradually change into Type II. The evidence 
for this, howerer is admittedlv inconclusiTe Atkm s work does seem to reconcile to some 
extent the varying results of different workers, and to agree m particular with the findings 
of Toirey and BuckcIL 

^ummarmng we may say that the serological classzficatioa of the gonococcus 
IS beset with difficulties that there are probably two main types, of different 
d^rees of antigenic compleutr that between these two mam tvpes there arc 
a number of mtermediate tvpes containing one o* more antigens common to both 
mam tvpes and tbat recently elated vtiains from acute forms of the disease 
appear to belong chiefly to Type I while old laboratory strains or strains isolated 
from chronic disease tend to belong to Tvpe II 

PreeiFituis — Torr^ (190") prepared a precipitmoreo by filtering a S-wetis 
broth culture through a layer of sterile talc on filter paper IVith this be obtained 
a prempitm reaction with unmuiie gonococcal rabbit swum. Bruckner sod 
Cnsteaim macerated a culture in 0-15 per cent. 'NaOH which dissolved the gono- 
cocci in a few minuta the sdution was filtered through porcelai n . They found 
a cl<Ke relation between the gonococcus and the meningococcus thus anti-goooeoc- 
cal horse scrom contained preap tms foe both otganisma sunilarly with anti 
neoingococcal goat serum. 


ntaiQ sub-group 
leaser 
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Fatbogezucitr — ^The gonococcus is not only a stnct parasite, but it is a specific 
ally human parasite Of the cumeroos attempts which hare been made to 
reproduce gonorrhcea in animals other than man, not one has been successful 
(l<istilow 1882, iieisser 1882 Cumm ISSSo, Skicolaysen 1597) beithermocnlation 
of pus nor of pure cultures on to the mucosa of the urethra or conjtmctna giresnse 
to disease, even in the anthropoid apes. Experiments on the lower ammals, how 
e\ er, have shown that the injection ^ gonococci directly into the pen^oneum or the 
blood stream fiequently proves fatal, and that severe local inflammation may be 
set np by injecting the organisms into the anterior chamber of the eye or into a 
jomt cavity 

Mice.— iSuteuAmeoM mjectioB of pure cultmes « without effect Tnlropentantal 
mjectioD of a saline suspension of a young serum agar cnltme is often &ta] m Si boms. 
Post mortem there is slight congestion of the pentoneam, and sometuses a small amount 
of voseons ezudste eontaming pas cells. Gonococci are found m varying numbers, both 
mtrs and extra cellular in poatioa They may frequently bo cultivated from the pen 
toneam and occasiottally from the hearts blood. With smsScr doses, many of the mice 
do not Buccnmb for 2 to 3 days , at necropsy in these mice it is rare to find g o nococc i 
microscopically, and cultmes are Doiformly atonic. Some mice survive without showiog 
signs of illn«a. Almost exactly the same results follow the mi'ction of cultures which 
have been LiHed by heating to 70* C (or 1 hanr(Wassermann 1S93). There u no mcrease 
of nruJenee by passage 

Gccrxa etoa . — Inlrapertlontal toiection of S mb of a 6^ys serum broth cnlture 
(Nicolajsen 1S97) or of a S-t-hours* growth on a Blahs hottls of serum glucose agar (WoU 
stem 1007) kiHs the animals m 24 houn as a rule. Put mortem there is congestion of the 
serosa with small hmorthagea , a btUe cinr or turbid fluid in the pentoaeal canty, 
(edema of the pancreas and eurroanding tissues, congestion or hmocrbage into the 
adrenals a layer of fibnn and pat over the liver spleen and osenram , sometunes dear 
fluid in (be pleural canties. Films from tbe pentoneam and omentam show varying 
numhers of poljcicrrphonucleata, and diplocora otuated intn and extnHreUulariv 
Coltnivs from tbe pentoneam are geoeraDy positive. It will be seen that the post mortem 
findings are simtlar to those foQowujg injection of gnin«a>piz3 with meningDcocci , as a 
rule however larger doses of gonococa are teqaiied to produce the same effect. After 
some geoerations in nlro the gonococci lose tbeir vinileDce, and become umocuom to 
gainea pigs 

Rssbits — Suhrtitonams injectioa of 10 ml. ol a 4 to fl^days* serum broth culture 
(Maslovsbi 1900) gives nse to slight inflammatory svelltog after 24 hours , later suppuration 
occurs, so that m 10 days a small abscess is formed, containing tbirh, stenls pus. Tbe 
temperature nses somewhat, and the animal loses weigbL The same result follows tbe 
mjection of heat-killed eultuna. Smaller doees are without effect. 

Inlrapenloneal injection of large doses of go n ococo, washed off young serum agar 
cultures, hills the animal in 24 homs. Post mortem, there u some pentoneal reaction, 
and the organisms may be cultivsted from the pentoneam and occaaonallv from the 
bearts blo^ Bruckner and Gnsteanu (1906c) claimed to bare raised tbe viniteiico to 
such an extent that a rabbit injected intrapentoneally with 1/SO of a serum agar slant 
died m 2 10 hours. These resolta have not been confirmed. 

Jntraienoui injection produces fatal resulte with smaller d(»es. Tbe gonococci maybe 
recovered &Dm the blood after 24, eometunea after 4S boors. Tbe results of different 
workers are, however at variance Vaimod (1907), for example mjected Irving cocci 
in a dcee of 5 ml of an asciUc peptone broth culture intravenously into rabbits, and obtamed 
practically no reaction. 

Ma£loT5ki(1900) injected a few drops ofaS-day’s serum broth culture into tbe anterior 
chamber of tbe eye of rabbits. The following day there was diffiise turbidity of the cornea. 
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accompanied by hypopyon , in the pua cells gonococci could not be detected mictoscopie 
ally, but could be cultured for the first two days 

■Nieol&ysen (1897) injected an aquecnia suspension of gonococci into the knee joint of 
a rabbit Arthntia followed with abundant pnniknt eiudate, which persisted for a week 
no oigamsms could ho demonstrated m it, however The same result occurred when a 
culture killed by heat at 70“ C for 1 honr was injected 

From those results it is seen that the gonococcus does not Jive for Jon" in tJie 
anunal bodj*. cultures are rarely positive after 2 days, and then only when the 
injections are made directly into serous canties or the blood stream In fact 
It IS doubtful whether true proliferation occurs at all De Christmas (1897), for 
instance, found that if the cocci were introduced, enclosed in collodion sacs, into 
the peritoneal cavity of jaboratory animals, they failed to grow The reaction 
following the injection of gonococci is due tJierefore, not to a true infection, but 
to a toxic action of the organisms ’Hiat this is true is abundantly cleat from the 
numerous experiments on gonotoxm 

Toxin Frodaetion — ^De Christmas (1897, 1900) recorded erpenments from which be 
concluded that the gonococcus forms a true exotoxio Dia results have not however, been 
confirmed by other workers. Wassennann (1898), for instance, found that heat killed 
cultures were as fatal to mice, injected intraperitoneally. as living cultures , on the other 
hand,filteredeultures proved innocuous. unleS^afiltrateof aZtoSweeks culture was used 
even then, thefiltrato was never as toxic as tbo whole culture grew the gonococci la 
Sdpercent sseitio broth in a Chm Uyeroffloid lofist bottomed fiss^ Afteraweek the 
COCCI were collected, dried, and ground in an agate mortar , weighed quantities of the 
powder were sospended in water, and stenlixed by steaming or m the autoclave Injected 
intrapentoneally into mice this powder was fatal m a dose of 0 01 gm , death occuinng m 
24 boim j>r later Injected into rabbits or guinea pigs subcutaneously, it caused wide 
spread doughy infiltration, often passing on to necrosis Injected into the anterior chamber 
of the eye of rabbits, it caused corueal tnrbidity, hypopyon, and sometimes complete 
destruction of the eye He was unable to extract tbe toxin by beat, by distilled water 
or by N/10 NaOH , the cocci eliU retoained toxic The toxin was not destroyed in the 
bacterial bodies by drying or by heat at 120“ C , it was not destroyed by absolute alcohol, 
or by prolonged boiling , nor was be able to unmuoize rabbits or mice against it These 
results point strongly to tbe conclusion that the toxin is an endotoxin — a body contamed 
in tbe cell snbstance, and adhering strongly to it 

Schaffer (1897) found that filtered ascitic broth cultoree. 2 to 6 days old, were without 
effect when injected in large doses— 3-10 ml — into guinea pigs and rabbits, filaslovski 
(1900) likewise found that the filtrate of a O-days’ eeruin broth culture, injected subcutane 
ously into rabbits, gave nse to nothing but a ^ht nse of temperature and loss of weight 
He coneloded too Ihst the toxic eubstance was an endotoxin Scholtz ( 1900) came to the 
aame conclusion On the other hand, Vannod (1907) working with filtrates of 17-20 days’ 
cultures in de ChnstmM’s medium— concentreted veal broth containing 75 per cent of 
ascitic fluid— found that they were fatal to labbite injected intrepentoneafly Tost mor 
tern, there was a purulent effusion info tbe peritoneal cavitjr , the serosa was congested and 
covered wifhpurulent deposits, the suprerenals were eaUrged and hypeiwnnc. Vannod, 
however, used large and repeated doses— « toUl of 18 to 24 tal in JO days to 3 »-eeks 
"We may conclude that tbe gonococcoa contams a tonn which can be extracted 
by grinding the dried organisna and anspendmg the resultant powder m water 
In cidtures'in fluid media tbe toxin may be bbetated from tbe cocci by antolyais . 
after 2 or 3 weeks’ incubation, the organisms may have autolysed to such an extent 
that a certain amount of toxin may he present in filtrates of tbe cultures The 
available evidence leaves little doubt that the toxin belongs to tbe class of so called 
endotoxins 
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Keissen& goaorr&ces 

Synonym. — Gonococcna. 

/wiarion.— Hret descnbed by N«asw in 1879, fiin cultirstcd br Bnima (18S5a, 6), 
and Leistikow mnd Lo«Ser (Lristikov 1SS3). 
habitat— Stnct par»«it« of man. Found u Enuto-tuuiaiy of pati«ata nflejng 

bom goQOiThce&. 

Mer^oloyy —Oral or spbenial cocoas . 0-S>i X frtf/i, freqnentlT airaased in pans, anti 
adjscmt sides flattened or sliglttfT eoncarc, re»>mUing a pan- of kidner beans, 
long axis of OTal Des at right angles to ans joining the tiro eocci. In coltmes 
great variation in cixe and in depth of staining oecnrs, doe to aotoljns, in the 
body the cocci arc more regnlar, and are geceraDy mtrscellnlar J.on motile, 
non-capenlated. Gram negatrre. 

Smtm Agar Plate . — 24 Aobm 37® C Roond. convex or eLghtly nmbonafe, greyish 
white translncent, amorjdioas ctrfoniea. 03-1 mm. m diameter, with smooth, glisten 

mg surface and entire edge . consistency bntyrons or ilightlv viscid , fairlv easily 
emslsifiable, Lattf, colomes increase m aue, and nuv develop a roonhened smface 
and a erenated edge. 

Savm Agar Slope — 24 Anars, 37® C Rather poor, partly confloeat, raised, greyish 
yellow growth with smooth snrface. edge entire or formed of single coJomea. 
Consistency often nscid. 

Gelatin Slab — No growth. 

•S’ernrn Brotb . — 24 Aows, 37® C Very poor growth with littJ* or no turbidity, and a slight 
granular deposit, partly disintegraliog on shskmg 

— ^Hlshlr snsceptihle to inimical acencses. When dried, the eoeci snectasb in 
anbooror twa lUDedby moist bentat 55*CmIeas thaoS mmstec, aadat 42® C 
u 5-15 hottrs (Carpenter et cl 1933} In aenim coltnres tbev are kilM 1/4000 
AgNOj in 7| mirmtes, and u pns m 3 minntes. Sealed cnlreres kept at 37® C. 
may lire for 4 or 5 weeks , when kept at room te mp era tme, they die in a day or two 
Mtiabeilim . — Optimom H ion cooeentration for growth is pH 7 5 Optunam tempera* 
tnre for growth is 37* C no growth under 30* C or over M 5® C Fails to grow 
on plam agar as a role , re«^nire3 the pie»ice of serum blood, ascitic floi^ or 
hydrocele flmd, glucose is not beneficiaL Aerobic, but growth u said to be 
improved by a lowered oxvpen {cessore. bv prescatc of — SH groups, and bv 
lOpercest of COj m tbeatmospbere IdttJe or nogrowtb cndeostRctivBsaefobiC 
eonditioM. 

BtoehemieaL — Froduces and, no gas, mghicoee. No change in Ltmns milk. Catalase 
ALB redaction — ILR — , VJ® — , indole — , — 

Anligente ftntefure.— No clear definition into separate serological tvp«s, most etiams 
appear by a^lutination and absorption of agglotmins to b'^Iong to on* or other of 
two rn«in groups . numeroos other teas important groups. 

Pathogenteity — ■Responsible for gouunlnea and ophthalmia neoaatonnn in man. Fxpen 
mentaDv, it proves fatal to rmce, gmnea-pjgs, and rabbits, if mjeeted m large doses 
mtrapentoneally , there is Lttle or bo multiplication of the organisms in the bodv 

Diflerenfaihon o! the Gonococctxs bom the Blemngococcns — ^ilorphologi 
cally the two organisms are very stmilar In the body, both occur chieSy in 
pans situated intracellnlarly It is smnetunes stated that the adjacent sides of the 
meningocora are flattened whereas those of the gonococci are concave, thus 
leaving an oval space between the two oiganisms. Posnbly the menmgococcos 
u slightly larger than the gonococens in the body, though smaDer m a Sl-houis’ 
culture in the laboratory (\?'ollstaii I'm!) CdtursUy tic gonococcus is more 
djagonic , it grows more slowly, forms smaller colonies, and grows on a narrower 
range of media than the meningococcus , the colonies are slightly viscous and do 
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not mnUifv rcadilj , colonics of th« meningococcus, on the other hand, are 
hutyrous and cmnLMf^ with the greatest of ease Biochemically, the memn 
gococcus pToducei acid in glucose and maltose, the gonococcus in glucose only 
as pointed oat on page 531 a medium containing human or rabbit serum should 
he u«ed for testing the fermentation of maltose The nggfutination test is only 
of limited lalue, since there erists a group relationship between the two organisms 
(Druclner and CruKanu ^Vollstein 1907, EI»cf and Huntoon 1909, Gordon, 
M H, 1935) The merungocoecos is more toxic to animals, tested by intra 
j>entonP4l injection on mice or gmnei pirrs a smaller dose of merungococci than 
of gonococci IS required, whether nine or dead, to cause death 

S csUfTbi}is — This ofgio/'fn ha# beea raooasfydescnbed by ditferenc workers 
Ghon and r/ciifcr who first studied it fully, stated that m spatura 

it occurred m pair*, tetmd*, or occaMonally small groups , the orgaoi'tns were 
shaped like eofiee-beans, and were both intra and extra cellular In culture 
they appcaml la^cr, were generally in tetrads, and stained evenly On agar 
alter 21 hours, the colonies resembled in sue tho«e ol Stn^toeocau fyo^tnts 
they were convex, whiti*h grey, with & glistening surface and an eaten edge 
\ltcr 3 or 4 days they were 3 to 4 mm in diameter, and were diflerentiated into 
a prominent, more elevated, opaque, sbghtly browni«h centr*, and a thinner grey, 
tran.«pattnt, wave-like penphery snth a crenated edge the con«isteacy was 
fnahle, and in saline they auto-agglutinatcd A more or le*s eimilar desenption 
was given by ton Lingelsheim (1900), be stated that the colony was smaller 
than that of a menincocoecus colon}, and that e\en on ascitic agar the dia 
meter never exceeded l»2 mm FL'et and Huntoon (1900) de»cnbed two types of 
eolonv, one re«etnb!ing Ghon and rfeiffct's description the other like a small 
memngocoecus colony J E Gordon (1921) described four typea of colony (1) 
like Gliori and PfeiiTcr's. (2j to the first, but coloured polo yellow (3) 

small, flat, grey, tfnn«lacent, amorphous colonies with a smooth glxsteoing surface 
and entire edge, (4) almeeit pinpoint, tniQ<pftreot gbsteoiug colonies with a 
ainpothly rounded edge, morphologically, these coasisled of giant coccj showing 
metachromatic staining It •eems clevr that the colonial appearance of ca/ar 
rhalts » «ubject to vanalion , m all proliability both •mooth and rough types ate 
forme<l, similar to those of the meningococcus and the gonococcus In gelatm 
stab culture there is a poor growth confined to the upper part of the tube , there 
IS no liquefaction There is no turbiditv in broth, but a granular deposit is formed , 
if the tul>e is kept still, a surface membrane mar appear Growth occurs within 
a rangi* of 18’ to 42’ C , the optimum being at ST’ C There is no development 
under anaerobic conditions Growth is favoured fay blood, serum, and ascitic 
fluid, but not fav gfveenne The organism appears to be more resistant than the 
meningococcus or gonococcus , cultures are said to liic for 4 or 5 months at 
21’ C , if procnteil from drying , the organisms may live in dned sputum for 27 
days , they are killed by heating to 65* C tor 20 minutes ?>o sugars are fer 
Diented The virulence oJ this orgauistD to laboratory animals is low The 
rabbit is resistant, but guinea pigs injected mtrapcritoneally with large doses— 
half to one agar slope — die of toxainna m about 21 hours At post mortem there 
IS a mild degree of pentomtis, slight enlargement of the spleen, and hypeREitua 
and degeneration of the vi«cen . the organisma may be recovered from the pen 
toneal exudate, but rarely from the heart a blood Heat killed cultures are almost 
as fatal as living ones 
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K phaiTDSls fisTa, I, il md HI — A Dumber of Gram negative cocci bare been 
described ■wbos© charactenatic feature la the fonnation of greemsh yellow colomm on 
agar or ascitic egar too Lingelsheim (1906) and some other workers hare called 
them ificrecoccus or Dijilococcua ^^ryngxa fawa, and hare diQerenbated them on 
the basis of colonial appearance and sngar reactions into three groups, i, ii and 
lu fSIartin 1911, Report 1916. Dopter 1921). Riser and Hontooo (1909) bare called 
them chromogemc cocci, and hare divided them similarlr into three grouj« », u and 
m, J E. Gordon (1921) has likewise caQed them chromogemc cocci, and has divided 
them into sir groups, i to n Riser and Hnntoon's chromogemc m and Goidon'i 
chromogemc m agree with von Lingelsheim’s jinro iii m fermentmg glucose and maltose 
only , Riser and Huntoon a chromogemc u and Gordon's ir agree vnlh von Icngel 
sheim'a i and ii m fermenting glucose, maltose and 
Ismlose; Riser and Huntoon s chromogemc i agrees 
with Gordon's chromogemc v in fermentmg glucose, 
nialt<Ke. I»mIose, and suetose ; but has no counter* 
part in ron LiugcUheim's clarification. Over and 
above these are Gordon's chromogemc i, which fer- 
inents glucose only, his chromogenic », which ferments 
gtneose and l^rulose, and his chromogemc n. which 
ferments glucose, roaltoae. l«ntIose, sucrose, and lac- 
tose. Rodonbtedly one of the fcaaons for the dis* 
crepaocies in the <ugar reactions u due to tbs fact 
that von laogelsbeuD, who dearnbed the fion group 
md all his reactions after 24 hours > this prohablr 
Fia 113 — \tu4fru2 ph>irynfta explains wbr he rerer observed the fermentation of 
Surface colony on agar, S4 boun sucrose lo colonial appearance ron lengelsheim's 
87*C (X 8) Smooth type fitra t and ui rwemble the meniDgocoeens, and flara 
u A eatanhalta , T2Mt and Hcntcon s chromogeiuo ii 
agrees with ron LingeUheim s flans i and ml Gordon desenbea his organisms as String 
colomea either Lie the raemogococe ns or like N ra/sn-hnlis , his group n gives pale 
yellow cdcinies iarjrer and zuore o/wfue than the others, lo the face of these diver- 
gencies in cultural and biochemical reactions, it is rlcar that no fixed typea can be 
deaenbed. Our own work has shown that the cultural appearances of the Gram negative 
co«\ from the rvaso^iaxvnx are awbject to great Tunatwa, and most wotfceea agree now 
that lETulose is an unreLable sugar Dirjsion therefore of these organisms either on 




Fro 111 . — 'ietiterta pharynyu Fio 115 — t m*reia pAcoreyw 

Surface colonics on sear. 5 dsva Surface colonies on agar, 5 dar*, 
37° C. showing diderentiaboii. 37* C., showing fonnalion of eecon 
Ssc'sods/y TOogi lypefx S) S} 
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colonial appearance or on the basis ol bemlose fermentation js most unsatisfactory 
must await further work before a classification can be attempted 

N phsrynfftj sicca —According to von Lingebheim (1906) this organism consists of 
fine Gram negjitive diplococei On agar it gives nae to an irregularly round raised, 
opaque, slightly yellowish colony, up to 3 mm. m diameter, with a dull, dry, deeply 
furrowed surface, and a crenated edge, the colony is very firm, often adherent to 
the medium, difficult to disintegrate, and impossible to emulsify , it is so coherent 
that it can be picked up bodily von Lmgelslmm says that it produces acid m glucose 
maltose, and l*vulose, but other wutkcn have found that it also ferments sucrose (Elser 
and Huntoon 1909 Gordon J E , 1931) It seems doubtful whether this organism 
should be regarded as a distinct species Out own work sucgests that it is mereli 
a rough vanaot of one of the other nasopbaiyrngeal 
cocci winch ferments glucose, maltose, and sucrose Vie 
have observed the formation by cocci giving these sugar 
reactions of smooth colonies when first isolated Irom 
the nose, and the appearance in later cultures of 
tj'picaUy rough colonies ^RdlstlBgm^babIo from tho«e 
described as being characteristic of it pAarynyis «iccu 

N. phaiyngls cinerea— von LmgeUheim (1906) de 
scribed this organism as consisting of plump cocci 
arranged in paira or more usually loose heaps On 
agar it forms small round, grey or greyish white colonies, 

1-1 S mm diameter, with an entire edge , under a low 
magmfication their colour is brownish and they appear 
coarsely granular Some authors state that the colonies 
are d^, brittle, and opaque (Netter and Pebri 1911} 

It ferments no sugars. T^s organism closely rvsembles 
V eatarrJialia and is probably merely a variety of it , 
it corresponds closely in description to Gordon's X calarrha}!* sub-group IH (Gordon 
J E., 1921) 

Dtploeoceus mucosas — ^Tbis organism, whicb was isolated bv von Lingelshetm (1906 
1903) from the oasopbaryns and cerebrospinal fluid is distinguished by its capsukition 
growth on plain agar, growth at room temperature, and formation of mnemous colomes 
^ncroscopically it consists of small dipio- and tetracocci surrounded by true capsoics 
Colomes are 1 5-4 mm in diameter, convex, yellowish grey, opaque, mnemoos, and easily 
emulsified. GeUtiii is not usually bquefied McParlan 8 (IMl) and Bray and Crmck 
shank’s (1943) strains grew on DfacCOnkey s ^ar fermented glucose only, and did not 
liquefy gelatin. Cowan’s (1939) two strains grew on MacConkey’a agar, produced late 
acid from lactose, and acid and clot in htmus milk Most strains seem to be pathogenic 
for mice The systematic poeiticai of this organism i3 still m doubt It may be noted 
that an organism resembling JJipfoccw* mucosM la not infrequently present m infected 
•wounds and burns 

Diplccoceus erassas — This orgamsm Is not ewy to define It ivas first desenbed 
by Jaeger (1895) as a meaingococens, but os it was said to form long chains m culture, 
to be Gram poaitire in the cexvbrospenaJ fluid and in pure cultures, to be able to grow 
on gelatin at room temperatare, and to be hi^y resistant to drying it is certain that 
it wae not the meaiagococcxia (Jaeger 1903a). On agar it forms rather small, greyish 
white, granular coloaies, 1—1 5 mm. in diameter, ivitb an entire edge Growth occurs 
at 20* G ilieroseopically it consists of plump difJo- and tetracocci, some of which are 
Gram positive and some Gram negative, it ap^iesrs in reabty to be a Gram positive 
organism that is very easily Jecolonaed. Ita sugar reactions differentiate it from all 
the other members of the group, swee m addition to fermenting glucose, maltose, hevu 
Jose, and sucrose, it ferments lactose. It » said to be sometimes agglutinated by anti 
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meningococcal serum (Jaeger 19036, c, ^setter and Debre JOH, Dopier According 

to xou Lingelsheim. (1906) aa antimenincoeoceal senim aggbrtmates I>ip ctsmitj almost 
or quite to litre, whereas an antnerassus seram acglctinates the mnunrococcus to otdj 
3 >j-^ litre According to Jaeger {1S99) dned cahores remain alire for 3 or 4 mouths. 

N. flarescens — ^Thia o^nism ma isolated by Bmoliam (1930) from the spinal 
fluid of a ntupber of patients sofferjng from epidemic cerebrospinal meninsntis. It 
diflers from the meningococcus cktefly is its producbon of pigment, its lacV of 
fennentadee action, and its antigetuc constihition In the spinal fluid it appears 
m the form of Gram negative oval-shaped cocci arranged in flattened pairs , 
individual celb \ ary in sue and depth of staining , giant forms arc common The 
organisms grow well on blood agar and senu-solid agar, but poorly on dextrose asir 
They produce a golden yellow pigment They are without fermentatne action on 
any of the usual carbohydrates They are not agglutinated bv tvpe antimeningo- 
coccal sera, but constitute among themselies a serologically homogeneous group 
Their ability to give nse under favourable conditions to memncitis appears to ^ 
unquestioned 
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CHAPTER 24 
STREPTOCOCCUS 


DEFTfinov — Sirepteneccva 

Spheneal or oToSd cells, an-apged id eliort or long chams, or in pairs Usually 
non motUe JJon sponng Most species Gram positive Some species form 
capsules Growth tends to be relatively alight on artificial media, and some epeclea 
grow poorly m the absence of aidded naGre piotem Several species prMace 
charactenstie changes in media conUimog bleed. Various carbohydrate* are 
fermented xvith the production of acid Most species fail to liquefy gelatin Most 
species are aerobic and facultatively anaerobic , some are anaerobic Many species 
are normally parasitic on man or animals , some species are highly pathogemc, and 
some produce soluble toxms 
Type spoaes Streptococcus pye^nss 

The term Slrepiococeut was first used by Bosenbsch tn J534, when desenbing s 
coccus, growing in cTiains, that had been isolated from suppurative lesions is 
man To this orgaoisni he gave the name Slreptococeiis pyogtnes A chain* 
formmg coccus had, however, been desenbed by Fehleisen in the previous year 
as the causative organism of erysipelas (FeUeisen 1883 ) , and Pasteur, Chamber 
land and Boux, in 16SI, had desenbed a septicsemic infection tn rabbits, resulting 
from the iDOCoIatioa of these aaimels with human sabvs, which probably affords 
the earbest recorded reference to the pneumococcus, although no clearly identifiable 
descnption of this species was published pnot to the independent studies of Fraenkel 
and of Weichselbaum in 18SG In 1887 Kocard and MoUereau reported the eipen 
mental production of mastitis in the cow and goat, by the inoculation into the 
ndder of a streptococcus isolated from the nulL of a cow suffering from that disease 
In 1883 Schuta described a streptococcus that he bad isolated from the lesions of 
strangles in the horse In more recent years, chain forming cocci have been isolated 
from a variety of pathological conditions m man and animals, from the mouth or 
from the faeces of healthy subjects, from milk and vanous milk products, and 
from other sources 

The tendency to grow in chains of varying length gives to the members of this 
group a veiy charactenstie morphology, and they possess m common other char 
acters that appear to justify their inclusion in a amgle bactcnal genus The Com 
mittee of the Society of American Bacteriologists (Winslow el al 1920) separated 
the pneumococcus from the mam streptococcal group, by forming a genus Di-plo- 
coccus, with Diplocatxus -pncfmonKe as the type apecies It appears tn the authors, 
for reasons which will bworoe apparent, thatihis separation is undesirable, and the 
summary of generic charactere as set out by the American Committee has been 
modified m the required sense Aa so modified, and with other minor emendations, 
lucludmg the substitution of Sir ■pijoaenea for Sir hamtiyixeus as the name of the 
type species, the descnption of these geoene characters is as given above. 
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The many attempta that hare been made to eroj^e a sati^actory clai^Scat/oa 
of the streptococci provide an admirable example of the diiBcnlties with which the 
systematic bactenologist is faced As wiH be seen, there is no single entenon on 
which reliance can be placed, even in malaog a primary division mto sub-groups 
that are themsehes to be further divided by tbc application of other tests. Jt 
happens that, in this particular genus, one of the most usefnl differential entena 
IS proi ided by the changes induced by the growing organisms in media containing 
blood , but we shall note that this test, valuable as it is, cannot be too ngidly 
applied Here, as elsewhere, we base to apply a vanety of entena selected, on 
the usual basis of statistical empiricism, as differentiating between groups each of 
which possesses several highly correlated characters Here, as elsewhere, we find 

that the method of anhgenie 
^ analysis u playing an in- 

creasingly important part in 
the differentiation and iden 
* tifcation of those ultimate 



Fid 117 — Str jiyojrtus 

From 2i boors ralture on azar abowing long ebanu 
(X 1000) 


types, or vaneties, for which 
we needdistmgnishmg names 
or labels. 

The most convenient 
method of dtscu^ng this 
problem will be to tale 
vanons characters la tnin, 
and see how far they enable 
us to differentiate between 
one species, or type, and 
another 

ISorphoIogy — Taking the 
genus as a whole, the charac- 
ters that might be regarded 
as supplying posnfale differ 
ential entena are (1) the 
length of the chains formed, 
(2) the shape of the individual 
cells forming them, (3) the 


presence or absence of capsules, and (4) m the light of ceitam recent observations, 


the very occasional presence of flagella 

In the earlier days of bactenology much attention was paid to chain formation 


as a differential entenon, and such names as Slreptoeoccut brenr, S^repfocoenii 


longus, SiTt'ptocoecua longttnmus, and Streplococciis mnghmmtus were corned to 
denote strains with the correspondmg tendeaaes to grow m short chains, long 
chains, or chains which were very long or tangled. It has, however, come to be 
generally recognized (Thalmann 1912, Brown 1919) that these characters are often 
vanahle within a angle strain , so that, while the modal chain length of any speaes 
may be sufficiently characteristic to deserve inclusion m a descnption of the specific 
characters, it is quite nseless for purposes of classification, and nusleading when 
employed for purposes of nomenclature Some speaes or groups, such as Str 
fneumwia and the enterococcus, nsoaHy occur in pairs or very short chains and 
never form chams of any considerable length Others, such as Sir fyogerta. 
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^in, Hie stoiM ot the (ma*ns type. «re mtrleaiy t «mHe .n tits rtspect, 

occumng both as tery short chains, or paiis, and as chains of enormous fen^h. 



Fio 118 — ^indans »ti«pt«coccu 
rrom 24 houn eultu^ in broth, »b««iDs 
«hort rbauii (X lOM) 
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The shape of the individual cocci foming the chain also \ane* and there is a 
tendeneyfor the cells of ahort-chaued streptococci to be ovoid, with the long asiain 
theaxia of the chain \Vhen, as m the pneumococcoa, a siajont^ of the cocci occur 
m pairs, each cell of a pair may be definitely lanceolate, the blunt ends being 
adjacent The individual cells of long 
chained streptococci tend to approach " 

more closely to the spherical form , or 

they may sometimes be compressed m ♦ • • t ’ » 

such a way that the longer axis of the cell 
lies at nght angles to the axis of the chain 
as a whole Cell shape, like modal ebam 
length, may rary from one species of 
streptococcus to another, but it forms no 
better cnterioo for systematic purposes 
Occasional strains may take on a diph 
theroid type of morphology, which may 
lead to errors in identification (see 
Lamanna 1944) 

Capsule formation, when it occurs, is 
of greater value for classification It is 
almost constantly shown by S:r jmeu 
monice when growing within the tissues 
(see Fig 120) and is absent in most other 
species, though not m all Seastone (1951, 1913) howcier, has reported the 
pre«eiice of capsulation in Sif pyogenes danng the fir-l 2~2| hours of growth in 
serum broth, though the capsules has e asually disappeared b> tbeSrd or 4lh hour 
Jlonson (1940) likewise finds that all recently isolated strains of this organism are 


Tig 120— Sir pneumfntiir 
In {’entoTM-al exe Ute of tooase (bowing 
cspsuUtinn (x 1000). 
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capsolated to some degree Capsulation is however, lerj irregular, occurring m 
some types and not m others, and seems to be aSected by the amount of hyaluronic 
acid in the substrate and the amount of hyaluronida^ secreted Generally speah 
mg capsulation and the «ecrelion of hyaluroiudase appear to be mntnally exclusive 
(McClean 1911, 1912), and there is no constant association of capsulation with 
nmlence 

From tune to time, accounts have appeared m the bterature of mot3e strepto- 
cocci, but many of these have been based on somewhat inadequate observations, 
and the genus Slreplococcus has, until recently, been regarded by most bactenologists 
as composed exclusively of non flagellated species It is certain that flagellated 
forma are very rare but two observers {Koblmuller 1935, Powaall 1935) have 
recently given careful and detailed descriptions of motile strains of streptococci 
In each case the organism described was apparently a motfle vanant of the species, 
or group that is generally bnown by the name of " enterococcus.” 

Streptococci stam readily with the ordinary dyes , none of them is acid fast , 
and the great majonty are ^nkly Gram positive Some strains tend to lose the 
Gram stam if decolonxation is prolonged , a few species or vaneties have been 
described as frankly Gram negative 

Cnltnnl Requirements — Some species of streptococa, such as Sir pneumonue 
and to a less extent Sir pyogenti, grow poorly on the simpler media of the laboratorv 
when first isolated though they can usually be tramed to grow on these media 
after a limited number of mbcoltures The growth of these species u markedly 
improved by the addition to the medium of such materials as blood or serum 
A few specie* or type*, such as the enterococci, grow well in the presence of bile 
or bile salts while most do not 

The optimal temperature for growth is, with most parasitic species, in the near 
neighbourhood of 37* C Some species found in milk have an optimum about 
30* C The range over which growth occurs is, for the more Knsitrve species, 
«omewhat restricted , 42® C or thereabouts marks the upper limit , growth is 
usually slow at temperatures below 30® C and often ceases below 20® C Some 
species on the other hand, mcludmg certam streptococci found m milk, grow 
actively at temperatures of 45® C or over (see Sherman and Stark 1931) Such 
thermophibc types are of considerable economic importance in relation to pasteunxa 
tion (see Chapter 93) 

3Iost speciea are aerobic and facultatively anaerobic Some are atnet anaerobes, 
or microaerophibc It will be more convenient to discuss the other characters of 
these anaerobic streptococci, which have not yet been studied m any detail, in a 
separate section of this chapter (p 596) Pneumococa grow best in an atmosphere 
containmg 10 per cent, carbon dioxide , some strains are said not to grow at aQ 
m its ab«ence (see Fleming 1941, Kempner and Schlayer 1942) Glntamine is 
said to be required for the growth of Group A but not of Group B hiemolytic 
streptococci (Ffldes and Gladstone 1939) For a fuller account of tbe growth 
requirements see p 66 

These cultural requirements while suf^Iying useful anciUaty evidence m 
identification, do not, except in the case of the anaerobic species and tbe markedly 
tbermopbilic streptococci afford an adequate basis for any pnmarj* classification 

Growth Characters — On solid media the streptococci tend to form «mall, discrete 
sbghtly raised colonies, 1 rnm. or less m diameter The modal colonial form vanes 
in different species , and it may m some cases be sufficiently characteristic to assist 
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in identification, particularly in tccently isolated strams Many strains of pneumo 
COCCI, for instance, gue cbaractenstic “draughtsman” colonies, with an entire, 
sharply raised edge and a central depressed area A Type III pneumococcui 
frequently gives a charactenatic watery, or mucoid, colony One type of hauaolytjc 
streptococcus gives easily lecognizahle mmute, clear colonies, and so on 

Jlany species grow poorly in gelatin , and in a gelatin stab such growth as occurs 
13 mainly confined to the track of the ne^le The only streptococci, apart from 
some of the anaerobic species, that are known to liquefy gelatin are certain strains 
of enterococci When liquefaction occurs it ta usually infundibuhform m type 
In broth or other liquid media many speaes of streptococci give a granular growth, 
the medium remaining (.lear and the panularmassescoilecting as a powdery deposit, 
or adhering to the sides of the tube Although this type of growth shows a char 
actenstically high frequency among certam species of streptococci, especially when 
first isolated, it is by no means constant , and the degree of granulanty may vary 
over a wide range In some cases a granular depcait may be associated with a 



Fio 111— Sir pyogtnti Fia 122— iSfi' pntumonuB 

Surface colony on blood agar plate, showing Surface colonies on blood agar plate showing 
zone of h'etnolysir round colony (X S) zoooa of djacoloraiios aod partial b^mo 

lysia round colonies (X S) 

varying degree of turbidity of the medium , m others the growth, as a whole, may 
be distmctly though finely granular, the granules remainmg dispersed throughout 
the medium Any one etram may undergo marked changes m this respect on 
subculture , if a stram which, on first isolation, gives a markedly granular growth, 
13 subjected to repeated subcultunDg at short intervals, it is often possible to 
produce a diffuse growth within a limited number of generations Granularity 
13 usually more evident in cultures grown at 37* 0 than at 22® C In all cases the 
type of growth in a fiuid medium la closely associated with the character of chain 
formation A strain which m forming long chama will give a typically granular 
growth, if the growth becomes diffuse it will be found. that the average ebam 
length has dummsbed Those species m which the diplococoal form predommates, 
as for instance Sir pneumoni(B or enterococci, usually give diffuse, non granular 
growths in fluid media. A description of the variations m morphological appear 
ance, colonial form, and type of growth in broth met with among the streptococci 
13 given on page 591 
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Uetabobc Activities — licet of tbe early attempts to classify the streptococci 
were based on their fermentation reactions in an empirically selected senes of 
substrates The bchaMour of the different members of this genus in blood 
containing media has, however, come to occupy so unportant a place as a cntcnon 
for pnmary classification, that it will be convenient to deal with it first 
Classification Based on Changes Prodoced m Blood. 

Blood Plates — ^ilannorek (1895) first noted the ability of certain strains of 
streptococci to Iy«e red blood corpuscles tn mco and in ntro, bnt it was Schott* 
milller (1903) who proposed that the ability to produce hi®moly«is in n/ro should 
be adopted as a differential criterion for purposes of classification He noted 
that certain strains of streptococci produced clear rones of lysis when grown on 
blood agar plates, while others gave colonies which were surrounded by zones 
of greenish discoloration. For the former type Scbottmuller proposed the name 
Sir haitwlyltcus, for the latter Sir undans The«e oh^erv ations formed the bo'is 
of a sjstem of classification and nomenclature which has been developed by many 



Fio 123— 

Deep eoloDT in blood agar plate showing 
wide cone o( complete bamol^is and the 
aharpl} diSerentiated margin of the colony 
^ hsniolysia (X 8) 



fio 124 — ^ iridana streptococci. 

Deep colonies In blood agar plate showing 
tone o( discoloured rells round colonv, 
obsconDg margin, and tone of incomplete 
Ijsis beyond-^ hiemolyais {x 8) 


sub«equent invcstigatore. It has, indeed, been shown that the green producing 
streptococci are not devoid of hmmolytic activity, though the zones which they 
produce on blood agar plates are different in bind, as well as m extent, from those 
formed round the colomes of the frankly hTmolytic strains. ^landelbaum (1907) 
emphasized the importance of microscopical examination of the colonies formed 
on Wood ngar pVatea, and noted that, wVflle the ttdomts of the long pattogtine 
streptococci were surrounded by cleat colourless zones, tbo«e of the vindans type, 
and ako those of the pneumococcus, were surrounded by a zone of discoloured, 
non hiemolysed corpuscles lying immediately next the colony, and an outer narrow 
hjemolyscd rone contaimng only corpuscular shadows 

These phenomena were studied in much greater detaQ by Smith and Brown 
(1915), and by Brown (1919) The monograph by Brown, in which the appearances 
met with and the factors which deteimme or modify them are fully discussed, 
contains an admirable review of the literature dealing with the classification of 
streptococci up to 1919 In this monograph great emphasis islaid on the importance 
of employing a uniform and standardized techmque, and, m particular, on the 
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?upcnonl> of pouzrd phtca and the oWrration of deep colonies, over plates 
winch hare been inoculated by aurface apicadtng onij 

TJie medjura rwomnsc^lod bj Brown consists of teal peptone agar contammg 5 per 
cent of horse blood The agar la stored u tutjes m 12 ml amounts , when required 
for nw? a tube « incIUsI anti cooled to -IS* C , 0 66 ml of horse blood is added and evenly 
miscil with the agar, the metlium »» mocalated with a loop or two of a 24 hours’ broth 
culliire that has Wn so diluted as to give alout 100 colonies and is then ponred into 
a I'ctn dish 9 cm in diameter thus giving a larcr about 2 moi thick The plates after 
preliminary drjlng In the inierted portion with the plate tilted on the hd are incubated 
at 37* C for 24 hours They arc then examined and the appearances noted They are 
re-csammotl aflir nnoUur 21 liom* inealatlon at 37*C and finally after a further 
21 houra in the ire cheat For the recognition of h-emolylie and non hmmolvtic “trams 
m jnmnra mixwl cultures (ho jis* of blood agar plates nith a surface inoeulvtion iisuaUv 
sufiicw an I lias certain advaiitagca, )nt for (lie critical determination of the typo of 
hfrmoh-vs given by any stnin onco it Itos been isolated in pure culture the technique 
rcoofnniendcd by Brown should be atnctly adhered to at least in regard to the medium 
u«ed and tho examination of ilccp colonies The uso of horse blood u particularly impor 
taut Jl is well Vnown tlnit the red corpuscles of different animal species vary widely 
m their rcautanco to diffirent h-cmolytic agents In spite of this fact many workers 
have used the blood of tlie rabbit or ox or some other animal, in testing the hsroolvtie 
aclivitv of TAnous rpcctrs or rtnuns of slrrptoeoccj , and it i» probable that some at 
Wst of Iho discrepancies met mtli m tho litemture sre doe to this ransble factor It 
may, at times be dosimbte to use the blood or red cells of soma particuLir spec es ui a 
given acncs of nb<crvations on streptococcal hxmotysin , but if tho results are to be used 
for purposes of identification or chMsification they should alivays he eontroUed by parallel 
testa TnAde with hoev blood 

Brown records four different types of reaction in blood agar plates, which he 
designates as follows 

d A eomewhit grcenudi discoloration and partial hsmolysia of the blood corpuscles 
immediately surroun Ung the colony, for-oing a rather indefinitely bounded zone I 2 mm 
m diameter outside of which vs a second, narrow, clearer not discoloured zone Under 
the microscope many corpuscles are seen in the inner zone and these are obviously dis 
coloured, (be ilwcoloration varying in degree with different strams of streptococci \ ery 
few corpusclcM remain in tho outer clesrerzone, and these are never discoloured These 
trpiciil appearances may fail to appear after 24 boura, oreven after 48 boars incubation, 
at the end of which time the narrow ooter zone ofitsmolyBis may not have developed In 
such cases this zone makes its appearance during the eabsequent 24 hours in the ice chest 
If a plate which has developed the typical appearances, la reineubated for 24 to 4S hours 
and th''n pheed m the ice chest for a further 24 hours a double eenes of rmgs will frequently 
develop so that the colony is surrounded by a hazy discoloured ring a clear hsmolysed 
nng a second hazy ring and a second cfeat nog By repeating the whofe process it fs 
aomctimes possible to develop three or more senea Of such nogs 

P TbocoIonicsaTOSUiTOUndedbysbarplydefined clear eolouriesszooeaofhaemolyeis 
2-4 mm in diameter Under (he mtcitwoope tto eoipuaeles ean be seen within this zone 
Tho zones of ^ Iiscmolysia develop tnotu rapidly than those of the a: type They are often 
well developed after 18 hours incubation They extend slightly between the 34£h and 
48th hour but show no quaUtative changes They undergo no alteration or extension 
during the subsequent 24 hours ui the ice chest 

o (tt prime) The colonies are surrounded by a tone of bsmolysis which la slightly 
hazy and less sharply limited than uv the case of true htemolyais The colony itself is 
not sJwrply defined and examination with tho microscope shows that the htemolysed zone 
contains thfoaghoutjamodenitenurobwofiinalterBdootpaacles which are most numerous 
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m the immediate neighbourhood of the colmiy There i§ no diaooloration. Unlike th- 
tones of p hsmolysis ft considerable extensKoi of the tones may occur danng the 24 houre 
m the ice-boi It u noted that eome atrains srhidi produce a'.hsmolTOS wi horee blood 
agar may produce tvpica! i bsmolrsis on rabbit blood agar 

Y The colonies derelop in the blood ftgat sntbont ftiiT ehang* m tb» surrounding 
median] 

Tie htemoljtic straina of Smith and Brotni correspond to SchoHmaller’s 
Str htrmdyfiau The a hsmolytie strains maj be regarded as equivalent to his 
Sir nriJanj , though jt may be noted that 'trams arc encountered that produce the 
characteristic green coloration snthont the formation of a detectable tone ©f 
h»molv«is The ngnificanee of the a' type of hsemolysis is not clear It seems 
to be of infrequent occnnence There seems no good reason for attaching th“ label 
y to those streptococci that cause nochange in blood media. Strains of this type 
have sometimes been referred to as ** indifferent streptococci.” 

Soluble frbamolysms. — ^The terms x and hiEinolviia haie attained general 
currency m bactenolomcal bterat nrc and «erve a useful purpose. Jfo effort Em b»en 
made hoirever to reconcile this usage «nth that of the terms “hiemolvtic” and 
*' non hiemolytic *’ as applied to «treptococcL By a “ ha^molvtlc ” streptococcus 
IS meant almo^ alwavs a «t?am that canses hieinolv>us on blood azir. By a 
“ non hff molvtic «treptoco«ru5 ” is meant a 'tram that either produces* hsoolyaa, 
ox gives use to no chang« at aU. Some worhers vould confne tie term “ tasolytic 
etceptococcui,” ox at least the tpeoSc nan* Str XaWytuni* af that b» used, to 
etxains that, u addition to cauasg fi hsmolvas in blood a<*ar, can be shon to 
produce a soluble hsmolrsn. and this u an aspect of the problem that mast be 
discns>ed in more detail 

klannorek { 1 Sd5) fihcnred that eulmrea of certain strains of ctreplocoea la ft fmd medrsa 
had the postvr of Ivsmg added Ucod corpascles. asd Besrvdka (loOl) obuiaed hassolTtie 
filtrates fiom culmres of atreptoeoco n heated nVbjt • errua. Breus (IDI!) reported 
that ftU rtraina of streptococci uhieh p^^iored hmoJys» on rabbit blxd *"a* pUtea cave 
nse to ft filtrable hnsolvsui vrbes crorn is rabbit ssni_i broth, Th* factors which de*« 
Bune ibx luejaolvas predurtjon have le^ faQdj*d bv Mtlacd Ma»d"r and Bchsa 

atm (19?'*) and de Kimf aad IieUsd (I®?'*). AD these obau iiis noted that hsmcJvEs 
production was absent cr in ralliues grown is plan hruth without th* adiLtjoo 

ofwTuia. Mcrre tecenllv Todd (I^StlftsdToddasdHewitttltdhaveehown that joteat 
luemolvtic filtrates inav be obtained bv giowin r bsmolvlje streptecocts in ft mfdiam een- 
tainmc vrart ertract, or m « special broth raednen. stcsfLied br filfaaticei instead of bv 
ftutodavmg ftsd tentamme dextroae, »odj^ bacarbcciate and aodhia ^josphate 

De Kraif and Ireland have C8in*d out ctrehil quanbratTve studies the rate tfbEno- 
Iram production, and of its raartsvatjoa is th“ culmre oediam. Tb*r 'Jiind that the 
h-TnicjTtic titre of the snpetnatant fiaid fags thar edturea after aartnfncalirataiTn reach'd 
Its manmuin after ^ bonis tacabitias at ST’ C., and thfa apSh- d^dhifd. In Btsr 
cases no tuemcJvsn ccrald be d*tected after 14 faosrs , thoarh. when the whe^ c=2rur“ wa* 
te<rcd instead of the snpemataat fiuid, scene brtic actKm isirht pKSSt up to the 24lh bret. 
\ b JemcJvtif filtrate is comjJewlv isactirated bv hsalana at S5 C. for S') mnnrtes, atid mar 
J-BO most of ito actiTitT when nmbatod at 3T C-foc 2 hour* oriniT-tsreMcIeod 

It has been shown bv \«I] and SlsSorv {VSS) that streptdlvssn. whfa exposed to air 
at rdatirdv 1 temperatures. und'"uoes as oxidataca that is readJv rerreshb bv sKtabs 
chemical roajccts. The bip-v Jrsm is artnw in th» i-dnoed feem. macteve m U»e oxidized. 
At hicbcr temperaturee ('5'C.l an ityx eg sM e inacSiTatmn oernrs. 

Todd(1934 19Sso l«tSci)hssdeacesFCralirf^prT>3a'«coartwDt=idsofha=icJvB=i. 
One the 0 Iv^n, i« orvtcn-lsbae at ordzBTT teanpeatcrES, fcal eas !« rt-ac!Tral?d by 
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reduction wjth 0-1 per cent sodium hydrosujphrta . provided that it is protected from 
the air, It remains stable in the ice cheat for years The other, the S lysin, -nhicli can 
be extracted readily trom streptococci by sha&ing with Bcrum, is inactivated, like the 
0 lysin, by incubation at 37” C for 2-4 boars but unlike the 0 lysm cannot be re-activated 
by reduction , it is very sensitive to both beat and acid and can be preserved only by 
storage at very low temperatures (— 73“ C) The O lysin produces hjemoljsia rapidly 
and 13 antigenic in the free state the S lysin produces hicraolysis more slowly and is 
antigenic only when present m the arganisms £acb is neutrsbzed by a separate anti 
body The 0 lysm is formed by strains belonging to Group A, 0 (human) and O The 
8 lysm appears to be formed by strama of all gronps, but the type of lysm produced la 
group specific, an antiserum to the S lysm of Group A strains failing to neutrabze S lysm 
formed hyother groups Herbert and Ibdd (WU} have met with strains of streptococci 
producing only S and others only 0 hamotysin On. blood agar the S strains formed 
^ hsemolytic colonies on the surface and in the deptEi, both asrobieally and anserobicallv 
The O strains on rabbit blood agar — but not on horse blood, which contains 0 antilysm — 
formed ^ hsemolytic colotues only in the depth and only under srobio conditions The S 
lyam was purified and found to be a lipo protein hapten, incapable of stimulatmg the 
formation of antibodies 

The extreme lability of both 0 and S lysias m broth cultures at 37“ C renders 
the ordinary titration method of assessing t^or potency unreliable Special pre 
nautjons have to be tahea to prevent destmclion of either Jysin before we can 
assert that any given strain which produces hemolysis on blood agar plates is 
incapable of forming a flittable tuemolysm in a fiuid medium 

Apart from the dilEcuIties caused by the labihty of the lysins, it may be noted 
that some strains of Str pt/ogtnea produce a bsmolytic colomes on blood agar 
or fiometunes completely non bicmolytic colonies 

The first type has been studied by v&nous workers Fry (1D33) showed that certain 
strains which fonued a hsmolytio coloniee on aerobic blood agar plates produced typical 
fi hsemolytic colonies when incubated anaerobically Fuller and Mazted (1030) showed 
that two or three factors were conccirned in this veeult Under aerobic conditions hiomo 
lytic colonies were formed if all reducing sugar was removed from the blood agar or if 
catalase was added ^ tbe medium They bring endence to suggest that m the a hsmo 
lytic colonies peroxide is formed before the bxoiolysia with tbe result that a green zone 
IS produced If the fortnation of the peroxide is prevented by anaerobic incubation or 
IS neutralized by catalase then the hiemolysu produoea typical /? hietnolytic colomes 
The mode of action of the reducing sugar in the roediomis not quite clear, but it appears to 
inhibit the formation of the htemolysm. It may be noted that Fry s strains formed soluble 
hcemolysin in eerum broth under aerobic conditions For practical purposes it is advisable 
to incubate primary plate cultures aoaerobic^y, or both serobicaliy and anaerobically 

The second type has been reported by Coburn and Fauli (1941) and Oolebrook and 
bos colleagues (1942) In a ward outbreak of streptococcal respiratory infection, Coburn 
and Pauli found that the causative organism Type 12, occurred in two forms One 
form gave rise to typical hasmolytic colonics at 37“ C . the other gave nse to h*molytic 
colomes only at 22“ C The second vanant appeared to be possessed of a higher degree 
of mfectivity than the normal form ColebrooVa ohservations were made in a surgical 
ward on which typical haimolytic colonies bekmguig to Group A Typo 12 had been 
giving nse to septic comphcations A senes of cases was studied in which completely 
non haMQolytic streptococci, both aerobicany and anaerobicallj , were isolated from the 
wounds These organisms proved also to bekoig to Group A Typo 12 They formed 
no S baunolyam, but roost of them, when qwciaDy tested, were found to produce 0 hsemo- 
lysm The frequency with which such rtndns occur u at present unknown, hut they 
are believed to be nneomrooa 
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a-hwmolysm — When we tom to those streptococa that prodnee a hsmolyaa 
on blood agar plates, we have two inechanmns to consider the reaction that 
causes the Ipsis of the red cells, and the reaction that causes the green coloration. 

Cole (1914) descnbod the pttsencc in jmenmococei of a UbiJo intracellular hsmolvsa 
which was liberated from the cells on auti^ras. It was commonly stated by subsequent 
workers that the pneumococcua produced no filtrable hamolcsin m fluid media , and 
the agent causing a hwmolraa was supposed to be of some quUe ciiffeient nature It 
has, however, been quite elcarlv demonstrated withm recent years (see ^elIl 1920, Sickles 
and Coffey 1928, Cowan 1934, Todd 1934) that the pneumococcus, when gr oan under suit 
able conditions, produces a soluble h^molvsm of the oxygen sensitive, beat Si^sitire type, 
which undergoes reversible oxidation at low lemperahires. ^Thother other streptococci 
that produce * hasmolysis would also elaborate a filtrable biemolTsin under suitable con 
ditions IS at present unknown 

Until recently tbe most widely accepted view in regard to the green coloration associated 
with a luemolysis was that it was due to theformatioa orroethsmogIobinorcirsocn»dDse!v 
allied substance (Schnabel 1921, IfcLeod and Gordon 1922. Hotber 102o} It was shown 
by McLeod and Gordwt that the pnenmococena produces hydrogen peroxide and that 
hydrogen peroxide will discolour heated blood aear. in which tbe blood catalase has been 
inactivated The mechanisms involved to the production of hvdrtsea peroxide bv the 
pneumococcus, or hr pneumococcal extracts, have been studied u eonnderable detad bv 
Avery, ilorgan and ^el^ (Avery and Sforgan 1924, Morgan and Avery 1924, Averv and 
Keill 1924o, h, c, Neill and Avery l924o, b, 1925, Morgan and KeiU 1924, NeiQ 1925) 
The systems involved appear to mclude the catalysed oxidation reduction and peroxidase 
meehanumi discussed in Chapter 3, and the actual eourre of the reaction seems to be 
determined^ m the main by tbe oxygen pteasute to which the reacting rrstem is exposed 
It IS, however, clear that the formation of methMsoglobin a not itself the cause of the 
green pigmentation, unless the apparent grwQBen is doe to an optical illusion resulting 
from a colour contrast , and. in new of the amount of catalase prerent in nnheated blood. 
It is difScult to believe that favdrogen peroxide u the active agent m cultures on onheated 
blood agar plates. 

This problem has been brought nearer eolutioa bv the studies of Hart and Anderson 
( 1933) (see also 4nder<oa and Hart 193ta) Working with the pneumococcus, tbev found 
that when small quantities of laked blood were added to broth cultures m the presence of 
an alkalmebuSer solution, an olive green precipitate was formed This could he separated 
washed, dissolved in dilute alkuli to give a green solution. Ciystalhse hsmoslobm. 
or methxmoglobm gave the same green pigment when incubated under suitable conditions 
with pneumococcal cultures. The spectroscopic and chemical analysis of this pigmoit 
suggest that it u an uoa-coataumig derivative of hsmoglobin. It is rapidlv bleached bv 
hy dr ogen peroxide, bat it is not affected by ledanng agenta. An identical, or very similar, 
green pigment can be obtamed by mcobating laked blood, bamc^Iobin, or methsmc^lobm 
with various chemical reducing systems, such as ascorbic acid, cysteine glucose, etc. From 
the results obtamed with antolvsed bacterial cells, washed bactena, bacterial extracts, etc-, 
it would seem that the green pigment results from the activitv of a baetenal oxidabon 
redaction system, one component of which is intracellalar This ^tem is not peculiar 
to the pneumococcus , it is ehated, not only by those streptococci that produce the green 
pigment on blood agar plates, but by Sir pynyeiiM which gives p kemolysa, and bv tie 
enterococci which nsuahv produce no diange on unheated blood media. It is also 
png^iHw d by unrelated bactena, such as Staph auretts and Baet. cofi The production of 
green pigmentation by some spemw and i»t by others would teem to be due, not so much 
to the presence or abrence of the nec«B»ry enxyme system as to recondaiy factors them 
selves determined by the metaboho activities of the bactena concerned, which sometimes 
permit this system to function, and sometime* suppress it We have already noted 
that some strains of hsmolybc streptococci may prodnee p h»molysis under anaerobic 
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conditions while giving typical a haimolysu mth green coloration when cultivated 
aerobically 

Suinmaruing the obserratiOBs tecorded above we may say that a study of the 
appearance of the colonies on blood agar plates together with a test for the produc 
tion of a fihrable hemolysin enables ns to divide streptococci into three main 
categories 

(1) Ilamolifttc streptococci — These produce $ haiinolysis on blood agar plates 
They may be differentiated into two sob groops (a) those that produce a filtrable 
basmolysic, and {i) those that do not Among atnuns of Str 'pyogenes two variants 
are known One produces « hsemolytic eolooies aerobically but /? faiemolytic 
colonies anaerobically it forms a soluble hiemolysm m broth aerobically The 
other forms completely non hosmolytic colonies but produces a soluble hiemolyam 
of the 0 type 

(2} Slreplococct giving a hamalysts 

(3) Streplooocct that have ne action on blood media tender the usual conditions of 
testing 

Classification Eased on Ferueniatton Reactions —The capacity of different 
species or types of streptococci to ferment different substrates played a very large 
part m the earlier atternpfs to separate this group of bacteria into its natural 
elements The classification of Andrewes and Border (1906) based largely on the 
earlier studies of Gordon (1902-03 1903^4 1905} and the more extensive and 
detailed classification proposed by Holman (1916) (see also Floyd and Wolbach 
1914 Lyall 1914, Broadhurst 1915) depend^ almost wholly on a selected senes 
of fermentation tests It is hardly necessary to-day to set out these classifications 
m their ongmal form , since few would now accept them as affording an adequate 
basis for the differentiation of named epecies or types This does not of course mean 
that these fermentation tests are of no valae in classifying the streptococci The 
reverse is the case In more recent years, however the tendency has been to 
employ fermentation resctians as ancillary rather than as primary differential 
entena When a particular substrate has been found to be of value in differentiat- 
ing between certain related species or types it has been used for this parpose but 
has not necessarily been employed m the differentiation of other species within 
the genus It will therefore be more convenient to consider the exact systematic 
significance of these fermentation tests after we have discoased certain other 
differential criteria and in particular tbe results obtained by antigenic analysis 
but it will be useful to summarize here the observatjons that have been made on 
the correlation between en^mic activities and natural habitat 

The early ohservat ons (hat stfeptoopcei isolated fiooz pitbogeDioles oas m man nsualjy 
ferment lactose and eabcin seldom if ever mamutd rafBaose or innhn and give acid 
mthoat clot in la Jt has been amply confirmed The value of laulm fermentation as a 
differential test for the identification of tbe pneamococcia has also been firmly established 
It is clear that this species almost always ferments this fmetosan while most other strepto 
COCCI fell to do BO There has been a tendency to exdude from the species Str fneumonta 
any strain that fells to ferment umlin but H is doubtful as Berger and Silberstem (19‘’6) 
point out whether this test can be appi ed with such complete r gidity As regards other 
substrates the pneumococcus fenneate lactose and nsuaHy raffiaose but not aabcin or 
raannitoJ 3Glk is ac dified and frequently dotted 

There is some measure of agreement that the streptococoas commonly found in the 
human mouth which is of the * hwmolyUc type ferments lactose raffinose and Sabcin, 
but not maim tol and usually forms a dot m milk- In addition it has been pomted 
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out by Xiren, Smiley and Sherman (1942) that, in genera], the a-Lsmolytic streptococci 
fail to hydrolyse arginine with the production of ammonia, whereas the ^-hamolytie 
streptococci and the enterococci are able to do so. 

There is also agreement that the fermentation of mannitol is characteristic of theatrepto- 
cocci that normally inhabit the human intestine (sec UTnalow and Palmer 1910, Fuller and 
Armstrong 1913, Hopkins and Lang 1914, Hible 1921, Bagger 1926, ileyer 1926, 3Ieyer 
and Schonfeld 1926, Downie and Cruickshanlc 1028). These streptococci usually ferment 
aabcin and lactose, seldom inulin or tafEnoee, and nsually clot and decolorise btmus mni- 
A few of them are peculiar in liqnefying gelatin. In relation to this group of streptococci 
an additional fermentation test was introduced by Rochaix {1024>-^the fermentation of 
»scnlm in a bile-containing medium. This reaction has been studied by Sleyer and Schon- 
felJ (1926) and by Weatherall and Bible (1929). It has been found by many workers to 
be of considerable differential value { but, as U'eatherall and Bible point out, the inclusion 
of bile salts in the medium removes it from the ordinary category of fermentation tests, 
smee bile salts inhibit the growth of many species of streptococci (see below) and in their 
absence esculm is attacked, though often slowly, by many non-fteca] species or types. 

Comparing the streptococci of man with those from other animab, several points of 
mterest have emerged. 

Winslow and Palmer (1910), while oonfirming the frequency of mannitol-fermenting 
streptococci in human faeces, noted their rarity in fa^tes fiom the cow or horse. They 
found also that raSnose-fermentlng strains, while relatively tineommon in human fieces, 
were very common m the farces of cattle. Poller and Arastrong (1913) examined 349 
strains of streptococci isolated from fxcea— 123 from man, 129 from the horse and 97 boa 
cattle. They found that 65 per cent, of (he faecal streptococci from man fermented matmi' 
tol, as compared with 2-3 per cent, of the bovine or equine f»eal strains. Rafficose 
fermenting streptococci, on the other band, were not found among the human f»cal strains, 
whJe 12 per cent, of the equine ftccal strains, and 73 per cent of the bovine fecal strains 
fermented this sugar. The equine f»«al strains were characterised by a ftequent fsilore 
to ferment lactose. 

The fact that streptococci bobted from honea, whether from suppurative lesions or 
from the mouths or uiteetloes of norma] animab, frequently fail to ferment lactose has 
been noted by many observers (see Jones 1919). 

The importance of milk as a human food, and of the cow as a stock animal, has led to 
a careful and detaded study of the streptococci that occur in normal milk, or in the milk 
from diseased animals, or that have been isolated Born the udderinacuteor chronic mastitb. 

A type of streptococcus that is almost constantly present in milk, and has been given 
the name Sir lacUt, resembles m many ways the streptococcus commonly fonnd in human 
fteces ; and it w^l therefore be more convenient to deal with its fermentation reactions 
when considering its probable relation to that organbm in a later section. 

In regard to those streptococci that are associated with mastitb in the cow, scute or 
chronic, certam additional criteria, based on fermentation reactions, have been introduced 
withm recent years in an attempt to diffeientiafe the characteristically bovine strains from 
thoM of human, ori^o. Among these are (11 the final pH produced in gjneose brothfAvery, 
R. C., and Cullen 1919, Ayers and hludge 1922, Frost tl al. 1927, 31inett el oL 1929, Avery, 
E. C. 1929a, h. Minett and gtableforth 1931, 1934, Lancefield 1933, Hare and Colehrook 
1934) ; and (2) the capacity to hydrolyse sodium hippnxatc (Ayers and Rapp 1922 sad 
other references above) It has bwnfound that mastiUs strains of human origin produce a 
final pH of 5 0-5 6 in glucose broth, and bill to hydrolyse sodium hippurate. Bovine strains, 
on the other hand, produce a final pH of 4 2-t S in glucose broth, and hydrolyse sodium 
hippurate. It has also been found that the fermentation of trehalose and sorbitol afford 
a valuable criterion in the exammatioo eJa paitknlar group of hamolytie streptococci that 
are found both in men and animals — mainly horses. The human strains in the group 
usually ferment trehalcee but not smbitefij the animal strains ferment sorbitol but not 
trehalose (Ogura 1929. Edwards 1932, 1933, Mmett. 1935o. b). 
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The behanonr of roush Tenant* appears to be inconstant JIanr prohabir most rwLh 
strains are bJe aoluble (Griffith 1923 Penaaun 19^ Dcwnie ti el PSl) bat wse are 
less readilv lj»ed than normal, nsooth strains, and a few are appareatlj quite inwIabSe 
It seems dear that this test properly performed is one of the mos* relAhV a* oai dispoEal 
A smooth strain that prorra uisolnble in sodmcn deoireboUte «honld not he pren the 
title ’^Ir jmfvmonta without a dear statement that beeanse of this importint direrrence 
from the specific characters, the diamoeia mns* be re*3'd»d as uncertain. 

The use of b le his pronded another differentia! test within this g-tmp. Wets«nlneh 
(1918) noted that enterococci grew well in a nredium containing 10 per cent of b’"^ while 
'^Ir pjojenn and other Streptococci te«ted br bun fa led to erow m this mediam. Th« 
observation that enterococci prow freelr in h ^h ctmoentrationa of bit* has been eonfiriD-d 
by manr subsequent observ e rs bat it would appear that this character is not jecnlar 
to this spcct», orproup. The abdityofotber species and types to prow tn Inle-ecMtsining 
media (10 p«T cent and -lO per cent ) has bees 8iadi*d bv sereraJ worLers (see EeJ-miT 
and Popowa 1929 Jlinett and Stabteforth 1931 lAnceSdd 1933 Hare and Cokbrook I'Ct 
Hare 193o Hare and JIaxted 193 j CoIebrooU Slaxted and Johns 193o Tire {Kesihl» 
* pnificance of this tharacter in ttrecUssificatxMi of streptocoem other than the enterococci 
will be more conTeruently discossed m relation to the re^O obtained be acLpeni'- aaalreis. 

Another test that has been applwd m tbe classification of this pToup u the abILtr 
to reduce nad (Am decc/orue met\vftn* Ume added to milk, nsnallr in a concentration of 
1 5 000 (Amy R C 19‘'^i 6) This test would appear to depend m part on the abiLtr 
of the organism to mnluplr m the presence of methclene bin* in part on the Eh that the 
p ro wt nq OTgazusm induces. Many of the strains that reduce isethrlcne bine have been 
isolated from animal sources or from miOL There is general agreement that 8*razss of 
b*mo1rtie streptococci isolated from seme homaa infrcttons ful to do sa Enterococci, 
bowerer reduce metbrleoe blue actirelr (Kleckaer 1935), even in a coaeentrstwn of 
1 1 000 Here again, tbe atpoificaoce of this te^ mtist be con idend m relalxm to tbe 
aatii’nuo structure of tb* ranous speoca <« tepes. 

\ fourth test that is of considerable raloe ^m tbe point of new of elaisificatimi a 
that of heal rtnstanee It has kmg been known that beat remstant streptoc o cci occur m 
milk (see Arers aud Johnson 1910 1913 Avers, Johnson and Davis 1918) and Lcreu 
(1914) recorded the presence of beat resistAnt streptococci in tie human Cictes. Hoas*oo 
and SIcClov (1916) noted that h*at resistance was characteristic of ente-mcocci, and this 
ob^rvatioa bas been ampiv confirmed bv Dible(I9“n and bv many subsequent observers. 
It u usual to emplov exposure to a temperature of 60 C for”0 to30 mina ea asaoarb trary 
test of heat resistance The problem that arises in this couirection is the identitv or noa- 
identitv of tbe miTk and fwcal strains of beat resistant streptococci and this wQl be 
craindered ui a later section. Other te«ts which will be considered under the cUssifica 
tion of Ure enterococci, compnse al^litv to grow at 40* C. at pH 9-6 and m tbe presenre 
of 6 o per cent. NaCL 

Aotigezuc Stmetare It will .be convenient to begin our ductiKion of anti 
genic structure with tte pnenmocoems m part because tlu is a well-deSned 
speaes m which the compbcations referred to above do not arise in part because 
It was in fact one of tbe first species in wbch a division into immnnologicallv diff 
erent races or types was clearly demonstrated and in part becau-^ th* chemical 
study of antigenic etmeture was miniated with this organi-m and we still know far 
mere about the chemical differences that determine the antigenic speaScitv of th* 
vanons types of pneumococci than we do about similar differences in anr other 
bacterial species. 

Tbe Antigenic Strodnre ol tbe Paeamocoeci.— Nenfeld and Handel (1®0“) 
firet demonstrated the existence of antigerucally different types of pneumococci. 
They studied the protective effect of different antipneumococcal sera m nuce and 
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fourxJ th^t A pMen fcmm nould protect «gaw*t tbc hamologoui strain of pncnmo 
rrxrcn* lut not AQuml hcterolopom strains Doche* A^-ery iinJ their coUcaguos 
(Poche* an! OjHoapie Pll Docher and A^ery 1915, Av-erj 1915, A\erj ef al 
l^l?) Uter atnlHvl the antigenic rrlatwnslupsofa itrge collection of pneumococci 
«*jnp the method! of direct agplutiaation and agglutinin absorption They confined 
their attention, for the moet p.irt, to strains Moisted from cases of lobar pneumonia 
in man, and among these the^ wen* able to recognice three well-di/Terentiated types, 
Types I, )I and ni, leaiinga la^e hetertigencoas gronp tinclassiScd Lister (1916) 
earned out a aimdar sluh on strains ivilstei] from ca<<s of pneumonia among 
the mine worlerj in Smlh A/nca He vat able to difTcrentufe scicral antigenic 
type*, vhici he laMJed vith Jeltersrastetd o/BUmhers These obsenaf ions ha^c 
since been eoafsrmcrl and eitended by worVersin many partsof the «orld, the three 
cUtsica] Ameneaa types being generally accepted as the standard of reference , 
and It vas not long l>efore we obtainnl a reasonably adeijuate picture of the distnbu 
tjon of tbrv* tbrrc types in caw of lobar pnenmonu, in other pneumococcal infec 
lion", la heabhy con tacts an 1 in the population at large Forman) jears, bowev-er 
ro acrioc* attempt was made to analyse the unclaMificd heterologous group which 
formcij a cor»jdcrable proportion (2S-bO per cent ) of the strains isolated from cases 
of lobar prcumonia, and the ma^ont) of those isolated from the upper respiratory 
tract of rnnnaJ j-ervias It was the custom to refer to such strains as belonging 
id (>n up IV, an unfon unate nomenclature that became franVly misleading when the 
laW Was changed to *'T)pe I\ *, which not infrequrutly happenn) 

^\Jl Lin recent jfar! Chxiper and her coJIeagufs (Cooper RlwanJsnDd RoHO«tcjn 
1929, Cwper rt ol J^»52. Cooper and alter 1935) ha\f made a detailed stud) ef ibis 
prettously unclassified group. Among strains isolated from lobar and broncho 
{neuinoru from ranoui oil er pneumococcal infections and from normal persona 
they have t ientified 29 nesr antigemc tyfws maVing 32 in all, including the chuiica) 
Types I, II and UI 'lost of tlev types are, it sboul 1 l>e noted, sharply different! 
atrel from eae b otl er, eo that tbei may be i lfntifie«l by direct agglutination, 
bitice Csxiper'a ituU, furtler tyjw base l>««cn de«cnbe«l by other workers (see 
Kauffmann rt al 1910 \N oiler ef al 19|1, Morcb 1912) Unfortunately two 
B^^tenl,s of lalwlbng 1 »\e l>een uvsl the one making ttre of numbers irrespective 
of antigenic c< niponents share*) with ©tier types, the other using letters in addition 
to immlteni to bnng out antipni*. components |>os.»es.scd by different types m 
common l.*ni (1911) has de^nlHsl the srow reactions that msy be met with, 
on I has sugge«tM the u-r of a senes ©f Arabic numbers ranging from 1 to 74 to 
cover the tTl>es known ol |n«cnL tNe may 1>« quite sure that there are still 
new types of pneumococci to be Klentified, and new labels to be given , but it seems 
Ukely lUit our ywseat 74 1)1“** include most of those that are parasitic m man 
Oundel and Schwarz (1932), for instance, report that, of 364 strains of pneumococci, 
isolate*! from sick or healtbv children or odolta and containing no examples of the 
classical Types I, II and Ilf. onlj 3 per cent were unassignable to one or other 
of Cooper's new Types IV-\XXH 

It ha* long liecn recosnud tliat the antigenle behaviDur of Intact pneumococci m 
the normal amoolU aUte U probaf fy drlermind by the nature of (he capsules surroundiog 
the bacterwl cells. Neufet J (lOOSl fir fnsUnee noted that the capsules of pneumocoiei, 
srhen*<rtedu(>fMi 1/^ asj^cci/icantiseraw I^eomegfeallystFoDcn , and withmrecentyears, 
it has lieen»ho>»n iJiaUlu* phenomenon can he utlhwd in the ilontificalion of pneumococcal 
tyj«$ (\eufcU anl Hinger Tulctymka IMl, Ftmger Tulciynska 1932 Armstrong 1932 
L(,gananlSmeain032 Sabin 1933 Eeckler and MacLcodlOSt Cooper ami Walter 1935) 
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There is also (Avery and Heidelberger 1023) a nucleo-protem antigemc component, 
precipitaWo from extracts by acetic acid It u probab!) situated deeply within the 
intact bacteml cell It is shared by all pneumococci and by many other bacteria 
including all those species of streptococci that have been examined 

The picture of the antigcmc aiructare of the species Sir j>tieumon\w that emerges 
from these studies raav be tentatively outlined as follows There is a central 
protoplasmic portion of the cell wtncli, m ita antigenic relationships is neither 
species nor type specific Situated probably at the cell surface, there is another 
component, mainly carbohydrate in nature, but containing nitrogen and phosphorus, 
that IS specific for Sir jtntumonta as a species External to this, in the normal 
smooth forms, there is a capsule, composed wholly or m part of a polysacchande 
that 13 specific for each pneumococcal type There ate, we must suppose, over 
seventy of these capsular polysaccharides within the pneumococcal species , pro- 
bably there are many more The antigenic behanotir, and to some extent the 
virulence, of the intact pneumococcal cells are, it should be noted, determined by 
these capsular antigenic components, so that they are of particular importance to 
the medical bacteriologist 

The Antigenic Structure of the Hsemolytie Streptococci. — When we come to 
study the antigenic structure of the hsmolytic etreptococci we are on much more 
difficult and debatable ground , in part because, as we have already indicated it 
IS by DO means easy to define exactly what we mean by a hsmolytic streptococcus , 
la part because, if we accept the asasi defiaition — the occorresce offi hemolysis ob 
a blood agar plate — we shall include lo our bemolytic grosp, not one species, but 
several, m part because the techmcal difficulties of astigeoic analysis are far 
greater thaa la the case of the poeiUDOcoccus Is spite of all these difficulties a 
great advance in our loiowledge has been made dunsg recent years , and, though 
we cannot as yet present any clear and detailed picture, we can provide a shetch plan 
which, With the necessary modifications, will certainly provide the basis for any 
future, and more complete, classification 

To obtain a cleat picture of the present position, it will be better to disregard 
the sequence in which our knowledge has been reached. 

Group fielahonships — ^The obscnatjons of Hitchcock (1921) and of Lancefield 
(1928, 1933, 1911) have revealed the presence of a number of different serologically 
active polysaccharides in haemolytic streptococci from different sources Instead 
of being responsible, as m pneumococci, for tjpe-specificity, each polysacchande 
13 common to a gioop of organisms denved from a particular source Thus, the 
majonty of ‘■trams isolated from pathological lesions m man share the same poly- 
saccharide and are classified as Group A- Strains &om mastitis m the cow poMess 
another polysacchande and are classified as Group B Stratus froru lofectKWis 
in lower animals possess still another polysacchande and are classified as Group C 
and so on. Altogether 12 groups have now been recognized, each with its peculiar 
poly'^acchande antigen (Table 37) 

The association between the type of pofysacchande and the source of the strains is 
close, but not absolute Human beings, for example, may be infected occasionally with 
ojganKma belonging to Groups B, C, D, and G, though Group A strains fer outnomber 
the rest Moreover, when infection with these Otb«- tvpes occara, it is often confined 
to one part of the body Thus, Group B etraina are seldom found except m infections 
of the female gemtal tract , Group D sttaina are reatneted mainly to cystitia and wound 
infections , and Group G strains to gemto utmaiy and occasional throat infections 
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A great advance was made in tl« elndy of the anli enic structure of the pneumococci 
and indeed of bacteria m general wlenAveiy Heidelbergernnd tbeir colleagues attacked 
the problem from the chemical aide (Redelbeiger and Avery 1923 1024 Avery and 
He delberger 1923 1925 Avery «t al 1925 llMdelbcrger ft o! 19'»5 Avery and Morgan 
1925 Hcidelbergcr 1927 Heidelbergcr and Cocbel 1927) By smtahlo methods of extrac 
tion followed by fractional precipitation it was found possible to separate the capsular 
components (fiat determ ne type apecificitjr in a state of chemiavl ptmty These com 
ponenta were found to be complex polysaccharides , and some of the mam chemical and 
physical characters of the capsular polysaccharides of the three classical types have been 
determined {see Table 36) Solutions of these polysaccharides it will bo noted give 
specific precipitation in high dilution when mued with the corresponding antisera 


TABLE 36 

CKsaACTERs o» Til* Tw* sfECiric AimoEvs or Pheluococci Arrea Aveey asb 
llBIDELaEKOnt 


Tjp* 

Optical 

Routloa 

Per ecBt 
Mtras<B 

Snbatiiicca obtained 
oa nrdfOl;iii. 

ZUutloa slTlDg 
^ Spedfle PnelpltAtlon. 

I 

+ 300* 

6 

GaUcturonio seid, and 
amiao-sagar denrstive 

1 6 000 000 


+ 74* 

0 

Glocoso 

I 5000000 

in 

- 33* 

0 

Gloccee and 

Glocuronto oxid 1 

1 6 000 000 


The chemical constitution of tbo capsular antigens of the new types of pneunioeoeci 
differcntuted by Cooper and her colleagues has yet to be determined though a start has 
been made with this work (ace Reideibcrgcr and KendsD 1931 Brown and Bobinson 1943) 
Hema) however safely assume tbateacb pneumococcal typeischaractenxedbyaspecific 
capsular poli-saecbando that detcniunce its ant genic behavioiu W e may identify these 
types either by agglutination or by the capsule-swelhng react on or by precipitm tests 
carried Out with an autolj'sate or extract of the pneumococcal cells 

Some at least of these pneumococcal polyeacchandea may exist in immunologically 
difierent forms or may be altered diinng the process of chemical extraction and punfication. 
Thus the studies ofEnders(!930) aodofUadsworthandBrownflDSl) showed the presence 
m Type I pneumococci of a specific ant genic component that differed in lU immunological 
react ons from the specific capsular polysaccharide os ordmarOy prepared Avery and 
Goebel (1933) were able to show that this component is an acctvlatcd form of the Type I 
capsular polysaccharide and that i is apparently in this form that the polysacchande 
exists m the normal bacterial cell The acetyl groups are removed by the methods of 
extraction and purification that bad been commoidy employed leaving a dcacetylafed 
polysacchande that is still specific for the Type I pneumococcus, but has lost certain anti 
genic activities possessed by the nonual acetylated form It is important to note that the 
type-epeeificity of the capsular antigen is not destroyed by this particular chemical change , 
and it seems quite likely that similar minor alterations in chemical structure may bo mduced 
durmg the extraction and purification ot many other antigenic components. 

This polysacchande capsular component is not of course the only aatigemc constituent 
of the pneumococcal cell Tillett Goebel and Avery (1930) have isolated another com 
ponent that gives all the usual reactions of a polysacchande, a not inactivated by peptic 
or tryptic digestion and yields about 30 pmt cent of reducing sugar on hydrolysis. It 
contains about 6 J per cent of mtrogen and differs from the capsular polysacchandes m 
containing phosphoric acid It is not type specific, but appears to characterize the 
pneumococcus as a species. 
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There la also (Avery and Heidetbe^er 1923) a nucleo protein antigenic component 
precipitabla from extracts by aeetic acid It is probably situated deeply mthm the 
intact bacterial cell It is shared by all poentnococci and by many other bacteria 
including all those sjwcies of streptococci that have been examined 

The picture of the antigenic sttuctiue of the species Sir pneu7noni(e that emerges 
from these studies raav he tentatively outlined as follows There is a central 
protoplasmic portion of the cell which^ m its antigenic relationships, la neither 
species nor type specific Situated piobahly at the cell surface, there is another 
component, mainly carbohydrate m nature, but containmg nitrogen and phosphorus, 
that IS specific for Sir pneumomce as a species External to this, in the normal 
smooth forms, there is a capsule, composed wholly or m part of a polj-sacchande 
that 13 specific for each pneumococcal type There ate, we must suppose, over 
se%enty of these capsular polysaccharides within the pneumococcal species, pro 
bably there are many more The antigemc behaviour, and to some extent the 
virulence, of the mtact pneumococcal cells are, it should be noted, determined by 
these capsular antigemc components, so that they are of particular importance to 
the medical bacteriologist 

The Antigemc Structure ol the Beemolytic Strevtococcu — When we come to 
study the antigemc structure of the hsmolytic streptococci we are on much more 
difficult and debatable ground , m part because, as we have already indicated, it 
is by no meana easy to define exactly what we mean by a hemolytic streptococcus , 
m part because, if we accept the usual definition— >the occurrence of p hemolysis on 
a blood agar plate— we shall include m our hemolytic group, not one species, but 
several , in part because the techmcal difficulties of antigemc analysis ate far 
greater than in the case of the pneumococcus In spite of all these ^fficnlties a 
great advance m our knowledge has been made durmg recent years , and, though 
we cannot as yet present any clear and detailed picture, we can provide a sketch plan 
which, with the necessary modifications, wiU certainly provide the basis for any 
future, and more complete, classification 

To obtain a clear picture of the present position, it will be better to disregard 
the sequence m winch out knowledge has been reached. 

Group Relationships — The observations of Hitchcock (1924) and of Lancefield 
(1928, 1933, 1941) have revealed the presence of a number of different serologically 
active polysaccharides in hiemolytic streptococci fiom diTerent sources Instead 
of bemg responsible, as in pneumococci, for type-specificity, each polysaccharide 
13 common to a group of organisms derived from a particular source Thus, the 
majority of strains isolated from pathological lesions in man share the same poly 
saccharide and are classified as Group A, Strstos from mastitis m the cow possess 
another pofysacciarKie and are chisideci as Gcaap S SCrsios from tafxtMos 
in lower nnimals possess still another polysacohanda and are classified as Group C 
and so on AJt<^ther 12 groups have now been recognwed, each with its pecuiar 
polysaccharide antigen (Table 37) 

Tile nssociition between the tj-po of polysacrfiande and the source of the stnuns is 
close, but not absolute Humsn brings for example, may be infected occasionally with 
oigamsms beloDgmg to Groups B, C D and G, Uiough Group A strains far outnumber 
tho rest Moreover, when infection with these other types occurs, it is often confined, 
to one part of the body Thus, Grenp B stnins are seldom found except in infections 
of the female gemtal tract 5 Group B strains are restricted mainly to cystitis and wound 
infections , and Group G strains to gemto unnary and occasional throat infections 
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TABLE 37 
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The a<«ociation between the type of polysaccharide and the h*molytic power 
of the orgamsma is lanable So fat as we know most Oroop A strains give n-e 
to typical P hiemoly«is on blood agar plates bnt as already pointed out a few 
atrains have been reported that are himolytic only under anaerobic conditions 
or are frankly non h«moIyt« In bmnan infections we are generally on safe 
ground m disregarding non hsmolytic streptococcal colonies except under very 
unusual conditions they are unlikely to be te$pon_jble for the ordinary mamfesta 
t ons of hsmolytic streptococcal infections. In Group B however the position 
IS different Stableforth (1932) found that about half the bovine strains he studied 
were non hsmolytic even though be could detect no immunological differesea 
between the hsmolytic and the non hsmolytic members of tbe group Among 
the other groups non hsmolytic strains have been found with varying frequency 
Special strains m Group C produce « hsmolytic colonies and one group Group'S 
comprising strains of Sfr /octw appears to give rise to uniformly non hsmolytic 
colomes The evidence suggests that the p 06 se'<£ioD of the group polysaccharide 
IS a more constant and fandamental character than the abihty to lyse blood cells. 
It is therefore becoming common to pay greater attention to the type of poly 
sacchande present in a given strain than to its hssmolytic power though in 
practice especially in medical laboratones the observation of hsemolysis con 
stitates the first important differential entenon of presumptive pathogemcity 

The polysacchandes themselves which are sometimes referred to as C 
substances appear to form an integral part of the bacterial cell To obtam them 
in eolation the organi-ins hare to he disrupted For this purpose either Lance- 
fields (1933) acid-citraction method or Fullers (1938) formamide method may 
be used Their presence can be demonstrated by a simple precipitation reaction 
using specially prepared autuerum They seem to play so part in the agglubna 
tion of streptococci. There is little information yet on their chemical structure 
but the polysaccharide of Group A etrams u known to yield reducing sugars on 
hydrolysis to be non tosac for animals andtobe antigenic onlywhenmcombinat on 
with the cellular protem 
Type Belationships 

Group A — The finding recorded by Dochez Avery and Laocefidd (1919) 
Bliss (1920 1922) Gordon (1921) Eagles (1924) and Stevens and Pochez (I926 j h) 
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miclc it possible to diflferentiate and identify many different antigenic types among 
liamolytic streptococci isolated litim haman infections , and tbe more detailed 
and extensii e stndies of Griffith (1926, 1927, 1923, 1934, 1935), Smith (1926, 1927), 
James (1926), McLachlan and Mache (1928), Gunn and Griffith (1928), and Dora 
Colebrook (1935) have served to establish many of these types on a satisfactory 
serological basis. Griffith, who has been the main contributor to this particular 
problem, has differentiated by means of the slide agglutination reaction 27 types 
of pathogemc hsemolytic streptococci isolated from various lesions m man Of 
these, 23 were later found to be members of Group A , Types 7, 20 and 21 fell 
into Group C, and Type 16 into Group G Before he died, Griffith added three 
more types to Group A, bringing the total numbered types up to thirty Further 
types have since been added 

Lancefield (1928, 1933} attacked the problem from another angle She extracted 
type specific antigens from the cocci by hot acid, and identified them by the pre 
cipitm test On the whole, her results agreed with those of Griffith, but some 
discrepancies occurred Further observations (Lancefield 1940, 1943 Swift et al 

1943, Lancefield and Stewart 1944, Watson and Lancefield 1944, Stewart et al 

1944, 2)ttle 1942, Elhott 1943 Krumwiede 1913) have shown that two separate 
antigens are concerned m the t)’pe specificity of Group A strains One referred 
to as hi, IS a protein the other, referred to as T, is of undetermined nature The 
fil antigen is present only m mucoid or matt colonies (see p 695) and is most 
abundant in freshly isolated pathogenic strains, the T antigen is found not only 
m mucoid and matt, but al<o m the degraded glossy colonies contaimng avuulent 
organisms Antibody to hi seems to be responsible for the hi precipitin reaction, 
for type*specific protection, and as a rule for part of the type^specifie agglutination 
of matt vanasts. Antibody to T appears to be solely responsible for type <peafic 
agglutination of glossy variants and mainly responsible for type specific agglutma 
tion of matt variants, but to be unconcerned in protection The M antigen can 
be destroyed by peptic or tryptic digestion , beat biled ensyme treated orgamsms 
stimulate tbe production of T antibodies alone, so that pure T antibody can be 
obtained and the distribution of T antigen determined In most types M and 
T antigens occur together, but in a few types one or other is missmg or is shared 
with some other type — hence the occasionat discrepancies between the results of 
agglutination and pxeapitation tests 

For example, l^pea 10 and 12 contain acrologically identical M antigens but different 
T antigens Closely related T antigens occur m Types 16, 17, 19, 23 and 30 and another 
set of related T antigens occurs in Types 4, 24, 26, 28, 29, and 46 In soma types strains 
are encountered that contam no T antigen at alL Moreover, the amount of M and T 
antigen that is formed or at least that can be detected by agglutmation methods depends 
on the temperature of incubation There is evidence to suggest that the 31 substance 
is formed best at 37“ C , but is liable to inactivation at this temperature — possibly through 
enzyme action (EUiott 1944) 

An additional complication to the preapitm reaction is that extracts may 
contam variable amounts of non specific nucfeo-proteins, which are common to 
hiemolytic streptococci, pneumococci, and streptococci of the vuidans group It 
may also be noted that there is at least one other non type specific protein ( ‘ Y ") 
about which little is as yet known It will tiierefore be clear that the type deter 
mination of Group A streptococci 13 fer from straightforward , nevertheless their 
general antigenic constitution is now fairly well understood 
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Grwp B — The existence of speaSc ^^ea m Gronp B was first estahliaied by 
Stableforth (1932), who found three ^erolc^ical tvpes among rtxams from boeine 
maitihs , the«e were sharply dutingoished by th^ir precipitation and a^lntination 
reactions The type^pecific antigen was found by Lacctfield (1934, 193S) to be, 
not a protein as m Gronp A, but a poljsacchande By precipitation tests she was 
able to define four specific types. Bntish and Australian invcatigatora (Stable- 
forth 1937, Stewart 1937, Simmons and Keogh 1&40) have earned this study furtber 
bv separating off, mainly by tbe agglutraabon and absorption of agglutmins 
techmque, a number of sub-types. What the antigen or antigens concerned in 
the agglutination test may be is stfll a matter fo- conjecture, but so far as tie 
four mam types are concerned, there seems to be agreement between the results 
of the precipitation and agglntmation testa (SlaneU and Naghs^ 1940, Simmons 
and Keogh 1940} The notation is <till confused, but there is much to be said 
for Stableforth’s eugneshon of numbenng the mam types, as m Group A, and 
giving small letters to the sub-types eg Type la, lb, Ic, Id, 2a, 3a, 3b, etc. Again 
there is disagreement on the identity or non identity of Group B strains of human 
and boTine origin. Further worL will be tequired l^fore diswpanaes of this sort 
can be cleared up 

Group C— It has alreadv been mentioned that three of the hemolytic 

streptococci identified by Griffith, namely Types 7, 20, and 21, belonged to Group C. 
Fire more types bare now been differentiated by the agglutwation test among 
human attains (Smunous and Keogh 1940), and fire among equue strains (Bazeler 
and Battle 1940} There is reason to believe that the type-«peci£c antigen is of 
protein nature. 

Group D— This group contains a number of orgauisms of the enterococcus 
tvpe, the «pecific or vanetal nature of which wiD be discussed later (p 5S2) By 
agglutination serersl types hare been distinguished by J3psne»e and other worlets 
(for references see Grumbach and Schnetz 19^, KTinmiann 1913} La nc e fiel d 
(1941) sta*ea that she has been able to define three distinct types. The type- 
speofie autigem appear to be of polysaccharide nature. 

Ollier Growps — One type bas been found m Group G (tanctSsld 1941^ In 
Group F Bliss (1937) establiJied four types by precipitabon and a^lutination 
reactions, and in Group G one trpe, which was identical with F Tjp^ 1 Simoons 
and Keogh (1940) were able to distmeoish a number of serolc^cal tvpes among 
both the large-colony and the so-called tmnute forms of streptococci in Group G 
One type hu been found in Gronp K (LauceSeld 1941) 

Anbgenie S tru c tur e ol tbe z-Hasmobtw Streptococci. — We know little, as yet, 
about the antisenic structure of the manr species and vanetiea of a hsmoljtio 
streptococci that have been described It seems quite clear that the vindans 
group of streptococci contains no such poljsacchande group antisrens as have been 
found m the hsmolytic 'treptococa. On the other hand, specific types can be 
recognized withm certain species. Shennan, Kiven and Smiley (1943), for example, 
using the preopitation technique, have found that strains of Str sahvanus fall 
into two mam types and an unknown numbex of other types. Solowey (1W2) 
likewise who studied 103 strains of vindans type from subacute bacterial endo- 
carditis and 99 strains from human throats and extracted teeth, ^as able to dj- 
tmguish at least eight different types The systematic relationship between tie 
different organisms has stiD to be worked out. 
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Properties Classification and Nomendatnra ol the Essmolytic Streptococci 

Before describing the pathogemeity^ of the various streptococci it will be con 
venient to summanze the mam prop^es of the different groups and to discuss 
the nomenclatuie of the otgamsma within each group It must be emphasired 
once again that not all strains falling into Lancefield s groups form hsmolTtic 
colonies on blood agar The heading of thia section is not stactly accurate but 
until some more smtable term is proposed we shall include a haemolytic and non 
haemolytic organisms possessing the eame group polysaccharide as haemolytic 
oigamsms under the general d^gnation of hsmol^ic streptococci 
Croup A 

Streptococci belonging to this group share to coouaoa the Croup A carbohj’drate coai 
ponent described by Lancefield. They are divuible into a number of different serological 
types either by agglutination reactions with absorbed sera or by precip tm reactions 
earned oat with type specific antisera and suitably prepared bactenal extracts ITie 
type specific antigens concerned are protein in nature and soluble in dilute aads Of the 
27 types deaenbed by Griffith (1935) it n-ould appear that four (Types 7 20 21 and 16) 
do not possess the group specific carbohydrate and should therefore be excluded from this 
group Types? 20 and 21 belong antigenicaliy toGroopC l^pe 16 toOroupG(Hsre 
193o) 

Group A Btieptococci ui addit on to producing fi hstuolyais m blood agar plates appear 
without except on to form a soluble bsmolysin 

In regard to their other b olog cal and btocbemical cbaracteis. Group A streptococci 
produce a final pH of 5 0-5 6 m dextrose broth they do not hydrolyse sodium hipporate 
they do not reduce methylene blue in nulk they ferment trehalose but not sorb tol they 
may or may cot groiriB 10 per cent hUc agar and seldom grow m 40 per cent bJsagar 
Theso are the mam differential group characters In addition Group A strains almost 
always ferment salicm and lactose seldom manmto) and verv seldom raffinose or mulin 
t7ithtbeexceptonofTy*pe38(raias(FuUerandSIaxtedl9$9 Hadley etc? 1041) peroxide 
IS generally produced A biochemical classification based on the fermentat on of starch 
mamutol, and cellob ose which is in ooocordance with serolog cal typing has been pro 
posed by Keogh and S mmons (1910) 

The strains that hare been adequately identified as belonging to this group have in 
the mam hecndetivedfrominfect onsmman — ton'ilhtis searletfever ceDuLtis erysipelas 
puerperal fever other types of sept cwmia acute broncho pneumonia ot tis meilia and so 
on They have also been isolated from the throat nasopharynx oroose la normal persons 
They have occas onally been isolated from cases of mosbtis m cattle but m such instances 
there have usually b^ grounds for suspecting a human source of mfection 

It 13 clear that streptococci falling into Group A possess all the characters that 
have been attributed to the classical 5<r pyogenes and the group itself is so well 
differentiated that it clearly requires a distinctive label Should it be given specific 
rank * It is certam that we cannot include in a smgle species all the antigenic 
groups of hsemolytic streptococci (A N) The only question is into how many 
different species they should be divided The balance of the evidence at present 
available appears to us to be in favour of leci^nizmg the Group A strains as con 
stitoting a species in the generally accepted bacteriological sense Its relation to 
the strains fallmginto other antigenic groups will be discussed m succeeding sections 
There remains the question of the correct specific name The name Sir hamolyticus 
has obtamed wide currency It was used by the Committee of the Society of 
Azaeiican Bactenologists to denote the type species (Winslow et al 1920) and we 
adopted it in the firet edition of this book. 
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But tlic knowledge that has accQmnIated during recent years seems to us to 
render the name IDcon^enlent and misleading If wc adhered to it we should 
nolongermeanbyS/r AoTnofyticttsa hsemolytic streptococcus ore\ena strepto- 
coccus g ring ^ bffimoljsis but only a particular group of streptococci falling 
into that category ItthetefQiCBeemstouswuertoseverttotheiianieSjr fyogentt 
defining that name as equivalent to a stieptococcus of Group A with the proviso 
that this definition may well ha\e to be modified in the future 

Before leaving this group and tnnuiig to others we may note bnefly the eiialenee of 
certain strains that have been isolated from milk and from the throats of infected persons 
during iniU. borne ep demica of tonsillitis (Dans and Rosenow lOP Dans 191” 19”9 
Stokes and Hachtel 191” CappsandDans 1914) ‘Jliese streptococc differ from the class 
ical Sir p jogents only in giving muco d or semi muco d colonies on blood agar plates and 
in sbowmg well-defined capsules. Because of this difference Davu allotted to them a 
separate specific name Sir ep dem eva It seems very doubtful however whether tlm 
proceduio is justified. Although Sir pjogtnes is not a capsulated spcces in the same 
EC ise as Sir pneumon <e it not infrequently fonns recognizable capsules when growing in 
the tissues, or during the first few hoars of its growth in serum broth. Scelemann and 
Hadenfelilt (193 ) compared a Urge number of strains bearing the label Str epiJem eva 
with tiTi cal etiains of Sir pjogenta and were onable to dutmgnish between them On 
the basis of the avaihble evidence we tluak that the name Sir epuientfcva should be pro- 
vu onally discarded and that the etra ns bearing that bbcl should be included in (be 
spec es Sir pjoQtnu It may be noted (hat there is some tendency for other organisms 
to produce capsules when growing m milL. 

^im lariy there seems to us no adequate reason for allott og different specific names to 
strains that whJe possess ng all the essential cbaTsctcrs of Sir pyvjt^u differ from one 
another in regard to certain fermentat on reactions. We should not therefore neognue 
^Slr nfrtquena fermenting mSAiutol as well os sslicin ot A Sir on^sartis fermenting 
ne ther of these sugars. Itis indeed bynomeansceitainthataUthoatmmstowL chthese 
names hare been attached are true bsmolytic streptococci of the pyogenu type 
Group B 

The streptococci of this group share in common a group epeufic antigen that is carbo 
bvdrate in nature and differs from the gronp-specific antigen of Group A, or of any of the 
groups subw?quently described. Croup B streptococci nre further divi-iblo by prec p ta- 
tion or agglntuut on tests into four mam aritigenic types, and by absorpt on of ^glutmm 
tests into a number of sub types. Tho tvpe-specifio ant gens within this group are appar 
eutly i ot acid soluble proteins but complex carbohydrates of a different chemical structure 
from the carbohydrate that determines group-specificity 

Streptococci falling within this group may or may not produce p hicmolysis in blood 
agar plates It would appear (see Stahleforth 193”) that something over half of these 
strains are p hsmolyt c but the exact propori on is stiB a subj "Ct of controversy Brown 
(1937 1939) shown that the hxmolylic slrains are chanictenzed by the formation 
of a double rone of haimoljsis which is best wen around deep colonies m rabb t blood 
agar meubated for 43 hours at 3 ” C and refrigerated overnight Although many haao- 
lytic Group B strains yield a soluble hamoljsm it would seem that this character is much 
less constant than with Group A strains and tho titles of the filtrates obtained are 
u-uolly much lower 

In regard to their other b ological and b ocbenucol characters Group B strains differ 
from Group A strains in that they prodnro a lower final pH m glucose broth (4 2-4 S) 
hydrolv^ sodium hippurate and nsuoUy grow both on 10 per cent and 40 per cent, bile 
a-rar They resemble Group A straina in failing to reduce methylene blue m milk and m 
fermenting trehalose hut not sorb t<A. Sucrose and glycerol are usually fermented 
mons and Keogh 1940 Gunsalus and Sberman 1943) but mannitol rafliuose sorb tol. 
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and mulin ate not , the reactions m lactose and salicm are vanable (Eroim 1939; It 
may be noted that a considerable pcoportioii of Group B strains form pigmented colh 
asually yeUoiv or red m colour (Orla-Jmsen 1919 BJummer 1941) 

The great majority of Group B at»u» that hare been adequately identified have been 
isolated from cases of mastitis in cattle Ut many eases imder conditions which have made 
It almost certain that they were the primary cause of the disease Thev have occasionally 
been isolated firom the normal bnmaa throat end vagina They are very rarely 
pathogemc for man. 

Group B, like Group A, dearly demands a label , and we feel that it nia> pro 
visionally be accorded specific rank. We follow Klimmer and Haupt, and 5Laett 
and ilia colleagues in giving it the name S(r agalaeiia (Kitt 1893} (see Klimmer and 
Haupt 1930, ilinett 1935ii) m preference to the name Sir tnastilidis contagiosa 
assigned by htocatd and SIoHcrcaa (1887) to streptococci isolated from a similar 
source There can we thmk be no doubt that in defining this species antiginic 
structure shoald tale precedence over luemolysia production as a sjstematic 
entenon, and that the specific name should be apphed to the non hajmolytic 
as well as to the hremolytie strains. We shonid therefore, describe hmmoljsm 
piodaction as being an almost constant character within the species Sir pyogenes 
bnt a variable character mthia the species Sir agahetta whether the non 
hsmolytic strains of £(r cr^aferttm should be classed as a distinct variety the future 
mu^t decide 

Croup C 

The strains that fall within tins group ebare a common gToup>sp"ci&c pol^’Boccharido 
antigen The existence of a nomber of aotigeoie trpes can be di moostratod bv agt^lDtina 
tion Of GnUth a ongioal senes Types 1 20 and 21 were bter found to belong to Ibis 
group Five further types amoog buinan strains bavo been differentiated bv Simmons 
and Keogh (1940) and fire amoi^; eqotne strains by Bazelcy sod Battle (1940) The 
type specific antigen appears to be of protein nature On blood agar the colomes tend 
to be surrounded by a rather larger zone of tuemolyBis than colonies of Group A the outer 
edge of the bxmolytic zone being baay Coloiufo of the typical Sir tgut type are large 
honey .coloured and of very nscons consistency if closely adjacent they readily flow 
together formmg a streak of sticky material Most but not all strains form a filtrahle 
bxmolysiQ, 

In regard to their other biological and biochemical characters Group C strains display 
certam significant differences among themselves They produce m glucose broth a final 
pH mtermediate between that produced by Group A strains on the one hand and bv Group 
B strains on the other therangecoveredbythegronpasa whole appears to vary between 
pH 4 5 and pH S-4 'No Croup C strains hydrolyse sodium hippurate Jfani of them 
grow on 10 per cent bile agar bnt few on 40 pet cent bile agar On the basis of their 
aetjx® wi IrehaJose sod scvhitcd Groop C streptococci csui be differentiated into three 
sub-groups (Edwards 1934) One of these sub-groups ferments neither trehalose nor 
sorbitol another ferments sorbitol bnt not trebalose a thud ferments trehalose bnt 
not sorbitol 

There is a correlation between fennratattoo reactions and habitat that gives to these 
sub-groups an importance that they would not otherwise posse® Most of the strains 
beloagmg to the trehalose negative sorbitol negative enb-groiip have been frolateil from 
horses particularly from cases of strangles though they have also been obtained from 
infections m other animals They are fnrther differentiated from the groups of strepto 
COCCI that have been described above bv fhetr fadnre to ferment lactose ITiey share with 
these other groups the ability to ferment mhcin an 1 the mability to reduce nicthvl ne 
blue m milk This sub group clearly corresponds m its b ochen i-al characters to the 
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Sir tqtti of many authors Accordu^ to ^utey and Battle (IWO) all etrama of this 
8ub group fall into one serological type— l^pe 1 The second sub group ferments sorbitol 
but not trehalose, and fails to reduce meihyleno bine in milfr. Serologically, it comprises 
two typw Typo 2 is the more numerooB, and is distinguished by fermenting lactose It 
has been isolated from respiratory catarrh of horses, and from a rsnety of lesions in horses, 
cattle, guinea-pigs, rabbits and so on 3 does not ferment lactose, and was found 

by Bazelcy and Battb only in eqnme respiratory catarrh 

There is as yet no endenee that streptococci belonging to this, or to the preceding, 
sub group are pathc^enw for man. 

The third sub group la characterized by the fermentation of trehalose but not of sorbitol 
The strains belonging to this sub-groop hare been denreJ both from animal and human 
sources, and it seems clear that some strains at least are pathogeme for man Three of 
Griffith s 27 types of human pathogenic, bxmolytic streptococci belong to this C sub- 
group, not to Group A All strains of this sub group are recorded as fermenting sahcin, 
but the action on lactose appears to vary Tbo results recorded by Edwards (1931) and 
by Hare (193o) suggest that many of the ammal strains fail to ferment lactose, while 
almost all the human atrains act on this sugar Among equine strains Bazeley and Battle 
(1940) found that the great majority did not ferment lactose , these fell into their sero- 
logical Type 4 A few, which did ferment lactose, fell into Type 5 Simmons and Keogh 
(1040) who studied 1C9 strains of human origin falling into the trehalose positive sorbitol 
negative sub group were able to dmde them into seven further sub groups on the b-isis 
of lactose jcscuhn, araj*gdabn and raffinose fermentation 5 these boro some relation to 
the eight serological types — Types 7, 20 and 2! and five new types— which they were 
able to distinguish by agglutination 

The labellmg of Group C hemolytic streptococci preseuts a problem of some 
difficulty There is no specffic name that can be appbed to the group as a whole 
One sub-gioup of stiams, however, does seem to merit special atte&tios, namely 
the group of trehalose, sorbitol and lactose'oegatir’e strains, responsible for strangles 
m horses, which produce charactenstie colomes, and fall into Baeeley and Battle’s 
serological Type 1 If Bazeley and Battle’s ^dings are confirmed, then it may 
be justifiable to apply the specific designation Sir rjui to this subgroup The 
term Str dysgalactiw is m common nse among vetennary bacteriologists to denote 
a non hsemolytic streptococcus responsible for some cases of acute or subacute 
mastitis m cattle (see Minett 1936, Stablefortfa 1942] According to Stableforth 
(1946) this organism contains the Lancefield Group G carbohydrate, and should 
therefore be included with the other strains that we have just desenbed Its exact 
relationship howei er, to these strains is still under study and the specific name 
that it has been awarded should be regarded as pronsional only 

Group D 

Great confusion has existed in the past between (a) the haimolytic streptococci 
falling into Group D, (b) the enterococci — -usually non hiemolytio — ^isolated from 
human fseces, and (c) the lactic streptococci — abo non hamolytic — so frequently 
present in milk 

Group D harnoli/tu! slreploaxa — ^Lancefield (1933 1941) has recognized a group of 
hsemolytic streptococci that are charactemed by the possession of a specific polysaeehande 
antigen. These organisms are generoBy known as Group D haemolytic streptococci 
They have been isolated mainly from cheese and from hnitian faeces Morphologically, 
they tend to assume the diplococcaj vathec tlma the streptococcal formation On horse 
blo^ agar they give nse to 3 hsmolytic cokmiea Some, at least, of the strains are capable 
of produemg a fijtrable basmolysin nndCT special conditions (Todd 1934, Plumtner 1941) 
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They giro ft low finnl pH in glocoso broth {4 0-4 8) They grow freely on 10 per cent 
and 40 per cent bile #g»r They reduce methyleno blue in milk They are heat resistant, 
mthstJUidmg & temperature of €0*0 for 30 mimitca They fail to hydrolyse sodium 
hippuratc They fcnaent lactose, sahnii, neatly alwayg mannitol, and nsnally but not 
always trehalose and torhitol 

EnlfroeoKi — 5Iany bactcnologisla, eapecully of the French school, have long recog 
lured the occurreaeo in the human lotcatme of a characterutic streptococctu usually 
occurring m pair* of ovoid cocei, somclimca in ahort ebauu The charactcnstie morphology 
of this organism was desenbed by Thiercehn in 1899, who called it the Enterococcus , 
and tinder that name it has made freqocnt appearances in later literature 

The Interrelation of the itreptococci of the human intestine has been studied by I>]ble 
(1921), whoso paper on this subject affords an admirable example of the methods which 
should bo employed in differentiating bacterial groups He tested 134 strains of strepto 
COCCI from human fawa as regards their beharioor in a largo number of btologieal tests 
includmg heat reeistance (see Houston and McCIoy lOlC) and chain formation as well as 
various biochemical reactions , and mcastiTed the association between different pairs of 
reactions by calculating a statistical coefficient of association. Using one such coefficient 
which pves the value of 4* 1 where the association between two characters is absolute 
0 where there is no association, and — 1 where the ehaiactera are mutually exclu'ive ho 
otitAined the following raIcTe!i for the association between a particular senes of characters 
among hia 131 strains 


Ifeat Twustance and mannitol fermentation 
„ „ „ raffinoeo fermentation 

I, „ „ chain formation 

SUnnitol fermenUtion and chain formation 


+ 0 93 
— 085 
-0 9C 
-0 93 


Heat reaistauce, as here designated, was tested by the ability of the various strains to 
fumre heating at CO* C for 30 minutea. Tboee organisms were classed aa chain formers 
which thowed any wide departure from the diplococcal form Hiblo thus succeeded m 
demonstrating the existence In human faices of a charudenstie group of organisms which 
pomeased a predominantly diplococcs) morphology, were nnusuaVy resistant to heat 
almost always fermented roanrutol, and very ecldom fermented roffinoee It may be added 
that the streptococci belonging to tbis group constantly fermented sahciu, very seldom 
fermenbd inuhn, and gave good growth on gelatin at 52*C About 10 per cent of them 
liquefied yelatui. Kono of them caused bwmoljsis in blood agar, or produced a green 
pigment In a later comnmmcntionlWeatberall and Dibte 1929) it was noted that some 
strains of enterococci, having all the characters referred to above, produced areas of 
hwmolysis when grown on blood agar platea , but no fillrable hicmolysm could be obtained 
by the usual me thods of cultivation It soems clear that these hsmolytic stmma correspond 
to the * Group D" baemolytie streptococci referred to above 

It bos slre^y boon not^ that streptococci from the liumsn fvees grow freely in the 
presence of bile (Meissenboch 1918) and reduce methylene blue in milk. They have 
also been shown to produce a low final pH in glucose broth (Sherman and Stark 1031), 
to grow at both 10* and 45* C, and to dcreh^ la skimmed milk containing 1 i,000 
methylene blue Host strains belongtng to this group produce no change on a blood 
agar medium, though a few have been described as forming a h*molytio or p hsemolytio 
colonies According to Ehnsmann (1943) the effect on blood Is ranablo 

Lnciie tfrtplocoeet — Gflnthcf and ThicrfeWcr (1895) described the occurrence in milk 
of an organism which wasresponslbleforspootaneooaaounngand clotting They described 
the organism aa a abort baciUns , but Ifetnemaim (1906), when mvestigahng the bacterial 
flora of milk some ten years hter pointed out that a particular streptococcus, which was 
almost constantly present in fresh milk, was probably identical with the organism of 
Gunther and Thierfelder Baehr (1910) confirmed the frequent presence of this strepto- 
coecos and noted that it prodnecd » la^ amount of acid, and rapid clottmg Kuediger 
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Both U-sts Rlioiikt bo conducted in glacoao kmco broth In Iho 45® C teat the tcnij crituco 
of tho water bath must I c controllwi to ±0 1* C , m tho pll 0 G teat the reaction of the 
medium must i e odjusUn! immeifutely btf re> use the tubes shoul I be incubated m an 
anxrol ic ronlaimn^ swU lime and Iho pH of unuioculilctl control tuJies should be 
chetWwl 1 V the pliM rlectrotle immediately before anil after mcubalion ProTidod that 
the teats are cam«l out imd.r as standard conditions as possible and that oonipleto 
iinirofrniti m every respect >3 not insisted on it is often possible to allocate individual 
ftrnins to one or other group (Table 39) 
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SmcQ the lactic streptococci belong to a dilTcrcnt scrotogicil group (Group N) 
tlicj* need not bo consKlcrcd hero Group D haemo)^ tic streptococci and entero- 
cocci rcQuirc a little further dt«cussion Numerous epccies have been recognized 
and mmed among these organisms 

Sir rymnrjcflM for example of MacCallum and Hastings (1809) which is hiemolytlc 
ferments mannitol liquefies gcUtm and d ^wta easem appears to correspond to tho former 
RTOitp and Sir /crenfis of An treac* and ilotder (IDOC) to the Utter group S(r Ivjw 
/aftmiol OrU-Jenvn (1919) revmbW J/r fiteahs, but hquelies geUtm and digests casein 
Sir rfurons of Sherman and U mg (1937) is p h»molyiie grows at 60* C but does not 
usually ferment cither manmtol or sort ilol Sir gl^nrvtetiu diETers from Sir ftecahs 
in fermenting glyeeroL Sfr iorM an I Str tnoUeeu* (seo Orja«Jensen 1919 Ayers and 
^^udgo 1023) revinble each other in b.rmentmg raflinoso but not mannitol their relation 
haw ever, to tho enterococci is still in doubt 

In conmlcring tho nomcnclatnro of this group wo must determine whether 
any single species catf be defined rigidly enough to enable it to be recognized and 
distinguishcil from other species by tests that yield consistent results Unless 
wxj can do this, the use of a specific o'lmo tends to bo misleading rather than helpful 
We think that it is now possible to define broadly Sir facaUs in this way Ignoring 
the absence of hmmolysis, we see that the enterococci differ in no important respect 
from Group I) hasmolytic streptococci Wo should therefore define Str fa:cah$ 
as a coccus arranged in pairs or very short chains growing m the presence of bile 
salt, usually resisting heat at fiO^C. for 30 minutes, almost always fermenting 
lactose, mannitol, sahcin and usually sucrose trchaloao and sorbitol but not 
rafiinose or inuhn reducing the dje and forming a solid clot in litmus milk and 
possessing the specific Group D polysaccharide subsidiary characters being the 
failure of most strains to hydrolyse sodium Lippurate the production of a low 
pit (1 0-1 8) m glucose broth and the ability to grow at temperatures between 
10® and 15® C , in skimmed milk containing 1 1 000 methylene blue, in lactose 
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(1912) DoW tb/‘sb«enc«ofhira]oljsisoabloodazsrpbt««. SbcTnanand AIbTis(I9IS) la 
& durfol cornparatire *tndv of strains of tins orgaoism ss i of oltw strains rf^er’td to u 
Sir pjopwit? not«J the foUoinng {xxata of dtfiereocr Tho Uctic-acid ftreptooocwis 
prtdonnnantlT as diploeocci or alral chains, it dotted ant within 24 fcocis, it p^idaccd 
high aadity in milk {0 75 per cent, or Bor» measarvd as lactic acid), it grew well at 10* G, 
but Tcrj- poorlc at 43* G and it rapidly redoeed methrlene blue, Ltmos, indigo carmis* 
and ceatrd red. Incachoftbesecharartersitdiffeiedfharj^rfrora^lr Aje** 

Johnson and Madge (1924) report that the Urbo^od strep*©^^!^ prodneea birb acjd.tT, 
rapidly clots and deeolonzes litmm twiTV. and tedncea methylene blae. or Janss g’een. 
Hus pirticalaretieptococcns haa fw loog eojoped epecifie rank, nnder lie titk5£r £*,*1? , 
bot it win b© noted that manrofits most «rikingciaractens*ia are thai«d by enterococci. 
Ajeis and JoinsoD(1924) earned out acarefa) eomparatice etndy of these two tepes, te*tiag 
t^m as regards their reaction on blood aar. their morpholcCT, their abiLtr to withstand 
beatisg at 60* G, tbcir reaction m litmus milk and Jaons g reen oediam the.r ferm<^tatwn 
reactions, and the final pH attained. Tier wete ncable to detect anr diSerence m be* 
baricmr except that enterococci appeared to form acid somewhat less ngoromic than 
Str loeUt Kleckner (1^*35) also cooclodes that it is sot poeib^e to difierRitute wi h 
certaintT between Uctic-acid etteptoooe« and enterococci. Ihondi there aie minor points 
ofdifTerenee SlanTetramsoflacticaadstreptococfl for instance,^ to ferment masmiol 

Tbe ongiB of lhe«ip streptococci in milk is an nascJred problem. It areas cfeat that 
they are not normal inhabitaata of tbe tow a odder, bnt find their war into tbe miH. from 
some oatade soorte (Sherman and Albas I91< Aver*. Joharon and 3rnd» 1924). Stark 
and SheRnan (1935) hare recorded their common cecarrenee on certain plan it. 

The reUtiOQ betTeeo these three groops of streptococci has become c!an£ed 
as tbe re«ti]t of recent vorL In tbe fit«t place it has beea *hevB br G*ahsm 
and Bartler (1939), Sheman, Smiley and Ntrea (I^IO), Seelezaana and >ettbohm 
(1910) Shattoch and MatticL (1913) asd T:hwtTnann (1913) that tbe enterococci 
possess the «pecific carbohydrate antigen of Group P hsiaelytic streptococci, bat 
that the lactic streptococa do not. It anmld appea- that the eatenrocei diCep 
from Gronp P hsmolrtic streptococci only in their fallare as a nde to pnidcce 
characteristic hsmolysis in blood ata* In the *«oad place, careful companion 
between ^trains of enterococa and of lactic 'trepfococa has revealed differences 
in their resistance to beat and in certain growth characters that appear to be of 
«ome cUssificatoiy ralne Sherman and his co-wo'kers have been mort active 
m this field. In 193t, Sherman and Starl fonnd that enterococa withstood 
eiposnre m steiOe •kimined tntlk to a lemperatme of 65* C for SO minutes, grew 
vigotoasly at 4o* C , and developed in a lactose agar medium baring a pH of 
9-6 or contaiomg 6-5 per cent, sodnnn chlonde, whereas lactic streptococa did 
none of these things. 

Tests of tbm arwt, la which the result depends on « namhw ofiLSeient factors htsidfis 
the ena’" oos nrxipe eixminatioD, are eeldenn salJ£lac*orr, and it is not rurpTwim: there^cce 
that the finding of subsequent wmirrs hare rwned considerablr Shattock and 'latiick 
(1943) find that resistana testa are be*t cam^ oat m broth at 60* G, that sjeoal pre- 
cautions haTe to be taken to mamtun a pH of 9 6 m lactase agar, and that growth of 
enterococa m the presence of 6 5 per cent. \aQ is often so poor as to raide- this test 
of Lttle value Ehnsmaim (1943) finds the beat-cfuftance test nnreliahle. seme true 
enterococa proving sm-ceptibie, and eome Cecal streptococa otli» than tbcee bekssring 
to Group D proving resistant HoVb* (1939) workup ra cur laboratory, noted s nnmte 
of disoepancies m tbe behavioor of fceeolu and laetu strains m tie Sherman set of tests 
and TV.T .jTT'.iTin (1943) m Gennanv tnwajr ot^Errations «i f»ai strep*oe««. 
According to Shattock (1945) the only two i^bfcte<ts are growth at 45*G and at pH ‘H*. 
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Both tesla should be conducted m glucose lemco broth Id the 45® 0 test the te/npentur© 
of tho water bath must be controlled to ±0 1* C , in the pll 9 6 test the reaction of the 
medium must be adjusted immediately before use, the tubes should be incubated in an 
acerohio jar contaming soda Iirae, and tho pH of umnocahitcd control tubes should be 
checkcil by the glass electrode immediately before and alter incubation Provided that 
tho tests are earned out under as etondard conditions as possible, and that complete 
uniformity in every respect is not insisted on it is oft«i possible to allocate individual 
itraina to one or other group (Table 38) 
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Smcb the lactic streptococci belong to a different serological group (Group N), 
they need not be considered here Group D hasmolytic streptococci and entero 
COCCI require a bttle further discussion Numerous species have been recognized 
and liamed among these organisms 

Sir tt/nw}ents, for example, of MacCallum and Hastings (1800), which is hamiolytic 
fermenU mannitol liquefies gelatin and digests casem. appears to correspond to the former 
group, sad Sir /cKaUt of Androncs sod Horder (1900) to the latter group Sir li^ue 
fac%em of Otk'Jensen (1910) resembles Sir Jaatlu, but liquefies gelatin and digests casein 
Str duraria of Sherman and Wu^ (1937) is fi h»molyttc grows at 60* C but does not 
usually ferment either manmtol or sorbitol Str glycennaceui differs from Sir fmcalu 
in fenneating gljoerol Str hotrn and Sir tnttltceKS (soe Orls-Jensen 191& Ayers and 
hfudge 1923) resemble each other in fermenting raffinosc but not mannitol , their relation 
however, to the enterococci is still in doubt 

In considering the nomenclature of this group, we must determine whether 
any single species carfbe defined rigidly enough to enable it to be recognized and 
distinguished from other species by tests that yield consistent results Unless 
we can. do this, the use of a specific name tends to be misleading rather than helpful 
IFetJhuxd. thatttjssowpoasihie-todeSiiebTmdijSSr/ircalisiD this way Ignoring 
the absence of haemolysis, we see that the enterococci differ in no important respect 
from Group D bsemolytio streptococci We should therefore define Sir faxalts 
as a coccus arranged in pairs or very short chains, growing in the presence of faile 
salt, usually resisting heat at 60*6 for SO mmutes, almost always fermenting 
lactose, manzutol, sahem, and usnaUy sucrose trehalose and sorbitol, but not 
laffinose or inulin, reducing the dye and fbmung a solid clot in litmus milk., and 
possessing the specific Group D polysaccharide . subsidiary characters being the 
failure of most strains to hydrolyse sodium hippurate, the production of a low 
pH (4 0-4 8) in glucoie broth, and the abihty to grovr at temperatures between 
10“ and 15“ C , in ikimmcd mdk contamnig 1 1,000 methylene blue, m lactose 




STBSPnyv(x:vs 


broth coDtaming 1 15 (XO potasaam Idhmte, and on lac*o*** a»ar at a pH c' 9-6 
or containing 6-5 pr cent Nad It laav be noted tia‘ S.r facalu pCbSi^ea ti* 
nnC5i^ property among ftrep'ocoea of bong nuennlive to p^mdUin 
193“^) It ««ems to ns Terr donbtfisl arhet^e- any o her m-nb^rs of tka gtxip 
can be aligned cpeaSc ranh, and wz should a-ree mth Sha *o^l and Hs^tiik 
(1913) in r^ardingfo* the present the -ymosena# and durnar o’gan.ims 

as varieties of Str facalxt Sfr ^ywnaeeut has no even to a van'tsl 
came. The postion of Str hems mns* antt farther observations. 

WHhm the enteioeucena g*Twp aa attempt hu 1«5^ r^.%A^ to \ 

tvpes. bat so far Lttl« f fogi es s has been mads. TASoefieH (JWl) *t4l^« that she has 
been able to define three trjes, diSmrg appareaJv m th* rsatece of tlw polrsaecharsis 
aatirea and Grembach and Schoetz (I93>) chum to have dirttagaa-h^ i»‘Tea trpes by 
agrfa tinatio n. \Vb*^her these tvpes occ m sntha thi^ speeses S r fxealtj as we have 
defined it, at (cm^pond to any of its vanetKS, it u a* p - pa «p . t cspce^le to aav 
Croap E. 

The few strains beloBging to this aatigeme group were tse^ted from eowa br 
Lancefield (1933) In new of th^ email namle-v of strains exasuned, it u too eadv to 
gire anv g'wralized description of the other group eharacten LaaorSeld (1941) has 
recognaed one an ineni'' tvpe. 

Craap F 

Ihis group has been difienctuted bv Lanoe&ld and Hare (1933) and hr Hare (1935) 
It possoasea a chancteniti<' groap-epevifie polmtvhu>de actigeo. br means of which rt 
may be tdeolified. Bhs(I93') hueetabh.hedfoQraahr'uuetTpeabT theoseofinespeta- 
tion and aggloUaatua tests. 

Groop F strains grow tlovly os blood agar plates, limcias rsa-pcist trans- 

parect cokmes rstronnded br s ttatrow tone (1 5-1 8 iwi“»- m diameter) cf fi-hmat^Tvs. 
Tber are tdesCeal with the ttzaju described br Lmg and Bhsi (I934)a9 “mmatehamso* 
Ivtte etreptoooca ” Tl^ do not. wb>ui tested bv the nsnal methods, fora a filtrahl* 
h«3c4yn3 acting on bor<e blood, but aoocediag to Ploamer (1^1) ti%V dofonn a Eltrabfe 
hzaolTeia for eb*ep blood. 

Groop F strains prodaoe a final aoddy in glxoc»» broth of pH 4 5-5-2. They do not 
favdiolTse eodma toppora^ do not rninse oethrlece Mae in ir.ilh. Ther do 

not grow either on 10 omt. or on 40 per wot. bile a'v Scene but not ah, stmns 
fensent trehalose, non* fersynta sorbitoL ^ that hare h*e> tested fermes* lac'cee 
and sahem. 

The strains that have been idestified as behxirsig to tks p o u p hare been denred 
mainly froa the human thraat. There is aoae endeooe that ther mar be tespcosble 
for oceaennal cases of tonsillitis, and perhaps for otha* mfectiocs of the i^psatcsr tract. 

The pronaonal label for this group u dearly ** Groiio F hsmo’yfa'* str^a- 
coyi, with a p-oriso that we are no* innsting on the demonstratioa of th» fonss- 
tjon of a filtiable hzmolvsin before adm.tticg a strepfocoeens to the hsmolytte 
class. 

Cronp C 

The strains of groop share a commea groop^peofic pdysacciajide antsr^ (lance- 
field Hare 193o Plommer l*43o lancefidd IMl) Hare (1^3) i»*€s that ssoe 
sera pnxlaeed by the iny-ctioa of Group C strains tevd to give erceS'feeeijs.atKB with 
extracts &t5in Group G strains — a circsimEtance tlat appears to be doe to th«r posseasoo 
ofa comooD protein antigen (Laneefield 1911) O'gaaismsfiominaHeolesueaofGTOttrsC 
and G strains resemble each o'her m fennentis, trehakjse but not wvbitd, and in pua- 
dncic., £bnnc4ysin and strcptdjam O A xmsalw of aatiresi."* typM have bed dis- 
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tinguished by Simmons and Keogh (IWO) among both the large colony and the so called 
minute forms of streptococci in this gronp, and Bhss (1037) haa recognized one type, 
which was identical with her Group r Type 1 

As regards their other biological and biochemical properties there appears to be a 
conflict of endenoe in regard to the final pH attained in glucose broth PJummer (1935) 
giTca this as pH 4 4-4 0, which would place these strains in tlie “high acid’ group, 
but lAnccfiel 1 and Hare (1935) and Hare (1935) giro figures of pH 4 6-5 2 Group G 
strains do not hj-drolise sodium hippuniie The majority are able to multiply on 10 per 
cent bile agar, but few on 40 per cent bile agar They do not reduce methylene blue 
in milk They ferment trehalose, but not sorhitol AU strains tested hare fermented 
lactose, but the firmentation of eahctii appears to be less constant than with Groups 
A, B and C 

■Most of the strains tliat have been identifioil as belonging to this group liave been 
l«ohted from man a few from tlie monkey or the d<^ bcveral of the human strains 
linvc been denred from normal persons but Jt arems elear that some, at least are patho 
genic for man though there is a suggestion that they «el<lom cau«e very severe infections 
One of GnPritha 27 tvpcs— Tjiw 10 — of human pathogcrac h»mo!ytic streptococci falls 
into this group 

The Jabflling of this group should dearly be prosTsionsl It shows obvious 
reUUonahips to Croup C, and, apart from its antigenic structure, to Group A 
Theto seems no jeoson at the moment, to allot to it any speci&c name “ Group G 
hasmolyfic streptococci’* ndl serre our immediate purpose 
Croups K and K. 

Tbeeo two additional antiginic groups havo been differentiated by Hare (1935) They 
appear to differ from each other, and from the other groups of hminolylio Btreptoeocci 
Uiat have been desenbed in rega^l (o their group*specitio antigens Those ttrauu that 
bars been examined have sboun otlier ndtum) or biocbemica) cboncters that may have 
differential cigmficanco , I nt so few strains belonging to theso tno groups have yet been 
studied that it would be premature to do<cnbo their characters m any detail They 
hare all been leolated from the nose or throat of normal personr and there is as yet no 
endenco that they are pathogenic Ono antigenio typo has been recognized m Group K 
(lAncefield 1911) 

Groups L and M 

Those groups have been differentiated by Fiy (191!}, who has been kind enough to 
supply us witii the following information ^loet of the original strams studied were 
isolated by Dr Tom Il&ro from animal sources 

The majority of Group L strains came from dogs and pigs but two (Hooper and Krone) 
were isolated from the human throat by IVhito Rudd and Ward (1939) m Australia 
The colonies are small, but have a wide zone of p tuemolysis A soluble haimolysm is 
formed There is no growth on bile agar, and no hydrolysis of sodium hippurate Tre 
haloso is fermented and sometimes lactose, but not manmtol, sabem, or sorbitol 

Strams belongmg to Group 51 come almost exclusively from the tonsil of the dog 
no human strains hnvo yet been identificil Growth la extremely poor and the organisms 
rapidly die out On blood ogar the colonies arc very small but are surrounded by a 
wide zone of ^ hsmolysis A soluble hwiDolysm is formed, but It is weak and acta slowly 
Xoctoso is fermented, but not trehalose maniutol, ealicm or sorbitol Tho formamide 
methodofextractioncannot bo used for tins group, as heatmg much above 100“ C destroys 
the precipitinogen 
Croap N 

We have already x>ointed out, when discussing Group D streptococci (p 6S2) that 
the lactic streptococci can be distinguislied from the enterococci by a senes of metabolic 
and heat resistance tests, and by Ibeir failure to form the group specific polysaccharide 
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antigen common to the h-cmolj-tioaad non hsmoljtic members of Group D The observa 
tions of Sherman Smiley and hiiTen (1010), of Scclemonn and J»ottbohm IWft) and of 
Shattoek. and Jlattick (1013) liaye shown that tho tactic streptococci form a groap specific 
antigen of their own, and it therefore seems appropriate, m spite oflho absence of hiEino. 
l^-sis caused by these organisms, to include them in the Lanci field senes and assign them 
to Group Is There seems no reoson whr the chief representatire of this group, the 
iropcrtics of iihich have already been deaenbed. should not be awarded speafie rant 
and referred to as Sir Uiclia IVLether the clostlr albed organism, called by Orla-Jenscn 
(1019) Sir cremons is to be treated aimilulj u leas clear According to Yawget and 
Slicrman (1037) it differs from Sir tatits in tho slightlv larger size of its cells, its greater 
tendenev to form chiuis, its lower optmial temperature its greater susceptibOity to 
mcthjl no blue its future to form ammorua in a 4 per cent peptone medium and certain 
other minor re»pecle The«c difftrenccs seem to be far more sucgestivo of enviroiimcntal 
variation than of fued hereditary characters and it would bo wi«e for tho present to 
regard Sir ertmorta aa no more than a variant of Sir !aelu 

The (Hassifieafaon ol the a-htemolytic Streploeocci, — It has been noted in pre- 
ceding sections that streptococci giving a haemolysis with n charactenstic green 
coloration on blood agar plates, failing to produce a soluble hmmolysio, usually 
fcTtncnlttig luffinosc but not mannitol, and poasesavag ccitnin otbet ebavactm in 
common can constantly be isolated from the human mouth and throat and from 
the faxes of cattle The problem that confronts us is whether these streptococci 
form a group or a species and, if a group, whether the species of which that group 
IS formed are euQicicntly well ditTercntiatcd to be allotted specific names 

Ayers and kludge (1923) express the view that the a hsemolvtio streptococci of the 
bovme mteitino differ m certain muior ebanefm from the s kcmolytio streptococci of 
the human mouth and throat , an<l reference to several of the p-apors <}uoted above will 
reveal a tendency to accord the boruie stnuis specific rani under tho name Sir Iona 
It IS however bj no means clear that this procedure is justified or on what differential 
characters the proposed nomeoclnture la to l>e bascil Indeed there a some evidence to 
suggest that ffir ftoiis may be related to the Croup D h-tmolytic streptococci (s» Sliattoek 
and Mattiek 1043) 

Tliere is another streptoooeeus falling into this group that seems to merit separate 
coaoideration Freudenrcieh{ JS97) irelated a streptococcus from Kefir, a form of fermented 
mill This streptococcus has the u<iial characters of the vuidans t^pe (Sherman 1021, 
Ayers rl al 1921 Ayeis and Bopp 1922) BTien tested in the ordinary way, with a 
Durham fermentation tube, this orgaiu<m, bin olber streptococci, producre acid but no 
gas from various substrates If however, it is testcil in tbe Eldridgo fermentation tube 
in which It is groivn m a shallow layer of fluid metlium, frrtlj exposed to the air, and 
the CO, evolved is taken up by a standard solution of Uinum hydroxide, exposeil in a 
connected tube of the same kind as large an amount of CO, is evolved from lactose as is 
given off when that sugar is fermented bv Bad eati It would seem that tbe almost 
anaerobic conditions existing in the closed Durham fenrentation tube inhibit the produc- 
tion of CO, by the Kefir streptococcus It is difficult to assess the real sigmfiaiace of this 
observation emce we have no knowledge of the way in which most species of non gas 
prodncing bacteria would behave if tested m tho Eldndge tube, instead of m tbe closed 
Durham or Smith tubes m which thev Lave in fact been tcatcd , but no CO, was formed 
in the Eldndge tube bj «ncji of Jwr strains of etreptococci as n-ere tested by Ayers and 
his colleagues ineliiding strains isolated froDi tho bovine faeces, and the lactic acid 
streptococcus 

There can wc think, be little doubt that the a hmmolytic streptococci of the 
Mridatis type will ultimately be separated into a number of distinct species or types , 
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but -we doubt \erj' greatly whether it is yet pos-ulile to define wjtJi aiij esaetjf iide 
either aa inclusive species Str \nidans, or any of (lie fermentitiie types that hue 
m the past been given specific names We however, mention some of the 
properties avtnbnted to the maia types 

Str sahvanvs — ^Tins organism occurs m the btunaa mouth anil intestine It is said 
to form short chains, to grow at 45® C but not at 10^ C , to produce very lilflu givcniug 
on blood agar, to produce a low final acidity (pH 4 0-1 4) m glucos© broth, to clot milk 
to form a soluble levan from sucrose and to give rise to large mucoid colonies 

on agar contammg 6 per cent of either of these sugars, to ferment lactose rafhnose and 
sahcin, and to hydrolyse asculin hnt not sodium hippurate (Niven et al 1941 Sherman 
€l a! 1943) Most worLers record it aa being without action on mulin but Sherman, 
Niven and Smiley (1943) include this sugar among those that arc fermenteil 

Str mills — This organism also occurs in the human mouth Acconlmg to Sherman 
Niven and Sradey (1943) it compnses a much leas ham^eneaus group of strains than 
Sir sariranua It doca not usually grow at 45® C it forms good a bsmolytie colonies 
on blood agar, it does not produce so low an acidity in glucose broth as Str sahiariiis 
it often fads to clot milk, it synthesizes no polysacchando from sucrose or rafHnc«e it 
does not form mucoid colonies on 6 per cent sucrose agar, it usually firmenU lactose 
and Bahcin hut not as a rule rafjincise or inuUn. and it faib to hjdrolvsc soilium bppuiate 
or, with some exceptions, asscuhn 

Str e^Hinus — ^Thia organism w found in the intestine of the hor«e It is wiid to grow 
at 45® C I to produce go^ greening on blood agar, to produce no polv^accharide trom 
Sucrose or ramose, to hydrolyse tescuba but not hippnratc. to grou on blood agar con 
taming 30 per cent bile, and to ferment aaUcm but not lactose It is usunllv reported 
asfcnnentmg tafBnosc, but Sherman, Nmn and Smiley (1943) diaagrce with this statement 

Sir botu — ^This organism has already been mentioned under Group D Lcemolytic 
streptococci and on p 083 

Str audamtnmvs — Tius organism was described by Ayers snJ Madge (1922) who 
Isolated It from cows’ milk and fa>ces It is also found i« the vagma of tlie cow (htmth 
and Sherman 1939) It forms a b®molytic colonics on blood agar, it fails to grow at 
10® C or 45® C, it has very weak fennentatire projiertics producing a /lual pH in glucose 
broth of about C 2, it has some hydrolysing effect on hippunvte but not i^ually rm wscuhn 
it ferments lactose and sucrose, and Bometnnes manmto) but not os a rule Kohcin nr 
raSno^eiithashUloornosctiononhlmii^auVr .end wnwlkeoniarnwg J JOOOOinithvJene 
blue it falls to grow 

Sir tkermophUus — ^Tliw organism produces completely non hsemolytic lolomcs on 
blood agar, hut may conveniently be mentioned here It was described b\ Orli Jen.«en 
(1919) os one of the organisms that grows actively in milk at a tempemturo of 50® C 
It does not grow at 10® C , it is not destroyed by beating to G3“ C for 30 niinufes it forms 
long chains in mi'k, its colonies are of the pui point type it ferments lactose and sucrasc, 
butnot8ahcm,and it dots milk but has only slight reducing actionon the litmus WlirtUir 
disaccharides are femiented by (his organism without preliminary hydrolvsia to itiono 
saccharides has been discussed by Wnght (1936) and Sherman and Stark (1938) 

Omitting Sir tJiermophlu^, which is noa haemolytic, we feel that it is wiser 
at present to use the non-committal group term ” viridans streptococci ' for 
these organisms rather than the specific name Str v%ndat\s The strongest chim 
to specific rank appears to be possessed by Sir salnarus , aiul if the findings of 
Sherman and his colleagues are confirmed, namely that all strains of this species 
form a soluble polysaccharide from sucrose, it may he well to admit this claim 
The other named organisms, how ever, are the object of so many discrepant reports 
that any attempt to accord them spemfio rank would m our opinion be premature 
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Pathogenicity and Toim Produchoiu 

The ^anous speciea of streptococci deacnbed above include some of the most 
important pathogens of man, and are responsible for many infections of economic 
importance among ammals 

Str pyogenes gives nse to namerons pj«^eoic and septicstmc infections m man (see 
Chapter G7), as well as bemg the cause of scaiiet fever (see Chapter CO) 

It IS pathogenic for a number of laboratoiy animals, mclnduig the rabbit, the mouse 
and the guinea pig , but the virulence of diSerent strains for these ammsU is by no means 
uniform, and the guinea pig is often relatively resistant To obtain a highly virulent 
stram for the mouse, or for the rabbit, it is often necessary to test a large number of strains 
of human origin, or to adapt a strain to the nev host by repeated passage. TVhen a highly 
virulent stram has been obtained, its intravcnons injection leads to a &tal septicsemia. 
frequently assomated in the nhbit with sappurative lesions m the joints, and sometimes 
snth an ulcerative endocarditis IntrapentoneaJ injection is followed by a euppmative 
pentonitis leading to a aepticiemic infection , while subcutaseous injection is followed 
by a localued abscess, with or without a subsequent generalizatiOD. With some strains, 
so at least as the rabbit u concerned, intnden&al injection u foQowed by a spreading 
erysipelatous mfecbon of the skin, or by a more severe dermal infection leadmg to necrosis , 
and an infection of the latter type not infrequently ter mina te* as a septicemia. 

Str pyogtna a of particular interest to the pathologist m that it combines the capacity 
for tissue mvasion with the production t>f filtrable exotozins. 

One of these toxins, streptococcal tuemoIyBiD, has already been considered That this 
substance is toxic is the animal body, as well as being lytie for red blood corpuscles la 
nteo, there can be no doubt Its muumallethaldoseis targe{5-10al for the rabbit), but 
when administered mtrarenonsly xo this amount it lulls tbe animal within 34-30 boars 
with an associated hsmoglobmuna. and with evidence of mtrarmscular hsmolysis at 
necropsy (McLeod and Me^ee 1913, Channoo sod McLeod 1939) Weld (1931, 193ci) more 
recently described preparations of streptolysin, obtamed by extiactmg tbe oocei with 
eerum that are fatal for nucem a doeeofOl mL Streptococcal hxmolysm is. as we have 
seen thennolabde, being inactivated at SS* C m 30 As already noted, Todd (1934) 

has demonstrated the ptesence m lytic filtrates of two Lsmolysuu, one oxygen rensitire 
but reactivable by reduction and another which is oxygen stable but u very sensitive to 
heat and to acid Both are toxic, the S Ijp^ causing death by intravascular hsmolysis, 
tbe O type probably causing death by eome other means Specific antibodies, having 
protective properties and showing no cross-DcutraliiatiC'n, can be prepared against each 
type of haimolysin (Todd 19358) 

In addition to their action on red blood corpuscles, filtmtes of broth cultures of Str 
pyogenes have a destructive action on polymorphonuclear leucocytes. This was £r<t 
demonstrated by van der Velde (1894) lo his atudies on experunental mfectiom with 
streptococci , and he named the active pnnaplc kueoetdin It was subsequentiv shown 
by 5\ei5ser and Weehsberg (1900, 1901) that this action could be demonstrated in ntro, 
since the streptococcal filtrates, m tilling the fcnco<7tes, depnre them of there power of 
reducing methylene blue It was early noted that streptococcal leueoddm is relativelv 
thermoiabile, and most authors (see NaLayama 1930, Channon and 3IcLcod 1939) have 
concluded that its thermolabihty is of the same order as that of streptococcal biemolysm. 
Channon and McLeod conclude, from this and other observations, that streptococcal 
hsmolysin and leucoadin are identical , hut Nakayama regards them as different, a new 
that IS put forward more strongly by Evans (193!) and by Gay and Oram (1933). who 
dispute the previous findings in regard to the thermolabihty of streptococcal Jencocidin, 
and state that it withstands heating at 70*C for 30 minnles. Todd (1943) has broueht 
evidence to suggest that the leucocidm u identical with the oxygen labile streptolysm 0, 
and that it plays no part m the determination of nrulence to mice This probleni must 
be regarded as awaiting final solution 
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with Crtwp C BtrrptocwCT, ! ut not witli Gnnp h slTTpiococcj- TVt" t* taoe errl-ere 
tliat Uj** vinjJenw of Groap \ strains »s nso» tkeelr rrbttd to the trpe-4p«;S 31 jst4«a 
tIiantotb<‘poPfes3Csiofae3pfnle(«i«taa'»6cMl*4!>. 'n^i=:jx*taaceo'’hTaIaresiii4» 
IS likewise donbtfiiL Neither CVowW (1*44) srt><>«tndy»d yC ftrains o^'tssK^rtic 
oocci from human sosrees o<w Hamphrer (1*41) who e‘ijdicd SI ftrams of pcs»a=:«o«i 
from coaseoaljTe cases of parnimnnia. coaU find »av reUtica b* ween ti* ansjcst of 
hvalnromdase pmjdneed and the apparent Tirelesse of the strain. 

In snnanarv S.r jy^es prodneea the fcOowm:; tn-nr^ <3- »j~ess:T-e *3h*taa«3 
{see Chap‘er 4") which, la oas wav or another detensiae or ate asoeated with {stha- 
penic aclivj*T (a) hsmolv'm, (i) lentoodm. (c) errthrocmiie tann, ChnBiTsm, (») 
hyalnronie acid, (/) hvalsrccidase (3) trpe-apeciSe >1 p«ot«a. 

Str asalaetls. — Osr ^owled^ of the pathogen-atv ^<*<4 tomreflKi v of »**■« *pees« 
u, as vet, Terr incomplete. It p r o d oce a mastius in ca'tle, hot, so far as ocz 
fcnowkd'egocs, isnot pathoremeforman. ItapathcigeniatvfjctheEoeHe CTth-rah*^»t, 
IS low {Jliaett and SlaUe^octh ld3l, Mlne*t 1*33). Some bo* no* all , strain, pvcdnce 

afi] table hmmtJjsa,whichTcdl (1*34) hMfacad to becif{fc*oxv5ea-«lalBe,ry*i-ast.S«is: 

tvpe Str e^alfldi* prodaees a JencoeacLn is rot lasown. Jt *••«« b>ea shown hr 

Smith (192*) that strains of Leaalrti- strep’oeoco i»la‘«d from at Je mav peodasg an 
CTTthrc^ecic toxin that ts &ra.raLsed bv anb'oxin hot there is ^ eralso^ 

that the^ stra.ns were Sir e/ilat? a No emtinytmc toma was jro’aoed hr the Kaftit.s 
strains examined br Mlae't and StaUeforth (l*3IV r efJad a do« i»* peodaee a 
Cbnaolvsm artire amuns* homaa fibna (LantefieU and Hare 193;>, nare 1*05), tw a-amsi 
attle £bna. It prodocca hra!inc«uda<e. bet •eldra forms rap<i:lM . wh>ei t doea, t!r> 
apsnles do not c«emt of hvalsroRie and (tfrCkaa l<m) 

Str pstsaenie,— The poeomocoevos u an ispcrtaa* paJ^-'en o^ man. p'nnr rw 
to imecaonu, farti''QlsrIr the lobar fo*o. sintstLs, of .s jsedA less fre^oenllr 
soppnratire arthnus, c* pentotuaa, aisl cceasesalh’ othe' icfectass. 

It u huhlv patbo''muc fer the mosse and rabta* lath^ leas so fo^ the pcs. 

The at de^ a^ chicken are reUtrrelr mistaal. It u a chiracteruti'wSv crrxs.rr 
<»~aai5ia ansag a fatal bacte*wtn.c infeetMo when is}~c'«d rntnavecoe s lc an aea'a 
pentoniUs f-Jlowed hr bacte'waia when lajee'ed mtrspmtces^aDv, Ioca£c'd rwppcratiat 
followed bv genwahation when nj-eted sabmitaneoiijT and a «preadmg infiaininaicrr 
leaon followed bv generaLzaboa when I37*cted intrademnaUv in the rabbit. DiSe'en 
serokcncal trpes of pneumocoea mar show dfTema'ee 13 tbrir Txra>aee for di5'*mat 
labMatoTT anmials for inslaace maav ^trains ofTrpe IH f^e^rmoeoccnsar* r*li,jTelv 
aximlmit fw tbe rabli' tUDett 1*^) ^pvn. dwWnt rtra-s beianms to the sans type 
mav »bow wide vanaboBS in Timlexe as jcdjnl br their tnmr— ■«! I»tial d» IVith a 
*^313 of tn«yirn*l virj5ea« the iaj*cti«i of I 10 j5>»nmoc«a in*o lh“ pen.^'bm cf 
a mouse will ause an infectioa that lads to da h wiJun I'^a hosts. * 

In cemtnat to Sj the psirtiaoeoc'ens ts do* an aeticelv taurenie ceganifin. in 

lh“ •mi* of p^w3acins filtrable toxn^ Some ©leetkc^ have indeed. regarded it as tmnr 
derod of thiscapaatv andasaSbrdisga tvpialexamp^ofa ba**« giii 3 thepith«'"SJCitT 
of which IS de,«miaed eatnelj hr i,a powers isvaaon. assccu^.ed, of comse wi Ji the 
effects cf those pre«nmptiTV “endotoxins ” {«eeCLsprfr 44) that mTHtalwarsleeceioeiwd 
m invasrce bacterial mfcetvms. Tb<Tv is htJc d'wibt tfca* this caatast is a tro* caa, m 
the sen* that filtrable toxins pJav a mcch mere p-ommmit part a S.r pyyj^es mfeetijcs 
than m those da» to pnenmoeocei but the dSerecsce is not so al#^-*e as 1 has hea 
anpposed to be 

We hsTV seen that Sir pamtnoaiff jm<dac« a filtnbV hsmalran when crown imder 
optimal conditions. His B of the oxTsea-senstire tvpe, and is aatmsuc. Us- « 
emdenw (Todd 1954) that it bears scaie aatccw reUbceship to th* cuTEea-sKstiT- 
hsmolTsm Str fye^u ba* is eertainir not idesbea] with it. Omm (1*54) has 

dcscrbedtiiepnsencemp»iimoeoccaIfi3traJaefafcncoc^m,actrTefarra^ Wa-wrtes. 

the streptoeoeol fcneexadm described bp Gar and Oram (1933), this sa^staaee is 
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relativoli ttemoBtablo It la not inacti%ated m one hour at 70* C, but is completely 
insctiPated st S5*C /or a eimilar penoi} 

Several observera (JuliancUo and Iteimann 1926, Eeimann and JuLanelle 102t>, Mair 
192S| I'lttmaa and Falk 1930, Goodner 1931) hava noted purpuric lesions following tbe 
injection of pneumococcal estracta and antblyaates The active agent would appear to 
be an ‘ endotorm,’ « e gome constitnent of the hactcnal cell, ratiier than a soluble tosm 
It may be noted that Aveiy and Goebel (1933) report that mice may develop purpura after 
injections of tbe acetylatod form of the l^rpe I imeumocoecal polysaccharide, while this 
effect IS not produced by the deaceiyiated form 

Pneumococci produce bjaluromdase in varying amount, but there appears to be no 
relation between their activity m this respect and their vuulenco (Humphrey 194-t) 
DTiether they form a Ehrmolyam against human fibnn is not ccrtamly ^own The 
formation of the charnctcnslic fihnn network m the alveoli m lobar pneumoma m man 
would seem to make it unlikely that tbe pneumococci concerned act vigorously on human 
fibnn , but it would appear that they are able to attack rabbit fibnn or fibrinogen 
Goodoer (1931, 1933] has recorded that the oedema fluid withdrawn ftoui the spread 
mg ffidematous lesions caused by the injection of virulent pneimiocoeci into the rabbit b 
shm not only fads to clot, but retards tlie coagulation of normal rabbit a blood and 
that a eimxtir anticoagulant property is possessed by pneumococcal extracts and auto 
lysates The active substance is relatively thermostable, since it withstands heating to 
70'* CL for IS minutes Such autolysates when injected into the sluu together with a 
slightly virulent strain of pneumococcus greatly extend tbe area of the lesion produced 

Xone of the other groups, species, or types of streptococci that we have described 
above have been studied, m regard to their pathogenicity for laboratory animals 
in the same detail as <Ste pyogenes and Sir pneimonxa A few bnef notes will 
givo most of the information that we possess 

Streptococci o( Groap D — Tho organums of tlus group are tir less patbogemo than 
Sir pyoQtnts or Sir pflciitnonto! Ibey have boncv4^, occasionally been Kolated fioru 
the blood stream in /nan usually in cases of subacute endocarditis (see Chapter OS) rirely 
to other conditions They arc normal inhahitanta of the intestinal tract and arc not 
mfrequently present in suppurative abdonuinl lesions though their pathogenic role is 
often doubtful They are also not uncommonly present in infections of the urinary 
tract Their T7«iJ«nwfcvJihoratoiy araasslswuWMJJyJow Hilde(J92J) tested asfieral 
strains by injection into mice and 6 of these showed eome degree of pathogenicity It 
IS very probable that such pathogenicity as this group possesses is confined to particular 
species, or strams , and that many strains such for example as most of those isolated 
from milk or cheese are altogether non psthogemc It may, perhaps be noUd that 
the hannolytio strains belonging to this group do not produce a fihrmolysin activ e ogainst 
human fibrin 

Streptococci ot the Vlrldans Croup— The position of this group, m regard to patho 
genicity, is very similar to that of Group P Streptococci of the widans type are of 
low virulence, both for man and for ammals In man they are frequently isolated from 
localized septic lesions m connection with the teeth and gums and they are tho most 
frequent cause of subacute bacterial endocarditis Here again, it is probable that different 
species or types nithin the group vaiy conaderaWy in Uieir pathogenicity for different 
annual species Many of them are probably quite avirulent In none of them is the 
virulence high 

Very bnef notes must suffice for the remauung labelled groups of bicmolytio 
streptococci, since our knowledge of their pathogenic potentialities is as yet in 
its carbest infancy The data available are contained in the recent papers by 
Lancefield, Hare, and others, to which frequent reference has already been made 
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Hsmeljitie Streptococci of Cronp C arecertoinly pathogenic They have been frequently 
isolated from sapjmrativc and acute infiammatoiy le«ioaa in horses cattle, guinea pigs 
and other animals They have also been uolateil from human infections , but their patbo- 
^ genicity for man appears to be lower than that otSlr pyogtnu The human pathogemc 
fitrams that have been examined produce a fibnoolyain active against human fibnn the 
strains derived from animals do not 

Hsmolytle Streptococci of Croup F — The stnuns that have been identified as belonging 
to this group have been denved from minor infections of the respiratoiy tract in man, 
and from the normal human throat Their possible pathogenic role most be regarded as 
a\ib judtct , but their virulence would seem in any case, to be of a low order They do 
not produce a fibnnolysm active on human fibrm 

Hsmolytle Streptococci of Croap G — ^The streptococci of this group are certainly 
pathogenic They have been isolated from tonsillitis endocarditis and ■urinary infections 
in man Olacdonald 1939 Ranta 1942) from pneumonia m the monkey and from otitia 
in the dog They have also been isolated from the normal human throat. Sneh evidence 
as IS available euggesta that Group G bke Group C atrama, have a definitely lower virulence 
for man than has Str pt/ojtnu Group G strains produce a fibnaolysm acting on human 
fibnn. 

Hsefflolytle Streptococci of Croups E B and K — ^Tbere is as yet no evidence that the 
streptococci belonging to these groups are patbogenie. 

Hsmolytle Streptococci of Croups L, M, and N —Organisms belonging to Groups 
L and SI appear to be pathogenic for certom aoimab especially the dog Group N strains 
are appnrently non pathogeruc 

Vanatioa u the Cb&ncten o! Streptococci. 

It IS not always possible from the records to identify the stram la wlueh parti 
cnlar variations hare been obsened mtb one or other of the groups, species or 
types that hare been defined m this chapter It is, for instance eometunes im 
possible to tell whetber the term “ hieniolytic streptococci *' or Sir ^irmoJ’yficus 
IS equivalent to 5fr pyogenes, in the sense m which we have used that term In 
almost all the instances given below, however, the identity of the strain or strains 
concerned is not m doubt, and the reservation that it is necessary to male is little 
more than fonnaL 

VarlattOBS in Str pyeeents —There are many reports m the literature of the appearance 
of non hsmolytle ors hmmolytic variants m cultures denved from an onginallykxmolytic 
strain. These reports have at times been regarded as mvalidatisg hsmolyam production 
as a differential test , but m view of our more detailed knowledge of the factors that 
determine the action of streptococci on red blood corpuscles, it is clearly unnecessary to 
assume that the appearance m a culture of a ^ hsmolytle atreptocoecus of a vonaut that 
gives typical a hsemolysis or no hieinolysis at all on the surface of au aerobic blood agar 
plate affords an instance of the mutation otStr pgogenuinto a streptococcus of the nndans 
type or into a completely non hsmolytle form 

An lUuminatmg example is given Todd (192S6) By repeated mouse passage he 
was able to obtain from a typical ^ hsmolytle strain of streptococcus a varunt that pro- 
duced no hxmolysis at all on the surface of aerobic blood agar plates. When grown 
anaerobically this variant maintamed fuQ hsmolytK activity Moreover the aerobically 
non hsmolytle variant not only inactivated ite own hsmolyam when exposed to a free 
supply of oxygen but under the same cooditims inactivated the hsmolym produced 
by the original hsmolytle stram, if the latter was grown m symbiosis with it The appear 
anco of non hsmolytle variants m an onginallj hsmoIytic stram has, it may bo noted, been 
recorded by many other workers (see p 667) 
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Sir jtijogenes vanes considerably in cdomal appearance Adopting the teriniaology 
of DawBOHi Hohby and Olmstead (1938)>'neiaay recognize the following forms (a) mucoid 
colomes, probably corresponding to the pseudo glossy colonies of Todd and Lanoefield 
(1928) The organisms tend to be uniform in size, arranged m pairs or short chams, and 
to show capsulation when young In broth, growth is diffuse or finely granular , (6) matt 
colonies, probably representmg an Intermediate stage between the mucoid and the smooth 
colony forms. The organisms are slightly pteomorpluc, non capsulated, and are arranged 
m short chains or small clumps. The groirth in brolli is coarsely granular but not fioecu 
lent , (c) smooth colomes, corresponding to the glossy colonies of Todd (192So) The 
organisms tend to bo of uniform sue and to be arranged m short chams Growth in 
broth IS diffuse or finely granular , (d) rough coloniee, first descnbed by Eagles (1928), 
flat and very irregular in outlme The organisms are large, pleomorphic, and arranged 
m long chains Growth in broth is flocculent The type specific acid.8oluble protem JI 
IS usually present m the mucoid, matt, and smooth forma, but not m the tough form 
Its loss is associated with an abseoee of virulcnoe to mice (Todd 192Sa, Todd and Lance 
field 1928, Lianccfield and Todd 1&28}, but its presence does not necessarily signify that 
the strain is virulent The change from mucoid or matt to rough or smooth corresponds 
to the S — ^ It variation that occurs in many other bacterial species Accordmg to Todd 
(1930), who studied the influence of oxygen preasnio on this change, repeated subculture 
on Bohd media under aerobic conditions favours the appearance of smooth avimlcnt 
variants, hut cultivation under anaerobic conditions prevents it The effect of aerobiosis 
u apparently dependent on the forraatioQ of bacterial peroxide, the smooth vonants 
being more naisiant to this agent than the onguul matt nrulent forms In broth cultures 
the effect of inctnuiRg oxygen pressure by aeration is somen bat different, matt avinilent 
Tansnta tend to appear under anaerobic conditions, whereas the virulence of the ongmal 
matt strain is maintained when the culture is ftecly aerated even though smooth variants 
make their appearance The change from matt to smooth is not associated with a loss 
of the power to produce hiemolysui 

Vsrlatlons In other Croups ot Hasmolytic Streptoeoeel — Variant colonies of more or 
less sunikr typo to those found ui Sir pyogents have been described m other groups of 
streptococci The reader will find an lUnslrated description of them m the article by 
Dawson, Hobby and Oimstesd (1938) In addition. “ minute ’* or dwarf coloruea have 
been observed m Groups C and O by Long and Bliss (1934), Lanoefield (1941) and Blorton 
and Sommer (1044) Though, in general, the fcnnentatiou reactions of streptococci are 
relatively stable, differences have been noted in the same species associated with vana 
tions In colony forms For instance, in Group C, the smooth and dwarf colony forms 
are said to ferment lactose and trehalose, but not sorbitol or mannitol on the other 
hand, the mucoid colony forms fenuent sorbitol and manmtol, but not lactose or trehalose 
(Morton and Sommer 1944} 

VaiiatlcQs In Str pnenmonla — ^Tbe more important types of vanation that are en 
countered la the pneumococcus have already been noted in Chapter 9 The S — R 
variation is here associated with the loss of the characteristic capsule, and with it the poly 
eaechande antigen that confers type specificity Here, as elsewhere, the rough variants 
ofpneiimococci usually refam the charactenstic bite solubility They also retain the power 
of producing a hsmolysm and a tencodiem (Qmm 1934) 

We have also referred in Chapter 9 to the importaut observations of Griffith (1928) 
on the conversion of a smooth strain of pneutnococcua, belonging to a particular antigenic 
type, through the corresponding rough variant to a smooth atrain belonging to a different 
antigemc type , and we have noted that these observations have been confirmed by several 
subsequent workers Dp to the present tune tbs remams the only instance in which a 
transmutation of one normal bacterial type into another has been demonstrated under 
cxpenmentel conditions, and it affords no grounds for the assumption that such types 
are unstable under natural conditions 
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In T^ani to tbe other groups or species referred to in the present chapter 
we know too little as yet of the vamtiona to which they are subject to attempt aaj 
sv'tematic description of them. The descnptitm of variants that fit into no general 
scheme tends to confusion rather than to the clarification of knowledge. We must 
not of course ignore the fact that such variations occur, but to assess then 
true significance we roust wait antil we can alio* them their proper place in the 
p cture of bacterial structure which is being slowly but surely pieced together bv 
modem methods of study 
The Anaerobic StreptocoecL 

AU the species or groups of streptococci described above are aerobic and 
facultatively anaerobic Coca growing in short or long chains have however 
been i olatcd which are either strictly anaerobic or grow oalv nnder micro* 
aerophihc conditions. 
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antigemo analysis, using antisera to of the attains showed considerable divcrsitv of 
antigenic structure, but many group reactions The two mam types differentiated on 
colonial appearances were shown to be aatiemically distinct Finally, those stmms tlwt 
were tested for heat resistance were found to bo killed by heating to 5S-C0’ C for 30 
minutes Stone (1940), who studied 26 strains from parturient women divided them into 
three^upsaceordingtotheirpowthtnlOor-Wpercent bile andwasnbretodcmonsfmte 
the presence of at least two acid extractable antigens having some relation to those met 
with m the non-ansrohic types of streptococci 

It mav be noted that the pathogenicity of anaerobic streptococci for latxiratory animals 
appears to vary widely WegehusflDO^) produced small abscesses m the pentoiieil canty 
of mice Slarwedel and Wehrsig (IdlS), with one stram examined produeetl an acutely 
fatal infection in a games pig Pr^vot (1923) records patbcgenic lesions of a suppuralivo 
gangrenous or eedematous type sometimes fatal, mth most of his stmias. Hams snd 
Brown (1929) found that throe of S7 strains derived from eases of puerperal ftver kilKI 
mice within 24 hours Colebrooh and Ilaro (1933) tested seven puerperal strains b> ^ub 
cutaneous injections into mice Two of them gave n=e to small caseous foci at the silc of 
inoculation, but none of the mice died. 

Anaerohio pnentnococci havo also beea described (Smith 1930) 

We append a summarized description of the more important species, or groups, 
to which names, or labels, can at the moment be attached 

Spici*9, Gbopps aKD Tyris 

Sir pyogenes 

Mokpholooy — Coca, usually spheroida), about 0 75 /< m diameter arranged m 

chains of varying length, but usually includiog ten or more cocci Capsules u‘>u\U> absent 
or poorly developed in tiasuca . frequently present in young scrum broth cultures of 
fmbly isolated strains 2«an motile Ko spores Gram positive, not acid fast 

OftOirra RcqciasuevTS —When first isolated may grow poorly on ordinary nutrient 
agar Growth is markedly improved by the addition of blood or serum Optimal tem 
perature 37* C Grows at temperature slightly over 40’ C Poor gronth below 20 C 
and usually fails to grow at 10* C Aerobic and forultstively anaerobic 

Type or Growth — On goM m»dio after 24 hours incubation the colonies arc email 
about 0 5-0 7S mm in diameter, opaque, slightly m-sed, circular with an entire margin 
a slightly granular surface, and a ^nnalsr stnicture. when viewed by tranaraitted 
showing some differentiation into a more opaque central portion and » more trinslucent 
penphery After further incubation (48 to 72 hours) the colony may extend m diameter 
and become differentiated mto a rairod central portion, smooth or contoured and a datter 
pcnpheral zone The colonial forms presented by different strains are subject to eonsi ler 
able variation , and a pUt« from a single strain may show colonies of very varj ing appear 
ance, particularly with regard to the smoothness contouring orgranotintyoffhesurfice 
and the degree ol differentiation between the central and jienphend zones 

Streaked cultures on sohd media give a relatively scanty growth with a tendenej for 
a majority of the colonies to remam discrete The growth emulsifies easily but nmalJv 
gives a granulir suspension. 

In llo»t agnr floUs. — The colonics ate surrounded by a zone of p hemolpw (sec above) 
best seen in the deep colonics A filtrabte fuemolysm is formcil in fluid cultures which 
is OTTgen btbili. oxygen stable bvniidyain u also produced. 

fn broth, or serum hrofA — t^Tienfirat isolated, the growth may bo finch gramiUr or may 
form a powdery deposit at tbe bottom of the tube or eling to its si les Tbrbi lity of fh" 

nicdumi maj bo mwlcrate orslight Aflersnbcolttm, on) particiihriv when rcjKalnlly 

gubeullureil at short intervals the tnrlndity may iticrcvxj markolly anti the prauiihr 
deposit decrease, or di-aappear , but the tutbi lity almost alwara remains ofn finelv graimUr 
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lo Kg-xTd to tie otteT grotsps or spmea, Tefeirtd to m the present ctapter, 
we know too little as j-et of the vanationa to which they are subject to attempt any 
sj-stcmatic descnption of them The descnpbon of ^’anants that fit into no general 
scheme tends to confuaon rather than to the clarification of knowledge We most 
not, of course, ignore the fact that such vanationa occur, but to assess then 
true significance wc must wait until we can allot them their proper place in the 
picture of bactcnal structure, which is being slowly but surely pieced together by 
modern methods of study 
The Anaerobic Streptococo. 

All the species, or groups, of streptococci descnbed above arc aerobic and 
facultatively anaerobic Cwi growing in short or Jong chains have, however, 
been isolated, which are either strictly anaerobic, or grow only nnder micro- 
acrophibc conditions 

These anaerobic streptococci are of considenble importance to the medical 
bactenologist, since some, at least, are certainly pathogenic for man, and the 
studies of recent years have shown that organisms of this type are a ficquent 
source of seiere puerperal infection {see (^pter CC) Apart fcom puerperal 
scp«i3, and puerperal septicaemia, most of the strains of anaerobic streptococci that 
have been isolated have been denved from supporatire or gangrenons lesions, 
which have often been noted os ptodncing a foul or fostid odour (see Veflion 1893, 
ErOmg 1695, Sternberg 1900, 1901, Lowkewicz 1901^ SOberschmidt 1902, 

Marwedel and Wehtsig 1915, Kisalmg 1924, 1929, Prevot 1924, 1925, 1933) The ua 
portance of these organisms in rebtion to pueipeial septicsmia was first insisted on 
by SchottmuUer (1910, 1928), thongh their presence in the gemtal tract dnxiog the 
puerpetmm bad ^n noted by sev^earher workers SchottmfiUer’s observations 
have since been extended and confirmed by many subsequent observers (Bingold 
1921, 1932 Lehmann 1926, Bams and Brown 1929, Colebrook 1930, Colebrook and 
Hare 1933) It would seem (Natvig 1905, Wegehns 1909, Rosowslg' 1912, Sonic 
and Brown 1*^32, ^Vhite, E 1933) that these anaerobic streptococci form part of 
the normal flora of the female genital tract , and it seems possible (\Mute, E. 1933) 
that this IS their pimcipal normal habitat Such attempts as have been made 
to isolate them from the normal human throat or intestme have been nnsuc- 
cesafuL 

It 13 certain that the anaerobic streptococa comprue many different groups, speaes 
or types but the data availahle are as yet far too scanty to permit of any systematic 
cUs^cation or nomenclature Beferrrce to the papers by Privot, and by Colebrook and 
Hare will afford descnptions of aeTeral of the etiauis that have been isobted, and of 
certain differential entena on which a future classifiration may m part be based. 

ft may 6e noted fiat many of these cocci are very fiat fia sias fwntb 

to vary considcratly in subculture ^Colebroofc and Hare Id^) kl^v but not all strains 
form abundant gas in fluid cultures, diffenng eharply m this way from the aerobic and 
facultatively anaerobic species that we have descnbed above 3Iany, but not all sftams 
produce an estremelv foul odour 

Colebrook and Hare ( 1933) have studied the growth of CO strains of anaerobic strepto- 
cocci on blood atmr and have thus been able to distinguish four different types on the basis 
of rate of growth colony form, and changes produced m the medinm. Only two of the 60 
strains produced hamoljHis three otheis gave characteristic coal black colonies. The 
remaining 65 strains produrod no change m the medium About half tl« strains tested 
failed to ferment any test substrate , with th® ivmamder it was not found possibk to cor 
relate the fermentation reactions with the cokmial diaracters. A pr elim i n ary attempt at 
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antjgenjc amJysis, using antisera to eight of the strauu showed considerable divcrsitv of 
antigenic structure, but many group leacUons The two mam types differentiated on 
colonial appearances were shown to be antigenically distinct Tmally, those strains that 
were tested for heat resistance were found to ba killed by Leatmg to 6S eO" C for 30 
minutes. Stone (1910), who studied 2C stnuna from parturient iromen divided them into 
three groups according to their growth in 10 ot 40 per cent bile, and was able to demonstrate 
the presence of at least two acid extractable antigens having some relation to those met 
with ui the non an%robic types of streptococci 

It may be noted that the pathcigeiucitj of anaerobic streptococci for laboratory ammaJs 
appears to vary widely Wegehu3(1909) produced small abscesses in the pentoneal canty 
of mice Maruedel and Wehrsig (1915) with one strain examined, produced an acutely 
fata! infection in a guinea pig Pr6vot (1925) records pathogenic lesions of a suppurative 
gangrenous or mdematous type, sometimes fatal, with most of hjs strains Harris and 
Brown (1929) found that three of 67 strains derived from cases of puerperal fever killed 
mice withm 24 hours Colebrook and Hare (1033) tested seven puerperal strains by sub 
cutaneous injections into mice Two of them gave nso to small caseous foci at the site of 
inoculation, but none of the mice died 

Anaerobio pneumocoeez have aJso been described (Smith 1935) 

We append a summnmed description of the more important species or groups 
to which names, ot labels, can at the moment be attached 

SpEaEs Groups and Ttpes 
S tr pfogsass 

ilospilOLoar — Cocci usually spberoida) about 05-0 75 fi m diameter arranged itt 
chains of varying length hut usually including ton or more cocci Capsules usually absent 
or poorly developed m tissues , frequently present tn young serum broth cultures of 
freshly uolated strains Non motilo No spores Gram positive , not acid fast 

Growts Rwctsewevts —TV hen first isolated may grow poorly on ordinary nutrwnt 
agar Growth is markedly improved by tbe addition of blood or serum Optimal tem 
perature 37* C Grows at temperature slightly over 40* C Poor growth below 20® C 
and usually fails to grow at 10* C Aerobic aud facultatively anaerobic 

Ttte op Growth — O n soM media after 24 hours incubation the colonies are small 
about 0 6-0 75 mm in diameter, opaque, eligbtly raised circular with an entire margin 
a slightly granular surface and a granular structure, when viewed by transoutted light 
showing some differentiation mto a more opaque centnd portion and a more translucent 
periphery After further incubatiOTi (48 to 72 hours) the colony may extend in diameter 
and become differentiated into a raised centra) portion, smooth or contoured and a flatter 
peripheral zone The colonial forma presented by different strama are subject to consider 
able variation , and a plate from a eingfe strain may show oolomesofvery varying appear 
ance, particularly withregard to thesmooUmess contouring or granulanty of the surface 
and the degree of differentiation between the central and peripheral zones 

Streaked cultures on sohd media give a relatively scanty growth with a tendency for 
a niajonty of the coloniea to remain discrete The powth emulsifies easily but usually 
gives a granular suspension 

In blood a^ar plaits — The colonies are Bumwoded by a zone of j! hsemolysis (see above) 
best seen in the deep colonics A filtrable haemolysin is formed m fluid cultures which 
13 oxygen labile An oxygen stable lusnKflyam is abo produced 

Inbroth or serum hrof A —When first isidated the growth may be finely granular or may 
form a powdery deposit at the bottom of the tube, or cling to its sides Turbidity of the 
medium may be moderate or slight After subcultore and parliciihrly when repeatedly 
Bubcultured at short intervals the turlndity may lacreaso markedly, and tbo granular 
deposit decrease, or disappear , but tho turbidity almost always remams of a finely granular 
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type, and the growth eeldom or never becomes eveuJj diffiise There is no pelhcfe fans*, 
tion. 

On gtlaiin the growth is slight, and the colonies are mmute and prmetifona. 

/n gelatin «ia5 there u a slight growt h akteg Use track, with nMTMiT»At growth on th“ 
surface The gelatin u not liquefied. 

On p^b> growth is verv alight, and cftcn not detectable bv th“ naked eve 

Kest Pesistaxce, A^^> ViaBnJTT — Str pyaymtt is kilkd bj- beating to 55* C. for 
30 minutes. It tends to die out m sabcniture onl^ preserved nader partienlirij HavoaraVe 
conditions, but it remains ruble for long periods in the drr state. 

BiocniaaciL REACno>8 — iSfr pjogemtt does not hydrolja* aodiam hipporate , docs 
not reduce methylene blue in milk , prcdaces a final pH of 50-5-6 in gljH« broth , 
ferments trehalose, lactose saccharoee sUicinandoccasonanrtnannitol.withthefofi&atio’i 
of acid but no gas , docs not ferment sorbitol, inolui or rafinose rroducca and m ht&res 
milk, but no coherent clot. I>oes not liqnefr gelatin. Does not reduce nitrates. Dees 
not form mdole D not soluble m btle Its growth is inhibited by bQe 

AynOExic SrarerrEe. — Str pjvgtnts poaseses the groopspecific prfvwKchonde 
anti^n of I^ncefield s Group \ hxmolrtic streptococci. It is difierenttated mto a la*ge 
number of antigenic tvpes br tvpe «pecific protein antcrens , over 30 of the«e tvpes have 
so far been identified bv agglutination and atoorpnoo and by precipitabon teds. 

rarnoorMCmi avn Toxin PEonccnor — Str pyig'^Mprodnres a variety of infectiotis 
in man and more rerelr in domedieammaU- So^ strains are highJr patbogeme for the 
moure or the rabbit less so for (he guutra pig It produces a soluble hcoolrnn, a leueo' 
cidin an ei^throgenic tonn and a fibnnolvsin acting on human fibno. 

Str tfiUetis 

Mortboloct, Geowtti ReqriBOtccTS Tyte or Gnowm —In these ehsneteti 
Sir a^iaeiM does not differ sigruficantlv from Str pyjgrn/s , in many rtmiu, however, 
the cells are veDow or red m colour 

Acriow ov Biooo — Between ooe-thud and one-half of tb» strains of Str ojolacltn 
that have been examined produce^ luemolr^isinb’oodacarpbtes. Th«« strains produce 
a filtnble hsmolvsm of the oxrgen-stable tvpe. 

Hnav Resisxascs. — Str ajiiladi<e is liOed br heating to 60*0 for 30 minutes. 

Biocnzmcan Resctio'vs . — Str oTifocfHv hvdrolr«es •odium hippurate , it does not 
reduce methvleoe blue m tnilk , it produces a final pH of 4 3-4 S m glucose broth , it 
produces acid in trehalose sucrose giveered, and rmullv in lactose and soLon, but not 
in sorbitoL mannitol, raffinose or tnnlin , it forms and and clot m mUk , it docs not hqusfr 
gelatin It is not «oluble in bOe Its growth is not inhibited bv 10 per cent bBe, and 
nsnaDv not bv 40 per cent. 

A>Ticc!nc STErcTVSE — Str ajtilartur poesessea the gtonp-vpecific polysaccharide 
antigen of Lancefield s Group B streptococci. It u reparabl” mto different antinea.fi 
tvpes four of which have so far been identified bv tvpe-speciSe antigens which appear 
to be carbohydrate not protein m nature Sub tvpes of the four maia tvpes have been 
recogmred. 

PaTHOGE^^CTTT AJO) ToxET I^DVcnoN — Str a^laftia is an important caa% of 
mastitis in cattle Its pathc^aicity fc» laboratoiy animals is low Some, if not aH. 
etraias produce a filtrahle tnemolrein. It does not produce a fibmolvnn acting ca hnmaa 
fibrin. Wbetheritproducesaleucoodniisinikiiown Thcreisnoevid^ncethatitprodocw 
an eiythrogenic toim 

Str ggenmoniz 

JIoarHOiiOGt — Ovoid or lanceolate coco, ananned in pairs or «hort chains , when 
in j«irs, the adjacent ends of the coca are nsiaSv Uuatlv ronmled, the opposite ends 
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more aeafely pointed Some strains (parbcubrij Typo IH) tend to form longer chains 
As seen in films from the tissues, the pneumococcus shows a well marked capsnJe , and 
this capsule is frequently retained m cultures on suitable media Non motile No spores 
Gram positive Not acid fast 

Gbowth REQUiEEiiEvrs — Grows poorly on ordinary media, especially when first 
isolated; theadditionofbloodorserum to thamedinnigreatlyimprovesgrowth Optimal 
temperature 37® C, range of growth more restricted than with other species of Slrep- 
iocoeeui Usually no growth on gelatin at 20® C Aerobic and facultatively anaerobic 
Growth of some strains unproved by incubation m 10 per cent COi 

Type or Growth — On solid media Small raised, circular colonics, 0 5-1 mm in 
diameter, with a smooth surface, an entire edge, and very little differentiation On a 
favoiirahle medinm, such as blood agar, the colontea are often characteristic , the surface 
is fiat and smooth, and the edges are sharply and steeply raised from the surface of the 
medium In some eases the edge may be raised above the surface of the colony, forming 
a raised circumferential ring Sewa] adjacent colonies may become confluent fonamg 
a raised area of growth with a flat, even surlace and a sharply delimited edge With 
longer periods of growth (4i-72 hours) the central portion of the colony often undergoes 
autolysis Some strains (particularly Type IH) give charaelenstic mucoid eobmes Old 
laboratory strams of pncoraococci, particularly when grown on a relatively unfavourable 
medinm such as ordinaty nutrient agar, often give smaller colomes which lack the eharseter 
istio appearance of a recently isolated strain grown on a favourable medium The consis 
teney of the colonies is butyrous, and the growth emnlsifies easily In blood agar plates, 
the oobtues are surrounded by a zone of « hstnolysis sbowiag the cbanctenstic green 
coloration In a smtable Quid medium, a filtrable bsmolysin is formed, which is of the 
oxygen labile type 

Jn irolh, or serum 6rc(^, Str pneumonia givee a diffuse tuzbid growth, with a slight 
deposit, moeasing on prolonged incubation No peUicb is formed 

On ffeJoitn very slight growth, usually none at or below 20® C 

Gelatin slab — very slight growth along track, with minimal surface growth No hque 
faction. 

Potato — growth slight, or absent 

Heat Resistaboe aito Viability Sir pnenmonKe la sensitive to heat, being killed 
at a temperstore of 55® C m 20 min utes or lese It w a relatively delicate organism 
and dies out rapidly m artificial cultures onlees maintained under particularly favourable 
conditions, as, for instance, in aeau sobd agar to which blood haa been added. 

BiocHEsnCAL Act ivi t ie s — ^The pnenmococcus produces acid, but no gas, from lactose, 
saccharose, and it mlm , and usually tom raffinose Galicm is rarely fermented , when 
fermented, acid is not usuallyprodneed for some days llannitol w not fermented. Milk 
IS acidified, and frequently clotted Nitratee are not reduced Indole is not formed 
Gelatm is not liquefied The pneumococcus is soluble in bile 

Antioeyio Stbcciube — The pneumococcua posswses a species specific carboh 3 rdrate 
antigen, the presence of which is not deteetod. by agglutination reactions earned out mlb 
normal smooth forms The species is divided into a number of antigenic types by type 
specific polysacchande antigens contained ui the wpsules Over seventy of these types 
have BO far been identified 

Pathooeyictty Ann Toxi'f Prooovtioh — T he pneumococcus causes pneumonia and 
certain other infections m man It is highly pathogenic for mice and slightly less so for 
rabbits Guinea pigs are rather more resistant, and cats, dogs fowls and pigeons much 
more resistant. 

The pneumococcus produces a solaWo hasmrfyBin, and a leucocidm It also pro- 
duces a substance acting on rabbit fibrm or fibmmgen, and preventing the formation 
of a clot 
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Strtptococel fit Ibe Tlrlduis Croup 

'lonrnouwT — Cocci m siort or long chains, epheroidal cr oroid , wbsa oroid, focg 
axi3 in axis of cham. ^on-capsnlated. Vo spores. J»on motile Gram posUre \ot 
and last. 

Geowtti REQCiai3trxT« —Most strains grow more resdOj on ordinary tnw^ii jban 
does Sir pyoyrars or Sir pnesmoni<r but growlb is usnally improred by addition of 
blood or semm Somestraua, on tbe other hand, grow wiypooriy Optmi^teinperatBre 
for most strains 37* C — th" range of teroperatoie for growth extends further that of 
Sir pjwy^fs or Sir jineurnemia m the downward duectioa. Aerobic and facnltatirrlr 
anaerobic. 

Tyte or Geowth — Ott sofid mtJta the cotonies do not differ la anr dstmctire war 
from th<^ of Sir jiycynts (see above) With streak cultures, the growth mav be 
slighttr more profuse and more confloent. 

In blood ajar jdaUt — The colonies are euironnded bj a xonc of a hsmoIrBis, showing 
the charactcnstic green coloration. 

In brtOi — The type of growth ranes with chain length Slanr strains or vanetKS 
grow in short chains and produce a nniform hot slightly granular, tnrbiditr in broth 
with little or no deposit , but some strains grow in bog chains and give growth# which are 
uidutingmsbable from those of Sir jtynjmes 

On j'hUn or tn j^lolin ilaK the growth does not differ from that of Sir jyojrnet 
except that it may be sbghtlr more profuse 

Oa pololn growth u sli'-ht and often not detectable by the naked eye 

Hkat PESiSTivcE — Most strains are killed by beating at 55-S»*C for 30 mmotes. 
The general ntahtr u greater than that of Sir 

BioazzuicJL RBacnoNS — MOL u acidified and often clotted. Most strains produce 
acid from laeloae and aaecharoec often from tafSaose and/or saban ranW &om innha 
or manmtoL Vitratea are not reduced Indole ts not formed, Gelatia is nothquefied. 
>ot eolnble m bile. 

PaTnooEMcmr asn Tons FoExanoc — VIndau streptococci fcjrm no eolable toxin, 
nor tuemoly^m. Usually non pathogenic for bboratory ammals other than the rabbit 
m which Mme strains pve nse to arthritis and valrubr lesxms. They are a common cause 
of subacute ulcerative endocarditis in mao. 

DimEEmaTiow wrnns the Caorr —The vmdans group of streptococci ecrtainlv 
contains mote than a su^le species. It a possible that tbo common streptococcus of the 
human mouth which has the peculiar property of producing a solnble Irran from sucrose 
and raffinoec and of forming laige mneoid cotomes when grown on agar containing 5 per cent 
of tb'^ sugars decrees specific nok with Ibe title Sir talmnus, that the common 
streptococcus of bovine faices should be recognized as Sir bon# , and that a strep’oeowus 
isolated from Kefir which produces CO^ from bcto«e when grown in Eldndge tubes ehould 
be known as Sir Ifjir Out knowledge i# however, not yet suSc'ent to allow us to define 
epec/ea cr to as^n »peci5s naisea mtb any de ^r to of certajaij 

Sir fscalis 

Morfholdgt — Ovoid cocci, growing in pans or short chains. Some strains resemble 
the pneumococcus in morphology, but possess no capsule 3Iore rarelv, the appearance 
mar be almost baciUarv Most strains non motile, but a few motile strains Imve reccntlv 
been de«cnbed No spores are formed Gram positive and not acid fast 

GEOwm TtFQT TRwwr vTw — Grows weD on the ordmarv bboratory media Optima! 
leroperature about 37’ C but grows well up lo 45*0 and down to 10®C Aerobic 
and faculmtivch an.ierobic 

Type op Growth On solt I media the cnkmies are viniewhftt brger than those of the 
species refen^ to above After 24 hours the colonies are osu-illy 0 75 mm m average 
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diatneUr, and, on longer incubation increaso to a diameter of 1 2 mm The colomea 
are smooth circular, low conres m eloTatum, with an entire edge , they Laro a homo 
peneou.% or slightly granuhr atnictnro and show hub diflVentiatfon In streaked 
cultures the colonics tend to be coniluent, and growth may appear as a umfonn film 
The growth U c-wily cmulsifiwl 

7n hl<xxl eomc slrsf/w, eorrcepimding to Z,anccficM g Group D hiemoJylio strepto 
COCCI, giro ^ liTmolrsu* Tlicy form no filtrablo htmolyBin when tested by the ordinary 
methods, but a hxmolysm of the oxjgrn stable typ) may bo demonstrated by special 
cultural incthoals }fo«t strains are non hTmoIytic 

On JloeConlty ognt iinal] pink rolotuca arc formed 

In brot^ there is an abun lant diffuse growth, with a very sbght deposit No pellicle 
formation occurs. 

On ^Zrfis, there is a gfxjtl growth ailh colonics very similar to thewso produced on 
agar Growth occurs at 10*0 Moat strains fad to liquefy the gcLvtin butafi-wdoao 

In gthlin stub, there Is good growtli along the track with little surface growth Some 
atrams proiluee iiquefaeiion which it asiially infundibuliform 

Orows in medium containing 10 or fO per cent bile jn Jictcso agar of pll 0 6 or eon 
taming fi 5 per cent NsCl m Uctonc I roth containing 1 15 000 potassium teUuritc and 
m milk containing 1 1 000 meihjlcnc I luc 

Ueat PE.sm*^CE ayn ^uniLrra — Heat rreisUnt Uithsfanls a temperaturo of 
C0*C.for30minut« Suniri-sm caJtaro fora longtime Insolubb tn btb lownsitiro 
to pciuaUm. 

IliocnraicAt, AcrfsmM — UsualK feds to hydrol^-so w>iium liippurate rrodueca 
a fiaal pif of 4 0-f 8 m glticox' I roth t roducre acid m lactose mannitol aalicin and 
u.siuUy sucroec txrlialosc an 1 sor) ltd but not in niSnoao or muhn Jlcduecs the dyo 
and ptoduers acid and cbt in Llmiis milk. Most strains reduce nitrates Strains of tho 
tifur/ineni and syni<veacs ranctics hqui'fy gcUun and digest casein Some strains 
proilaco !I(S 

Avnotsic Stjii ctcbe — PoBscascs the Croup D aiu«c))je polyMcchun le There appear 
to be scrcrat antigenic tiix-s 

PATHoaEMCTTr A'TD Toxis I’l oDVCTio'c —Most strains appear to bo non pathogemc 
or to posse** a pstliogenicitv of a low onbr TIicv occasionally cause unnary infections 
in man or infwiions in rrlalion to the intcstmil tract They haro occasionally been 
LsoHUsl from the blood stream and are tho cause of toroo caeca of subacute endocarditis 
Most ftnins are non pothogemo for latioratory animals A fow show souio degree of 
pstbogcnicitj Tlierv is no mJenoo flat nny of theatrcptococcironssa filtrablo toxin 
buch strains as have bion examined do not form a fibnnolysm acting on human fibrm 

DirrEnE'.TUTio’t wrnii> niB Giiocr —There appear to bo a number of varieties 
of this organism such M thoeo called xymoyrme /•^/acicns and rfurntis (see p CSS) 
tVhefbor tl cec Jiarp any special habitat opart from the human intestino is not known 

Str taclb 

TJas organism is foun 1 in milk an 1 milk producU and on certain plants Its diff r 
entntioii from Str /ceenlu bas been discosned in the body of tho cliapter (sco p 582) 
Sutfico It to My tliat tho mam distinguishing characUrs are as follows it does not grow 
at 45® C , it does not grow in lactoso agar of pll 8 6 or containing <1 5 per cent NaCl , 
it is killed by a temperature of 00® C witbin 30 minutes , it has no action on blood , 
mannitol, sucTt»c, and sorbitol are leas readily fenncnleil , and tho organism possesses 
the Croup K, not the Group D specific polysaccharide A eremons vanety h-w been 
df9cnbr<] 

The clinraotcrs of tho other iibcllcd groups or types of streptococci, as far as 
we jet know them, have been Bummamwl in the body of this chapter 
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CHAPTER 25 


STAVHYLOCOCCUS, mCROCOCCUS, SARCIKA, RHODOCOCCUS, AND 

LEDCONOSTOC 

STAPHYLOCOCCUS 

DEFCfmos — SUtj>ht/loeoeeu» 

Spherical or ovoid, non motile. Gram positive cells, arranged m grape like 
clusters on solid media, and m pam small groups or short chains m liquid media 
On agar the growth u of a golden, wbte. or yellow colour Great variation in 
biochemical aetivitiea, breroolytic power and pathogeniritj Actual m potential 
parasites 

Type species is SlaphylooKCut oiireua Rosenbach. 

History — The presence of micrococci m pus was noted by Koch m 1878 , 
they were cultivated tn a Uquid medium by Pasteur m 1880 , they were shown 
by Ogston m 1881 to bo constantly present m acute and chiome abscesses , they 
were cuUirated by him m eggs, and were found to be pathogenic to mice and 
guiaea pigs ; but it was ieft to Bosesbach la 1884 to ma^e a thorosgh study of 
the staphylococci, to obtain pure eultntes on sobd media, and to divide them 
into two specics—StopAyfocoocui pyogenrs aurtvs and Staphylococcus pyogenes 
albta In the foUowmg year Fasset (1885) added another species — Staphylococcus 
pyogenes cttreus In I88T Biondi isolated two types from saliva, both pathogenic 
for laboratory animals , one of theae was apparently identical mth an organism 
described as ilf ietrc^enus by Koch and Galfky (Gafiky 1883), who had found it 
in the sputum of patients sufienng from pnlmonary tuberculo'ua , the other was 
distinguished from Staphylococcus aurrus by its diminutive size— 0 3-0 5 /t in 
diameter — and the slowness with which it hquefied gelatin , to this he gave the 
name of Staphylococcus sahvarius pyogenes Welch (1891) noticed a white staphy 
lococcus m stitch abscesses following the sutnnng of operation wounds , this he 
called the Staphylococcus epuiennidts aVms Andrewes and Gordon (1905-6) who 
investigated a large number of cocci from diSeient sources, found a special type 
commonly present m saliva which they named the Staphylococcus sahvartus, 
this difiered in many respects from the Slapiyiococcus salivonus pyogenes of Biondi, 
they also found a coccus of peculiar c^racterishcs present in scurf, hut did 
not identify it by a special name Window and Rogers (1906), in an attempt 
to amve at a classification on a statistical basis, conducted a painstaking investi 
gation into the Coccaceee, and proposed * division into six genera, from which the 
ongmal genus Staphylococcus was omitted Later, however, Winslow, Rothberg 
and Parsons (1920) modified this classification, and reinstated the Staphylococcus 
in its old place, dividing the genus into six species 
607 
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The difieccottatioQ betweeti these tiro types morphologically, therefore, is not 
always easy , oa a single mednim alone it may be impossible, hot if the appear 
ance of the coccus is studied in both liquid and aobd media, not much difficulty 
ml] be experienced Tie diflerential points are (I) that the chains fortned by 
staphylococci rarely contain more than four members and (2) that the clusters 
formed by streptococci generally consist of allegations of chams , the chain is 
the fundamental unit of the strcptococcos 

Stammg Reactions — The staphylococci stain well with most of the amlme dyes 
and are uniformly Gram positive It is not mmommon, however, to see them 
described as being sometimes negative Winalow, Rothbeig and Parsons tl920), 
in s siody of ISO sttatm, essomiersd & Grsai aegstire strains and the same 
authors make the geneiahzation that, whereas the orange and white cocci are 
Gram positive, the yellow and red ones, including the iSarcin®, ate Gram negative 
This discrepancy can be explamed by the facts firstly that different types of 
staphylococci do vary m their resistance to decolonzation, and secondly that 
many strains which ate Gram positive m an 18 or 24 hours culture become Gram 
negative as they grow older To obtain uniformity, therefore, it is essential to 
use a young cnltore— never more than a day old— and not to prolong unduly the 
process of decolonzation If *hese precautions are taken, it will be found that 
almost withost exception the staphylococci, at an} rate on first isolation as also 
the sarciniB, react positively to Grams stain 


Coltntal Reactions — The staphylococci are among the easiest of micro organisms 
to cultivate tn vitro Though some develop mote slowly than others particularly 
Staphylococcus ciireus, they all give abundant growths 

In nutrient broth after 24 hours at 37” 0 there is a moderate to dense turbidity, 
with a moderate deposit of a powdery nature, which, on shaking swirls up and 
disappears completely, increasing the turbidity This is the usual picture But 
some types, the salivary staphylococci for example, form a thick, weedy, glutinous 
deposit, leaving the supernatant fiuid clear After 2 days incubation, a surface 


nng growth is generally present In no case is 
there any distinctue pigment formation in fluid 
media 

On nutrtenl offar, there is produced within 1 to 
2 days a moderately thick, raised confluent growth 
with a moist, glistening, smooth or somewhat 
honey combed surface — due to the imperfect fusion 
of individual colonies , m most cases it la of 
butyrons consigteacj' and easy to emulaiiy, but in 
the case of thesabvary staphylococci it is glutmoim, 
adherent to the medium sad more difficult to 
emulsify Pigment production is most obvious on 



agar at 22” C 

On yelnfin pinles at22*C development la slower. 


Surf»ce colony on ag»r, 21 
houta, 37* C (X 8) 


there being often no visible growth for 2 to 3 days , 

the colomes which are then formed are small and relatively nnpigmented , later 


a zone of liquefaction may appear around them 

In (/elatin slab cultures there is a filiform growth teaching to the bottom of 
the tube, and a surface growth of variable degree Liquefaction may or may not 
occur, when it does, ^e usual type given by the white and golden cocci is 
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Habitat — There are but few eituabons from which staphjlococci maj- not l>e 
isolated In the animal body thej are nonually found m the nose, on the skin, 
m saliva, in the intcstmal contents, and m fsccs , they are fregueatly isolated 
from suppurative processes (see Pathogemcity) , and they are prexenfc in varying 
numbers lo air, water, milk, sewage, and on all articles liable to come in contact 
with these substances Their mam habitat appears to be the nose Several 
workers (<ee Hallman 1937, McFarlan 1933, Ofliespie rf al 1939) have shown that 
they are present in the anterior nares of a high proportion of normal persons and 
that 30 to 60 per cent of persons are nasal earners of potenbally pathogenic 
staphylococci Relatively harmless members of the albus species are commonly 
present on the akin, but the more dangerous aureiu species is found on the han(b 
of only a small proportion of healthy persons who are nsnally «hown, on mvestiga 
tion, tobeheavynasalcatticrs{Gillespicrf«f 1939, M3es rt ok 1944) Staph auraa 
has been reported in the milk of a high piopoTtion of nursing mothers (Report 1942, 
Duncan and Walker 1942), but whether this is a normal condition or whether it 
occurs only in infected matermty wards is not clear Ubiqmtons as staphylococci 
are their natnral hahitat is the animal body, and it is the ammal body that furnishes 
the mam supply to the outside world. 


UorphoIogT — The staphylococci consist of round or somewhat oval cells, 
having an average diameter of 0 8-1-0 ft The sue is vanable, not only from 
one species to another, but m members of the same species , it depends partly 
on the age of the culture and the nature of the medium on which it is grown 
Some species are generally smaller than others , thus the average diameter of 
SmpAyfococciu aureus is 0 7*0 9 ft, whereas the sahvary staphylococci are said 
to be larger, I 0-1 2 All the members of the group are non motile, non- 
flagellated and non sponng They are usually dc«cribed as non-capsulated 
Lyons (1937), however, states that 
^ - capsules arc demonstrable m 3-hour 






broth culture*, but disappear as 
the culture gets older 

The true staphylococci are 
arranged in grape-like clusters, 
that is to say thev form groups, 
the members of which are disposed 
in three planes of space without 
regard to any defimte eonfigura 
tion This distnbution is best 
appreciated when a hasgmg drop 
preparation is eiammed — especi 
ally if a stereoscopic micuBcope 


13 employed The characteristic 
groupmg into clusters is more evi 


dent on sohd than in hquid media 


Fro l2o— .SMpAyJoeoceKj aurw Indeed m broth it is common to 

From an 4gar cultore “4 hours 37*C.(XlOOO) find the COCCI occurring not only 
^ in groups, but in pairs and m 

short chains they are then liable to be mistaken for streptococci This con 
fusion may be accentuated owmg to the fact that streptococci on sohd media tend 
to lose theu capacity for forming chams, and may develop in small clusters 
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The diSerentiation between these two types morphologically, therefore, is not 
always easy , on a single medium alooe it may be impossible, but if the appear 
ance of the coccus is studied in both liquid and sobd media, not much difficulty 
will be eipenenced The differential points are (1) that the chains fortned fay 
staphylococci rarely contain more than four members and (2) that the clusters 
formed by streptococci generally consist of aggregations of chains , the chain is 
the fundamental umt of the streptococens 

Staining Eeactions — ^The staphylococci stam well with most of the anilme dyes, 
and are uniformly Gram positire It is not uncommon, however, to see them 
described as being sometimes negative Winslow, Kothberg and Parsons (1920), 
in a study of 180 strains, encountered 6 Gram negative strains, and the same 
authors mate the generalisation that, whereas the orange and white cocci are 
Gram positive, the yellow and red ones, mcluding the SarcvncB, are Gram negative 
This discrepancy con be explained by the facts, firstly that different types of 
staphylococci do vary in their resistance to decolonsation, and secondly that 
many strains which are Gram positive in an 18 or 24 hours’ culture become Gram 
negative as they grow older To obtain uniformity, therefore, it is essential to 
use a young culture — never more than a day old— and not to prolong unduly the 
process of decoloxuatiou If these precauUous arc taken, it will be found that 
almost without exception the staphylococci at any rate on first isolation as also 
the earciiuo, react positively to Gram’s stain 

Cultuial Reactions — ^The staphylococci are among the easiest of micro organisms 
to cultivate tn vtlro Though some develop more slowly than others, particularly 
iStopfiylococcur ntreuj, they all give abundant growths 

In nutrient brotA after 24 hoars at 37* C there is a moderate to dense turbidity, 
with a moderate deport of a powdery nature, which, on shakmg, swirls up and 
disappears completely, increasing the turbidity This is the usual picture But 
some types, the sabvaiy staphylococci, for example form a thicb, weedy, glutinous 
deposit, leaving the supernatant fluid clear After 2 days incubation, a surface 
nog growth IS generally present In no case is 
there any distinctive pigment ioimation in fluid 
media 

On nutnent a^ar, there is produced witbm 1 to 
2 days a moderately thick, raised, confluent growth 
with 3 moist, gbstemng, smooth, or somewhat 
honey combed surface — due to the imperfect fusion 
of isdindual colonies, in most cases it is of 
butyrous consistency and easy to emulsify, but m 
the case of the salivary staphylococci, it is glutioous, 
adherent to the medium, and more di^ult to 
emulsify Pigment production is most obvious on 
agar at 22 C Surface colony on a^ar, 21 

On ffelafm plafes at 22* C development is slower, hours ST C (x 8) 

there being often no visible growth for 2 to 3 days , 

the colonies which are then formed are small and relatively nnpigmented , later 
a zone of liquefaction may appear arcrand them 

In gehlin tlai cultures there is a filiform growth teaching to the bottom of 
the tube, and a surface growth of i ariable degree Liquefaction may or may not 
occur, when it does, the usual type given by the white and golden cocci is 
PB * 



Fio 126 — Slajihylococeat 
aurevs 



610 


ST iPBTWCOCCVS 


mfundibuliform or saccate, b) tie yellow cocci cratenform. The time ol it* 
appearance is hlewise subject to a consiilenble amount of variation, it may be 
noticeable alter 2 days or it may be a fortmgbt or even longer before it becomes 
apparent Speaking broadly, it may be said that the pyogemc «taphylococci 
liquefy gelatm early, the saprophytic ones late 

On polalo there is a moderate cooflaent growth Lcxf’Ur s servm is a good 
nutntiye medium on which pigment is wdl developed On ilaeConlrif't neutral 
red lactose bile salt agar, the colomea are very small, pale pink after 24 hours, 
and deep pmk after 48 hours 

Working with pure enltuivs, Chapman and Betvns (193^ and Chapman (1935) £ad 
that on proteose peptone lactoee agar cwitauung a concentration of 1-300000 aj^tal 
noUt, white, violet, or orange colomea with a videt fonge may be fcnaed. As a rale, 
the strains giving nse to either of the latter two typea of colony an hzmolytic produce 
coagulaae, and are tone to rabbits on intravenona inoculation, while strains fcnaisg 
white colomea are negative m all theae reapecta. Sloie recently. Chapman and his eo! 
eagues (1937) have described a preteoae peptone lactose agar, pH S 6 containing 0-017 per 
cent, bromthymol blue, that is eaid to inhibit the growth of non pathogenic staphvlococa , 
and Chapman (1944) has described an bromthvmol bine agar oootaining potassum 

tellimte for laolation of staphylococci fiom the fneea. 

ranont colonial types — including rough and G forms— have been described by 
Ho&tadt and Toumans (1932), Bt^r, Boland, and OMeara (1927), and Swinge 
(1935) 

hletobolmn —The staphylococci are bcnltative anaerobes, growing best a the 
presence of oxygen On agar pUtea ucohated anaerohicaliy, the growth tends to 
spread out on the surface of the medinm, so that the colonies instead of being 
convex, are fiat and effuse Lubmsb (1894) was the first 
to point out that no pigment is produced under anaerobic 
conditioas, though, if a culture which has been incubated 
anaerobically is exposed to the air, it soon develops its 
characteristic colour. He found, howcTW, that contmuous 
anaerobic cultivation generally canard a strain to lose its 
power of producing pigment — a power which was not re- 
gained by subsequent cultivation m the presence of 
oxygen 

The limits of temperature between which growth is p<e- 
sible are wide, varying from about 12* to 4o® C , but as a rule 
development is most rapid at 37® C A, shghtlv alkaLne 
medium of pH 7*4-T-6 is preferable for the initiation of 
growth, but some growth will occur even at pH 4-0-54). 
Growth is slightly maeased by the addition of blood and 
glucose to the medium , serum has no beneficial effect 
According to Hucker (I924<j),the staphylococci are unable to 
use ammonium salts as their sole source of nitrogen. Huctes 
(1932) and later Knight (1935), both of whom have studied 
the nutntive requirements of Staph aureus, deoenbe the 
existence of an essential growth factor, which snh«eque3t 
work (Knight 1937) has shown to contam vitamm Bj and 
mcotimcaad The organisms can now be grown aerobically 
on a medium containing only known cheimcal constituents, 
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namely a mixtuie of glucose, salts and fourteen ammo acids, supplemented by 
the two vitamm constituents just mentioned (Fildes et al 1936, Kmght 1937) 
Accordmg to KUglet, Grossowicz and Betgncc (1913), nicotmic acid is the essential 
factor in the glucose metabolism of iStepS aureus, thiamin (B,) acts as a catalyser 
in the oxidation of pyrunc acid Riboflavin can apparently be synthesized by 
the organisms themselves (O’Kane 1941) As with other parasitic bacteria, organic 
sulphur is necessary for growth , this la usually obtained m the form of cystine, 
but methionme and sodium dithiodiacetate can be substituted (Fildes and Richard 
son 1937, Gladstone 1937) No growth occurs in the complete absence of CO, 
(Gladstone et al 1935) (See also Chapter 3) 

Hewitt (1930) has shown that Slaph aureus, when grown in DsitssTF mfuaion 
broth, bnngs about a rapid fall in electrode potential tobetweenEh -0 1 and -0 2 
Tolt Owing to Jack of peroxide formation the potential remains at a low level for 
a long time, showing no tendency to nsc as it does with streptococcn In glucose 
broth the potential does not fail as low as in ordinary broth 

Pi^DCnt Proflnclion.— As already mentioned, the staphylococci are active pig 
ment producers Slapliylocoecus aureus forms a golden, SiajAyhcoccus etireus 
a lemon yellow pigment, while cuJturea of Staph albus are of a porcelwn white 
colour The development of the pigment and its actual tint depend, however, 
on aeveral factors As with many other organisms the optimum temperature for 
pigment production does not coincide with the optimum temperature for growth 
more pigment is produced at 22* C than at 37* C , if cultures that have been 
incubated at 37* C are eubsequently left at room temperature, the colour is seen 
to deepen Gelatin and broth are unsuitable Oxygen is requisite for its develop 
ment, nndei anaerobic conditions the growth is colourless Carbon dioxide is 
said to favour its production, provided oxygen is also present (Lubmsla 1894} 
An agar medium contauung 33 per cent null is recommended for its study («ea 
Christie and Keogh 1940] 

A very important point to remember is that a given strain of staphylococcus 
under conditions of artificial cultivation may lose its power of producing pigment 
The cause of this loss is unknown It is most noticeable in the case of Slaphylo 
coccus aureus, which, when freshly isolated from the animal body, gives a rich 
golden pigment, bnt often loses this character on prolonged cultivation This 
variation adds greatly to the difficulty of classification, and it must be emphasized 
that in the study of a particular strain, the property of pigment formation should 
be noted as soon after isolation as possible (Dudgeon 1908) 

Gelatm Li(iueiaction — There is a considerable amount of discrepancy m 
the reports of various authors as to the power of staphylococci to liquefy gelatm 
Of 41 white strains ezammed by Gordon (1903-4), 24 liquefied gelatin Kntscher 
and Koniich (1904) reported upon 57 strains of staphylococci, and found that 
all Lquefied gelatin Similarly with Klopstock and Bockenbeimer (1904) who 
examined 30 strains, and with FraenVel and Baumann (1905) who examined 36 
strains Dudgeon (1908) found that 44 out of 46 aureus strains and 35 out of 
66 olhws strams liquefied gelatm while Winslow, Rothberg and Parsons (1920), 
m examining 160 strams found that 67 per cent of the aureus and 47 per cent 
of the aKrtis strains liquefied gelatm 

These discrepancies are to be ezplamed partly by possible differences m the 
cocci exammed and partly by the length of tune durmg which growth was observed 
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Tiere 13 general s:ie«nent tiat stapii^ocoed isolated from pstiolcces! fonrces 
bqcefr gelatin more freqcendr tliaa tLcee isolated from arater, sn*. aHn, etc. 

Tleie IS Utewise general asreemest tiat the orange eaxa are more lajAl 
bqneSers tie sriite, and tie -wifte cocta more lajad tian lie y^crr. 

Snmnunn cji. it maj be said tiat Staph^Moectu avrois bqneSes gdata almort 
aliraTs, SiQph^Vxoant c!i«* frwraenllr, aid Ssaplyloccccua cdreiis sometimes. 

to Heal and Dmn&ctxnls. — Tie stspirloeocd are among tie mere 

T ^g ra-nt f)T Tf'T;.«pfy dT-9 la IfflOli OT agas t5ib“ «“aled ^TTih pataSn 

and kept in tie ioe-ciest, cnltnres mar remain aHm for mentis. DsesJ on lireads 
tj^ letasn tics vitalitr for 3 to € mentis, and ftom dn*d yzs tVv tars bed 
ccltrrated after 2 to 3 montia. JIany of tiem are ieat-raistsst, in tiat ti*T ttU 
WTthstand a temperatnre of 60“ C. far talf an innr. In pnie cnhrre ti*y redst a 
concentratioa of 1 per cent.pienol for 15 minntes, briar* killed by a eon'^ntia- 
ti^n of 2 per cent. Slermnc cldond* is a poor disinfectant for etapiylcxswcs ; to 
tall tiem m 10 ininntes a 1 per cent, solnticn is leenired. Many of tie aniSne dyes 
exert a atronrlj bactenoda] acticrn on the atapiyloKcei — as m(ie*d tiey do on mo-ft 
Gran-postrTe organisms. Tiis selective action is made tse c£ in certain taciTieal 
proeednref-, rnch as tie isolatien of Br ainrty-i frnm iricre it is eadBavonred 
by the meorporation of a dye — gentian nolet or cystal Tiolet— to isilbl ^e 
groTrti of Gram pcertrre organisms. Cse is also made of tie great 
at ttapiyloeeea to tie nalet dyes in the iaedatiga ci rtfeptoceea, ipla»s sea* 
coptibilitT to ties* dyes b rejy mcch Garrod (1&A2) (see ju 125) Oiier 
dyes, of viici malulote green appeals to ie tie gtre ag est and »sd fcciaa ti* 
sc^fcert, are also employed, tmaSy in a eoncentralian of abort 1/10, ^3 (Oestaifa 
1925) U<et etmns of stapiyloeccd are »>^::trre to pensaHin. 

Bioeiemical — Tie sbib^ of ti* rtspiyiiccea to fenaent ngis 

Tames greatly according to tie strain esployed. Tor this rrasoa it is not possl^e 
to classify tiem on tiis bass 'wtth ainahmg liLe tie same pecoon ts, for example, 
the celifoia gronp of baciHi. Is a rnle tie goUea coed hare tie greatest ftr- 
mentatiTe pOTer, tie ariile ar» less actire. Here is a -wealth of ite^tnr* on lie 
fermentatiTc cspactiw of tie rtapd^lococd, -witl a cotrespcndisg dmertnre cf 
opinion amongst the Tanons arthois as to ti» importance of tie dmerent «nrsrs. 
Tins, Andrewes and Gordon (1905-6) lay stress on ti* reactions m maltose, 
Uctosf, glycerd and inaniu*oi Himlinr, Eotibeig and Par*>3ES on ti* 

other hand, come to tie condcson that the only ssrar c£ diferemtal ralae u 
lacto'«. "Woftasg with Sicphytoaaceu$ avr**t» and eSw, tise antiors fonnd tiat 
63 per cent of the Etzains formed add from g^sro*>e, £3 p»r cent- from maltose, 
61 per c»nt. from ancrcfte, and 49 p>er cent, from laemss ; sajdn, irnin and 
raSnoee were lardy fermented, mannitol and dcletol never. 5Vjih these fndlnrs 
mot antiors disagree, psaidcnlady with regard to whjci is gemeraSy 

hdd to l*“ attached by Siap^^lococatr ovreu/, and freqneatlr bx 5tapJ vIceoKwi 
aBut (Dedgeoa and Simpson 1923) It is quite dear, howeTcr, tiat it is 
eibl* to dogmatia* on tie reactions cf aOT one strain. Dnageon (IJOr), who 
examined 121 oyreui and e3uj strains on a large cnml-er of sugar*, found tiat 
Terr few agreed m ginng identical resits. 

£jniladj witi IiJrius wtli tie nacta^s are xadaile. Stsdxmg ISO ewess 
and eBfit «trams, TJinslow, Eotil<e^aad Parsons (1920) found that “5 prtdnced 
acid, dot and peptonization, 60 add, dnS ^ and m ^ 

and peptonizatioa, 16 aTtaii but no p*j)tonirati3n, w>~l» 7 produced no dange. 
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Thc«e findings are m agreement with those of other authors, except with regard 
to pcptomxation, which is less commonly reported 

The profcoZy^ic activity of staphylococci is not very strong Some strains are 
fibrinolytic (Sasla and Fcjgin 1937, Netcr 1937) and some, particularly those of 
camne origin, can digest coagulated horse serum (Minett 1936) Lipase production 
has been reported by Orcutt and Howe (1922) and Christie and Graydon (1910) 
Jlost aiireiM strains produce hyaluronidase 

The methyl red test is generally positive with the aureus and albus strains 
ncgatnc with the citrcus strains The T oges Proslauer reaction is gnen by most 
strains of Slaphijloeoecus aureus Iccordmg to Winslow, Rothberg and Parsons 
(1920), most strains of staphjlococci reduce mtiates to nitrites Hucker (l924o) 
on the contrary, found that, though 49 out of 50 aureus strains reduced nitrates 
onl} 23 out of 152 albus strains were able to do so Hydrogen sulphide is stated b} 
Andrcwcs and Gonlon (1905-fi) to be formed m small quantity by the pyogenic 
staph) lococct, in greater quantity by Staphylococcus alhi/i We have been unable 
to confirm this Ammonia is produced by 89 per cent of the golden and white 
strains (Winslow et al 1920) /ndo/e is apparently neiet produced (Hucker 1924a} 
Antigemc Structure — Studying agglutination of staphylococci by immune 
rabbits’ sera, the early workers (Kolle and Otto 1902 Otto 1903 Proschet 1903 
KuUcher and Honneh 1901, ^eteI 1904 Klopstock and Bockenhemer 1904, and 
Koch 1908) reported that they could lie sharply divided into two types — the pstho 
genic and the saprophytic types The great majority of strains isolated from 
purulent lesions in the human body were agglutmatcd by a serum prepared 
against one such strain whereas the strains isolated from saprophytic soutcea 
were not agglutinated The ditterence in titre to which agglutination occurred 
rather suggested that there might be one or more sub groups within the mam 
types This suggestion was confirmed by later worlcrs who employed the more 
delicate test of absorption of agglutimns Thus JuLaneUe (1022) found that the 
staphylococci could be divided into three types with two sub groups whereas Hme 
(1923), working with 81 strains was able to classify them into two mam types, 
each of which had at least three siib groups There was evidence to suggest that 
the pathogemc strains formed a more homogeneous serological group than the 
saprophytic 

iforo recently yonemun (I£06) examined 3*4 alraina from patiologieel sourcpAfliid 
was able by the use of absorbed sera to ibndo them into nino main types all lint 32 
of the strains however fell into three of these types Blair and Hallman (193^ reeog 
nized three types by the absorption of agglutinins method Cowan (1933, 103^) like 
vise showed that it was possible by sbde agglatuwtion, usmg absorbed sera to disiingiusb 
three mam types among the pathogemcstapbylococci, there u reason to beheve however 
that each of these contains sub typos dtstmguishable by means of absorbed sera (Chnstie 
and Keogh 1940) Working in India Goyle and Mmchin (1910) were able to classify 
only 33 per cent of pathogemo strains by Cowans method Considerably more work 
will have to be done before the serological typing of staphjlococci becomes of much 
practical nso m epidemiological investigatKMis 

JulianelleandW’ieghard(1934 1935) and Wieghard and Jnlianelle (1935) as the 
result of diemical fractionation of staphylococci have isolated two polysaccharides 
each containmg about 4 per cent mtrogen and distinguished from each other 
by optical rotation and by the type of sugar produced on hydrolysis The first 
polysacchande was extracted from pathogemc (A) the second from non pathogenic 
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(B) -drains Tte sera of rabbits tbst 1^4 been mocnkted intravenondr \ritb 
Trhole coca reacted EpecificaUy to a luch btre with the polrsacchaudes when 
tested by th<» preapitabon reaction. The polvsacchandes were non anhsenic and 
non tone for rabbits and mice bat Type A gave nse on mtradennal tnocnlation 
of patients with staphylococcal infections to an immediate shin reaction of the 
wheal and erythema type. Besides the carbohvdrates a complex protein 
«Tih tance was isolated feom both pathogemc and non patho"enic drains of 
staphylococci. This protein though non toxic to rabbits, and mice was antigenic 
gmng use to preapitms that reacted howerer only with the protein and not with 
the polysaccharide snbstancea. On mtradennal loocnlation into so*ceptible 
patients the protein evoted a sVm reaction of the delayed inflammatory type 
‘^rolo<ncal obseryations showed that the piotem was responsible for the species- 
specificity of staphylococa while the type-speciflaty was detetmmed by the soluble 
specific carbohydrate substances. For the differentiation of pathogenic from non 
pathogenic strains it was essential to employ the precipitation reaction, nsing as 
an antigen cither the extracted polysaccharide the supernatant fluid of centrifaf-ed 
young broth cul ures or an acid extract of the sedimented organismsL The ag^luti 
nation reaction was affected hy the group protein and was unfitted for type 
differentiation. This work has been confirmed by Hegemann (1937) and Peragallo 
but Thompson and Eoraro (193^) have brought evidence of the enstenee 
of at Iea«t one further polysaccharide which they te-m Typt C , and Verwey 
(19i0) claims to have liolated a type-^®^® protein from staphylococa. Bmfee 
(1912) found that all strains a<Tglatinatang with Cowans sera formed Jolianelles 
polysacchande Type A 

In general, it may be said that the preetpitin reaction is more suited for the 
differentiation of patho^mc frota non pathogenic strains and the a-’glutination 
reaction for the suh-dmaon of the pathogenic <tTains into types 

Staphylococa are known to be fire^ent camera of bacteriophage Fl-k (1912) 
took advantage of this to devdop a cro^-cultute method of birtenophage typing 
By this means he was able to classify 44 strains of Staph curetu into 3 different 
groups. Out own observations have shown that if potent lytic filtrates are pre- 
pared, staphylococa may be typed by a method sir^r to tha. used for th* Vi 
phage-typing of typhoid baoUi. Already 21 different types have been estabhahed, 
and the method las proved of oonsiderable value m epidemiological inquiries (Wilson 
and Atkin, on I94o) 

Tozm Prodnetioa. — ^TVhen grown under suitable conditions certain strains of 
staphylococci give nse to a filtrable toxin having a senes of effects which though 
desenbed a long tune ago bv such workers as ran der Velde (1894) Denys and 
Havet (IS93) von LingeLheim (1^99) Kraus and Clainnont (1900) and \eisse' and 
VTetbsberg (V^\) haveTectiredxtrtCTeiyeStudydimngreecntyeais. Tluactiyrty 
followed largely on the reinvestigabon of the problem hy Paiet m 1924 A 
toxic filtrate is hamolyfac especially towards rahb t cells it has a destructive 
action on leucocytes when mjected lutradermally into the -«Vtt> ©f the rabbit or the 
guinea pig it gives nse to necrrsis and when injected intravenously into the 
rabbit or mouse it causes acute and fatal toxasmia. 

Toxin formation is a property of pathogenic Btrains and u therefore limited 
mainly to the owretw type Considerable vanation exists between different strains 
and if toxin is required on a la^e «cale for immunological or other purposes it is 
important to select a strain with a high toxigenic capacity Vanous methods are 
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used m the production of the toxin In a flmd medium it de%elop3 rather slowly 
Thus Neisser and Weehsberg (1901), by testing broth cultures filtered at intervals, 
found that the toxin, ns judged by the hiemolytic litre, was first demonstrable on 
the 4th day of incubation at 37® C , and that it rose to a maxirnum between the 
10th and 14th days, after which it gradually diminished Burnet’s (1930) technique 
of growing the organisms on 0 8 per cent nntnent agar for 24 hours m air contammg 
10-20 per cent CO,, and extracting the toxin from the ngar with saline, is very 
satisfactory, and is widely used, either in its ongmal or a slightly modified form 
(Parish and Clark 1932, Doln^n 1932) The medium used should have a re 
action of between pH 6 0 and 7 0 (WaJbum 1922) Though the toim can traverse a 
Scits filter, some of its activity is lost in passage, and it is therefore advisable to 
separate the organisms from the toxin by centrifugation A good toxin should 
btcmolysQ a 1 pet cent suspension of rabbit cells in a dose of 0 0005-0 002 ml , 
0 001-0 005 ml should cause necrosis on intradermal inoculation, and 0 25-0 8 ml 
per kilo injected intravenously should kiU a rabbit within a few minutes (Burnet 
1929, Gross 1931c, Parish and Clark 1932) Satisfactory toxins can be prepared 
by growth in a chemically defined medium (Gladstone 193S, Smith and Price 1938a) 

Though Burnet (1929), Gross (1931c) and Gengou (1932) formed the opinion 
that the vanoiis activities of a toxic filtrate were due to one and the same toxm, 
subsequent workers have inclined to the opposite view Without prejudicing the 
issue, we shall, for the sake of simplicity, describe each of the manifestations 
separately 

aJiwmotynn — ^Thia ts active against rabbit, but not against human, red corpuscles 
and causes lysis rapidly at 37® C It has wme action on sheep red corpusclee, but this 
is destroyed by heating at 57® C fer 30 minutes (Flaum 1D3S) It can ho specifically 
nentnliaid ui multiple propcrticns by aa antiserum Its resistance to beat is peculiar 
since it IS msetimted more rradily by lover than by higher tcmpcratuies (Arrhenius 1907, 
Landsteiner and von lUuchcnbtchler 1900, Scifiert 1935-36, Kodama and Nisiyama 
193S, Bigdon 1033a, Bcumcr 1939, Fulton 1943) According to Arrhenius (1007) lysin 
heated to 70® C loses a great part of its hansolytic actinty, but regains it it it is heated 
for a further S minutes to 100® C This fundamental obseiratioa was confirmed by 
Landsteiner and von Rauchenbichlcr (1909) using • temperature of 65® C for 30 minutea 
to inactivate the iysin As the result of expcnmenlsl observations they were led to 
believe that at the loact temperature the lysm entere into combination with a protein 
constituent, derived from the broken dcrem organisms, the medium, or added serum, to 
form an inactive compound that can be dwtrojod by heating to a higher temperature, 
thus libcratmg the lysm The fatluio to realize this unusual reaction to heat has led 
to much confusion by workers who have assumed that because the lysm is apparently 
destroyed by heatmg for 2 hours at 57® C . 1 hour at 60® C , or 30 mmutea at 65® C , it 
IS necessarily destroyed by boiling According to Bumet (1931) Kodama and Nisiyama 
(1938), and Fulton (1943), a strong toxin is not destroyed eompIeteXy even in 30 nuautes 
at 100° G Its activity IB said to be inhibited by asoocbio acid in a concentration of 30 mgm 
per ml (ilercier 193S), and by azochloramid (Heise and Starm 1040) There is a close 
paraUehsm between the a hemolysin content of a fZltrato end (1) the dermonecrotio and 
lethal factors (seo Panton and Valentine 1932, Levine 1939), (2) the ability of a given 
stram to reduce methylene blue (McBroom 1937). and (3) the lencocidm content as esti 
mated by the Neisser IVechsberg method (IVnght 1936), though this is still eub/ect to 
dispute (see Flaum 1938) Morgan and Gmydon (1936) have brought evidence to show 
that in most tone filtrates the a lysm contains two antigenically distinct components 
referred to as sj and a„ which have different combtmng powers for antatoxm , both are 
dennonecrotic Treatment of the toxin with 02-06 per cent formol at 37° C leads 



616 


STAFBTtJOCOCCVS 


la tV coarse of » fe» davs to » dissppearwsee of its hftjBcJrti-* and tone properta«, but 
not to that of its fioecolatn^ caiBcr*j '■ith aatrtoxis (aee Bniwt 1531) Tonsd so pf»- 
parcd IS anliscEie aod is sojnrtcass i»ed as a Tacone. Sttana jeodaong a Jrsa are 
pr^dceninantly of hnsiaa on^m. 

p4yt\n TKtj sets on sheep, ox and Lomaa, bat not on rabbit, red eceposed^ and 

causes Iras oclr aftey the tabes hare “tood at xwjia tororei3*-tti*- a m th* Meeijes* ora 
the 9>«alk<l “hot-cold Iras 1933 GHidt a»3 Sirens 1935) It is 

Bjore ret-fftant to fcomalm than the a lysn, and is usiiallr eU,ed to b» more restrtan* 

abo to beat, the degree of dEstrJcboQ at ^C-iahalf-anbonibeiiiStaadika. Aeasding. 

booerer. to and Ko.ima {1939} it n-esbfes a lysm in bcnig inacti'rated mace 

leadOy at lo*' at h>;>i lempaal g r t a. It is antir«iieally dirtsnrt fres the a Irsa, 
and can be fpeciSeaDv oeatoahzed by a mtable antisetaig. It u much less tox^ than 
the a lysm to rabbits, pnaes-ia:s afxi mice (B'yw and KoEmtiw 1535) Tctrademal 
laoenlaiioo into fomea-piis pres ns* to no iimf* than a transit erythema (^nnth and 
Price 193Sa) Stmns trodnemg ^lysin are ptedommantly of bonne enmn {see SEnett 
1536. Slanefct 1912) 

,‘-fy»ia. — Smith and Pnee (193b5) hare describe the jrodnetioa by a strain of staphylo- 
coeens of a /-tono, whiA anses npd Irsis of the red etryasdes of a Tarietv of an-mals 
including the rabbit and sheep, and ddajed Iras of rat and gmxA-yig ecepordes. It 
apjears to be antip^aicahy dirtmct from the a and ^toxms thoimh it mar bays soar* 
lelationsirp to the Xftosm. 

I^vjeoctdtu.—Tbe study of the feneoadm contect cf tone Qs%tea has been earned 
out by two diffeirot metboda. In (be Noaser WecLb^t- fS W ) method tie leosoadia 
u titrated br its ability to uJubd redoction of methykne bine by heaJJiT rabbit lenco- 
eyttt. Th* Paaton Ttlestiae (PT) method, dsoril^ br Panics and Vaiertteie m 
IQS'* and modified sh^tly from that of yaa drr Velde (I^) depsds on detet Bim>- 
scopie obsantion of the de«tre‘’tire actioa of the tomn on human kneoertea. Aootrding 
totheohseTTatwnsofValeatiae (1936) and Wnglit {t935) iv wwH appear that tie \ 'W 
lescoodin is idenbeal with the a hsmolysn. but that tk> P V u d^ficRCt 

from it. Hat&a (153o) on the oth«r band, obsemd that a practicaUr puia iMjan Bi.ght 
hare a sUout knsoadal e?«ct, as tested br the \ W me^od. and ocsdodnl that tbs 
N W leu'XJcidm is not alvars identiml mth the a Ivsm. He mg^wta. how g iy, tha t 
the P V leucoetdm may be idestieal with (he Irsm. In his ta p er ygee rt pnrred to be 
more heat stable than the leacoeadm associated with tb» a lyeia. IVo oo i (1537) cremders 
that tbs a lysn is able to tulerfere Vith the reejsratorr artmtr of the lenw v tea, as 
measured br the "N IT tedmigue, bat that it has net the same dstru'^e action cm tb» 
cell aiKl nndeos as is manifested bv the P t lentocidia. Weld and iDtdtdl (1942) state 
that the a Ijrm and the 'N W ku'mdm a-glntznate rabbit kneoertes, ai^ that the 
agglutination reaction can be ii9*d instead of mctl^leoe bine leductiOQ few measuring the 
\ W fcacondm. 

Pnterciartn.— Some strains of stapJ^kooca, mcKtlr of the awrsM Ejeoes, prodn;** 
under fsTonrable eondibons an enteiotoxin that u capsbk of grni^ rise to acute food 
poisoning ID man («ee Chapta "•*) Our infonnatwa on 13m pce^**liffi of this sabstanw 
« cssofosing and mcompkte There b to aatofactory method of tnratms it, and there 
19 some doubt atxmt its heat stabSitr It u r*epared best by growth in a s-mi-solid 
a-ar medium, such as that described br Desman and \V2son (153?, 1510) The cnltcrw 
should be meubated for about 40 boors in an atsosj^yie 10-30 pet emit. 00*. 

and should then be pa^cd throogh cheese doth and fine filler paper and eentnfcged 
at high speed. The clear supernatant fimd. which contains the estrmtona, should be 
sterilized by gtadocol filtration. Tests for ito presence anH ita putec^y were csngmally 
by feeding filtrates to huTuaTi ydsnteem cr to monhevs , but Dolaun, Wilsoo and Cbck- 
croft (1936) pointed out that, pronded the s and p teTin« were destroyed by heat or 
fw malin, or were neutralized by antbenun. the enterowmn «vmM be demtastrated br 
Its ability to give rse to yomiting and dianh/ea m fattens injected intrapentooeally 
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Tnoculation of 1-3 ml of a potent filtrate into a kitten weighing 350 700 gm la followed 
as a rule within half-an hour bj lassitude and weakness, unsteadiness of gait and pat 
osj-Ftiwl Tomitmg of the projeetilo type associated with diarrhoea. The kitten may be 
U1 for several hours but usually recovers eorapletely 

How far Ibo kitten test can be regarded as a specific fBsetion to the enterotoxia is 
doubtful Several workers (Rigdon J0386 Jones and Lochhead 1030 Hanunon 1941) 
have reported non.specific reactions alter the intrapentoneal injection of control materials 
Jloreovcr Pulton (1943) uorking in chit lAboratory found littto reUtionship between 
the ahllitj of a filtrate to give nse to vonutuig in kittens on intrapentoneal mjection 
and to vomiting m man when taken by the month Other methods of demonstratu^ 
the enterotovin have been auggwted such as tho intravenous moculation of rabbits 
(kupchik 1037) of kittens (Davison Dack and Cary 1933 Davison and Back 1930) or 
of monkeys (Scgalove and Dack 1941) nr the feeding of kittens -(Dolman t\ilson and 
Osekeroft 1936) but none has so lar proved as rehahle os the feeding of human 
volunteers 

Tho nature of the enterotoun m st»U in doubt Dolman (1943) regards it as distinct 
from the « and tho toxins He finds that a pure fi toxm when injected mtnvpentoneally 
into the kitten gives rise to early and repeated vomiting commg on sometimes within 
G minutes and followed by death some hours later Vomiting caused by the cntefotoxin 
on the other hand begins later and is not fatal. Though Slanetz (1942) suggests that 
the p toxin and the cnteroWxin arc tdentical this seems improbable because a pure j5 toxm 
is innocuous to man bj the month (Fnlton 1943 Dolman 1943) For the separation of the 
roterotoxm from the « toxin, reliance has been placed on the dificrence m their beat 
stability The a toxin is said to be destroyed by heating at 0S‘ C m 30 minutes whereas 
the enterotoxin is said to incbsCand boiiing for 23-30 minutes or longer As Fulton 
(1043) however, points oat, this is not a reliable method of differentiation because the 
a toxin though Inactivated bj beating at 69*C. » moderately resistant to boiling (see 
p 018} It IS at present very difficult to say whether the enterotoxin is distuet from the 
other toxins or whether it is related to (be a toxin but the ohrervation by Dolman 
(1944)ofa8tram that prodaced enterotoxin in thecomplete absence of a or ^ toxin suggests 
that the enterotoxin is distinct from the hxmolytic toxins The mode of action of the 
enterotoxin is not yet understood The observations of Bayliss (J940) on the cat and of 
Richmond Reed Shaughnessy and Ilicbacl (1942) on the rabbit suggest that its action 
IS penpherni rather than central and that it affecta either the eensory nerve endings or 
the smooth muscle of the small intestine 

StaphjlocooQvlase — ^The ability of certain etaphjlococci to coagulate citiated 
or oxalatcd plasma was first desenbed by Loeb (1903-04) and confirmed by Mach 
(1903) Later it was studied by a nuniber of other workers (von Daranyi 1926 
Gross 1931a b Stephan 1934 Tanbrenseghem 1931 Chapman et al 1934 lYabton 
1935) 

For its demonstration about 0 1 zs) of an overnight broth culture of Staph aureus 
or of A broth suspension of an agar slope vulture made up to the same density as a broth 
culture IS mixed with 0 5-1 0 ml of a fivsbly prepared I/IO dilution of human or rabbit 
plasma m saline The mixture is incubated at 37® C for 3-6 houre if no clot has appeared 
by this time it should be left overnight at room temperature and again examined The 
plasma of other nmmalQ such as the horse o* sheep or guinea pig may be used instead 
If kept undiluted m tho ice chest under ateule condibona citrated plasma remains suitable 
for eeverat months (Rak 1940) Since jdasma may undergo spontaneous coagulation 
a control tube contammg plasma alone diluted with saline should always be put up, as 
well as tubes inoculated with a known coagulase positive and a known coagulase negative 
stram Culture media containing fmnentable ^^ohydrates should be avo ded, since 
Iveter (1937) has shown that under these conditiona many strains form an anti eoagulaso 
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which may inhibit the clotting of the plasma Other soarees of error hare been pointed 
out by Gillespie (1943) According to Duncan and Walker (1942) the result of the test 
13 influenced by the proportion of cnltare to plasma in the miitare The optimal pro 
portion can be determmed m the usual way by titrating a senes of increasing dilutions 
of culture against a fixed Tolume of plasma, or of increasing dilationa of plasma agaiiBt 
a fixed rolume of culture Tests for the preaeoce of cosgnlase may also be made by the 
ahde method (Cadness Graves tt ol 1943) 

Though there is a high correlation between coagnlase and a. hiemolysm produc- 
tion there seems bttle doubt that these two substances are distmct The hiemo- 
lysm 13 destroyed in half an hour by exposnte to a temperature of 56® C , whereas 
the coagulase is not (Vanbreuseghem I9M, Gmckshank 1937, Smith and Hale 
1944) The hsemolysm is absorbed by red corpuscles, the coagulase is not. An 
antibody to the hsemolysin can readily be obtained by the inoculation of rabhits 
but not to the coagulase (Gross 1931a) Coagulase is formed almost exclusively 
by strains of Staph aureus or by albus variants of aureus strains. Crmckahani 
(1937) mamtams that coagulase production constitutes the most convement and 
reliable amgle test for estimating the palhogemcity of a given strain. This con 
tenhon is supported hy a number of snbseijnent workers (Chapman el al I93S, 
ilarcuccio 1933 Gillespie, Devemsh and Cowan 1939, Fairbrother 1940, Christie 
and Eeogh 1940) 

The method of coagulase action is not yet clearly undentood. According to 
South and Hale (1944) coagulase it«elf is a thermostable substance, filtrsbie 
through a gradocol membrane havug an A.PJ> of 0-31 mft but completely held 
back by one of 11 m/i It appears to be the precursor of a thermolsbile thrombm 
like substance the production of wbi^ depends on tbe partiapation of an activator 
present m the plasma of some animals but defiaest or lacbng m others The 
staphylocoagulase reaction resembles normal thrombin formation from prothrombin 
under tbe influence of thrombolaoa«e except that calcium is not required 

Pathogenicity — The staphylococci can be fairly sharply divided into patho- 
gemc and non pathogemc types Thus the great majority oi strains isolated from 
suppurative lesions in the animal body are found to be pathogemc for rabbits, 
and to a less extent for mice and guinea pigs On the other hand, the great 
majonty of strams isolated from normal skm air, water, dn'd, etc are harmless 
to these animals Sometimes the vunlence of the pathogenic strains diminishes 
on prolonged cnltivation but this is not always so , even after years of sub 
culture in the laboratory the virulence may remain intact Moreover, by passage 
through rabbits it is generally possible to raise the virulence of a stram which 
has bwome temporanly avuulent , wilb the saprophytic strains rs impossible 

According to Lubinsb (1894) the virulence of Staph aureus for rabbits can be 
mcreased by growth under anaerobic conditions, growth in pure oxygen was 
said to have the reverse efiect 

Man, — The «taphylococci which are responsble for disease in the human body 
generally belong to the aureus or olhus vanetiea , only occasionally can Staphyl^ 
coccus etlreus be incmmnated Staphylococcus aureus is more pathogenic to man 
than Staphylococcus dIbus , it gives nse to the severer lesions such as osteomyelitis, 
pyamia — sometimes associated with an infective endocarditis— mastitis boiU and 
abscesses m various parts of the body, and on occasion to a peculiarly fatal form 
of broncho pneumonia (Finland, Feterson and Strauss 1942} whereas Staphylococcus 
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ttlbus IS ie3poii«ibIe for the milder in&mmatoij lesions such as acne pustules 
stitch abscesses and other minor suppniatiTe conditions of the sbn Staphylo- 
cocci ate frequently found in coQ]tm^oD mth other organisms particularly in 
the chronic stages of gonorrhoea, in bronchitis in post influenzal pneumoma and 
in catarrhal conditions of the nose and respiratory passages Their e'ract si g mfi 
cance in these ca«e3 is difficult to assess bat it is probable that they assist these 
other organisms m givmg rise to suppniation 

Seaeral observers have made personal experiments on themselves to test the 
pathogematy of the Btaphylococa in pure culture Thus Garre (see hTeisser 
1912) found that by rubbing staphylococci into the skm of his arm he was able 
to produce boils which took a considerable time to heal (For further information 
on Pathogenicity to man, see Chapter 67 ) 

Expenmental Inoculation — The numerous experiments which have been con 
ducted on the pathogenicity of the staphylococci suffice to show that the only 
laboratory animals that can be artificially infected with ease are the rabbit the 
mouse, and the guinea pig Of these undoubtedly the most susceptible is the 
rabbit 

Not all strains are equally pathi^enic As a rule the cocci which are 
isolated directly from suppurative processes m the body prove virulent, whereas 
tho^e isolated from eUn, air, water, etc are anmient The most pathogenic 
are the golden strains many of the white strains are pathogenic though to a 
less degree, the yellow cocci are generally non pathogenic 

RissiTS — The subcutaneous injection of 1 ml of a 24 hours broth culture of 
aureus gives rise to a local abscess from which th« organisms can be recovered If the 
eulture is sivced with an equal amount />f S per cent melted agar and inoculated mtra 
eiitaneously into the rabbits back a spreading necrotic lesion occurs with httle pus 
formation (Jackson bicholson and Holman 1940) 

Intravenous injection of 0 1 to 05 ml ofastramof^tapK at rci/s recently isolated from 
a suppurative focus generally proves fatal m 24 to 48 hours Post mortem there are 
hsmorrhages and bloody exudations on the serous membranes and parenchymatous 
degeneration of the glandular organs the cocci can be recovered from the blood 
stream 

Intravenous injection of a smaller doso — about 0 01 to 0 05 ml — gives rise to a pytcmic 
condition accompamed by loss of weight and general weakness and proving fatal m 
I to 6 weeks Post mortem multiple small or large cucumsciibed abscesses are found 
particularly in the kidneys and less frequently in the myocardium luag« spleen bone 
marrow and costal cartilages Sometimes vegetations develop on the mitral and tncuspid 
valves and the chord® tendine® without any artificial woundmg of these structures 
Acute ostcomyehtis of the lorig bones not infrequently develops The cocci can be recovered 
from the suppurative lesions In animals that recover reparative processes occur 
Sla-phytoeotcvs albuf is usually much less pathogenic Strains recently isolated ftom 
suppurative foci may cause death on intravenaus injection of 1 2 mL of a 24 hours broth 
culture Strains isolated from saprophytic sources are non pathogemc uni ss given m 
large doses when death occurs apparently from tozasmia 

Staphylococci which have been killed ly heat at 60® C for 2 hours if given m large 
doses — 2-^ agar slopes — at repeated intervals of 10 days may give nse to progressive 
cachexia with death m 2 or 3 weeks Post mortem much the same changes are found 
as those foUowmg acute death from a hvmg cnlture namely a hEPmorrhagio exudate in the 
pentoneal cavity serous hfemorrhages, and parenchymatous degeneration of the glandular 
organs (Koch 1908) 
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ilici iJ>D Guise* pigs are much lee snsoeptibSe than tabb U, and tboUsb dsth tn»T 
foUoB- the rntrapentoaea] ef nnileit cdtures, tbs* u frequently do more tbsn 

a local ateress farmaboa from which the animal reeoTCTs. 

Protection Expemnents. — Pro'cher (I'KB) trio attempted to prepare an immnae 
aemm emtable for propbrlactic and tierapentic n>e obtain'd some hopeful result 
by the injection of bring nrulent stapbrlococCT into goats and hor«es. 1 5 mb 
of immnce goat semm giren snbcotaneouJT protected rabbits agan^ 0-5 ml of 
a nrulent broth cnlture injected intrarenonslr 24 boars later But if given at 
the same time as or 'ub'cqu'ntlr to the injection of the cocci it had bnt btt’e 
or no effect. In «pite of num'rous studies by snch. srotbera as Porsiman 
Blair and Hallmann (193-3) Ki cbing and Farrell (1936) Lvons (1^37) Downie 
(1*^0 ‘^mith (l^tS”) Cowan (193*^6) and \alentine and Butler (1**39) the m'chan 
ism immunity in natural and eipenin'ntal infections of man and animals with 
•taphvlococci remains ob«ccTe. Serum prepared br the injection of rabbits 
or hor«es with toxoid and later with toxin, has a hish antitoxic titre, and mar 
«ave the life of ttet aniznaU inoculat'd p'ophylactieaUy hut it seems to hare 
btUe or no direct bactencidal effect so that local abbess formation is cot neces- 
sanlr prevent'd. 4n international <tandard for «tapbT!ococcal antitoxin has now 
b^^n laid down on' unit la contained in 0-23<6 mgm. of the standard preparation 
(Smith and Ipren 193 ) The poteocr of the serum u trra^-ed by the luemolytic 
method unng rabbit red corposde*, by the intracuyan'cns injection of guinea pigs, 
and br the rntrarenoni injection of mice. 

CLAVnnca-nos 

Littl' useful purpose would be served br destnbJig the numereus attempts 
that hare been made to provide a «atufactoiy cUsnficatiOB for the «taphylecocci. 
Those who are interested «hoa]d coorult the «*udi« of Poreabs'h (1 w4) IHcslow 
and Bogers (1906) Dudgeon (1*^) KLsler (1913) TVinslow Rothbe*2 and Parson* 
(19'’0) Hucker (l9'’4o) and Daireon and Simpson "Neatlv all woAers 

are agreed that there u a gradation Dom the achvelv fenneatative, gelatin hque- 
fnng pathogen!'’ group of which tb“ tvpe is S-cpfi ajrnt* down to the sreakly 
fermentative, gelatin non bquefvmg eapropbvb'’ group of which Go’don s scurf 
staphylococcus l a trpical repre^ntative No «harp line oi cleava!»e occurs, and 
DO single propertv can be regarded as satislacforv as a bans for clasnScaLoa. 
Though there u something to be said for dividing the «*^aphvlococa mto a patho- 
genic group 5/apft (Cowan 193^) and a non pathogenic group StapK. 

wpropAy'icuj (Fairbroth'T 1940) on th® basis of coagulase p’^uction, we doub‘ 
whether there u much to V gamed, partly broaure the production of golden pig 
ment and coagalase «e fiasW hahhly CQTTela.ted, partly beca-use eoagidase piciduttiou 
has not vet been establish'd as a certain indicate of po enhal patho'ematj'and 
partlv because pathogenicity is no* a goo-l entenon on which to establish speofi'’ 
differences. It i* true that we recogmie th' cam' 5 rep.ococctis pyc^enej bat h're 
the differentiation is bared on the &iDer ground antig»mc 'tmeture Unt3 the 
serological study of the staphylococci has progreared farther we tbml it best to 
beep to tb' time-honoured naraea of S apX oare’.ir Sl^ipLalbus AniSlapft ciiretti 
and takin' account of more recent tnowledg® to define them tentatiTely « 
follows 

^faphylocomit ajteu* u a pathogenic "proies producing sappmatirc lenons 
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raryiDg seventj* in man and aarniah ; usosDj it fcrms a golden-j-eUnw pigment, 
but albus Tarianta may be throim off eitber in tte body or t?» wlro It produces 
toxic filtrates -mtli Licmolytic, leucocytoljtic, necrotiang, and lethal properties 
for the rabbit, and 'oineCimes with irritatiog properties for the gastro-intestmal 
tractof man , it almost always liquefies gelatin, ferments lactose and mannitol, and 
coagulates plasma , it contains a specific polysaccharide not possessed by non- 
pathogenic staphylococci , its antigenic stmctnie differs from that of the following 
species 

Slaphylococcus dlbut is feebly patbogemc, or non pathogemc , it is normally 
present on the skm, m the hair, and apparently in ait, water and dust It gives 
porcelam-white or mdifferently coloured colonies, but never produces a yellow or 
golden pigment It forms no toxin, or does so less frequently than Slaph aureus , 
though white vanants of Staph aureus ate often highly toxigenic It frequently 
liquefies gelatm, but less constantly than Slaph aureus It often ferments lactose, 
but not manmtol , it forms no coagulase , and it appears to contain, as a rule, 
a polysaccharide different from that in vimlent Staph aureus strains 

The third species. Staphylococcus cttreus, is a non pathogenic saprophyte It 
produces a distmctive lemon yellow pigment , it is doubtful whether it ever forms 
a toxin ; it liquefies gelatm less frequently and less rapidly than the preceding 
species It has little or no fermentative ability , and it forms no coagulase 
We append, for purposes of reference, a detailed description of Slaph aureus, 
together with some of the characters ascribed to those types of staphylococci 
which have, at various times, received specific names 

Staphylococcu anrens Rosenbach 
Isdation —Fust desenbed fully by Bosenbach (18S4) 

Hatnlal — Actual or potential parasite found in suppurative lesions of man, tn the nose 
on tbe normal skin, and in cow's milk. 

ilorphology — Sphenoal cells, 0 8-1 0 ^ in diameter, in cultures on soLd media the cocci 
are arranged in grape like clusters, in broth they occur as small groups, pairs 
and short chains of not more than four members Stain well with the usual aniline 
dyes Kon motile. Gram positive, non acid faet. 

Agar Plate — ^24 hours, 37® C Circufar colonies, 1 2 mm in diameter, low convex amor 
phous, opaque, and of a golden colour, having a smooth ghsteiung surface and 
an entire edge , butjrons in consistency and easily emnlsifiable No diSerentia 
tion visible 

Agar Strait — 24 hours, 37* C Abundant, confioent, raised, golden yellow, opaque 
growth, with a glistenmg smooth or slightly contoured surface, and an entire or 
slightry tmdulate edge 

Gelatin Slab — 5 days, 22® C Abundant fikfonu growth reaching to bottom of stab 
surface growth about 5 mm in diameter . liquefaction of infundibuliform or saccate 
type. 

BnAh ■ — 24 hours, 37® C Moderate nmfwni turbidity with a moderate, powdery deposit, 
dismtcgratmg readily on shakmg , slight ring growth at surface 
E<Mit Blood Agar Plate — 18 hours. 37® G Good growth BJood is partly or completely 
hsmolyscd around colonies 

MacConley's Agar. — 24 hours, 37* C Tmy, convex, pmlush colonies about 0 5 mm 
m djameter later they increase scanewbat in size, and take on a deep red 
colour 
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HiCE AJTD Gcivea PIGS are macli less easeeptibb thaQ rabbits and though death may 
follow the intrapentoneal injection of TUnlent cultures there u frequently no more than 
a local fthsce^ formation from which the ammal recovers. 

Protecboa Expenments — ProacLer (1903) who attempted to prepare an immnne 
serum suitable for prophylactic and therapeutic use obtained some hopeful resnlts 
by the injection of living virnlent staphylococci into goats and hordes 1 5 ml 
of immune goat eerum given subcutaneomly protected rabbits against 0 n ml of 
a virulent broth cultnie injected intravenously 24 hours later Bat if given at 
the same time as or subsequently to the injection of the cocci it had but little 
or no effect In spite of numerous studies branch worLers as Forssman (193o-41) 
Blair and Hallmann {193>) Kitchmg and Farrell (1935) Lyons (1937) Dowme 
(1937) Smith (1937) Cowan (i*>396) and Valentine and Butler (1939) themechan 
ism of immunity in natnral and eTpenmental infections of man and animals with 
staphylococci still rema as obscure Seram prepared by the injection of rabbits 
or horses with toxoid and later with toxin has a high antitoxic titre and may 
save the life of te t animals inoculated ptophylacUcally but it seems to have 
httle or no direct bactericidal effect so that local ab«ces3 formation u not necea 
sanly prevented. An international standard for staphylococcal antitoxin has now 
been laid down one nmt is confamed m 0 2376 mgm of the standard preparation 
(Smith and Ip«en 1933) The potency of the «erum is titrated by tbe hsmolytic 
method unog rabbit red corpuscles by the mtracntanooas injection of gumea pigs 
and by the intrai enous injection of mice 

CLASSmClTIOV 

Little useful purpose would be served by describing the numerous attempts 
that haie been i^e to pronde a satisfactory clascihcation for the staphylococci 
Thooe who are interested should consult th» studies of Hosenbach (1&&4) Winslow 
and Rogers (1906) Dudgeon (1903) Kligler (1913) ITlnslow Rothberg and Par'ons 
(19'’0) Hacker I19'’i<j) and Dudgeon and Simpson (19M) Nearlv aD workers 
are agreed that there is a gradation from the actively fermentative, gelatin lique- 
fying pathogenic group of which the type is Staph ajrcus down to the weakly 
fermentative gelatin non liquefying saprophytic group of which Gordon s scurf 
staphylococcus is a typical repre«enfative No sharp line of cleavage occurs and 
no single property can be regarded as eatufactory as a basis for classification. 
Though there is something to be said for dividing the staphylococci into a patho- 
gemc group Staph pyogenes (Cowan 1933) and a non pathogemc group Staph 
saprophj/ticus (Fairbrother 1910) on the basis of coagulase production, we doubt 
whether there is much to be gained partly becan«e tbe produebon of golden pig 
ment and coagolase are fauly highly correlated partly because coagulase production 
has not yet been established as a certain indicator of potential pathogematy and 
partly became pathogematy is not a good cnteiion on which to establish specific 
differences It is true that we recognise th** name Streptococcus pyogenes but here 
the differentiation is based on the firmer ground of antigemc structure Until the 
“erological stndy of the staphylococa has progressed further we think it best to 
keep to the time-honoured names of Staph aureus Staph albus and Staph ettreus 
and taking account of more recent knowled^ to define them tentatively as 
follows 

Slaphylococcxis aureus is a pathogenic species producing suppurabve lesions of 
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varying seventy in man and animals , usnallj it forms a golden yellow pigment, 
but albus vanants may be thrown off other m the body or in vitro It produces 
toxic filtrates with hemolytic, leucocytolytic, necrotizing, and lethal properties 
for the rabbit, and sometimes with irritating properties for the gastro intestinal 
tract of man , it almost always bquefies gelatin, ferments lactose and mannitol, and 
coagulates plasma , it contains a specific pol/saccharide not possessed by non- 
pathogemc staphylococci ; ita anUgemc structare differs from that of the foUowmg 
species 

Staphylococcus albus is feebly pathogenic, or non pathogenic, it is norinally 
present on the skin, m the hair, and apparently m air, water and dust It gives 
porcelain white or indifferently coloured colonies, bat never produces a yellow or 
golden pigment It forms no tozm, or does so Jess frequently than Slaph aureus , 
though white variants of Staph aureus are often highly tongemc It frequently 
Lqucfies gelatin, but less constantly than Staph aureus It often ferments lactose, 
but not mannitol , it forms no coagulase , and it appears to contam, as a rule, 
a polysaccharide different from that in virulent Staph aureus strams 

The third species, Staphylocoocua eitreus, is a non pathogenic saprophyte It 
produces a distmetive lemon yellow pigment , it is doubtful whether it ever forms 
a toxin , it hquefies gelatin less frequently and less rapidly than the preceding 
species It has little or no fermentative abdity , and it forms no coagulase 
We append, for purposes of reference, a detailed description of Staph aureus, 
together with some of the characters ascribed to those types of staphylococci 
which have, at various times, received specific names 

Staphylococcus aureus Rosenbach 

Isolation — ^First described fully by Rosenbach (1894) 

Habitat — Actual or potential parasite found m suppurative lesions of man, in the nose, 
on the normal skin, and in cow's milk 

Morphology — Spherical cells, 0 8-1 0 ^ in diameter, in cultures on sohd media the cocci 
are arranged in grape like clusters . in broth they occur os small groups, pairs, 
and short chains of not moio than four members Siam well with the usual aniline 
dyes Non motile, Oram positive, non acid fast 
Agar Plate —24 hours, 37° C Circular colomes, 1-2 mm la diameter, low convex amor 
phous, opaque, and of a golden colour, having a smooth glistening surface and 
an entire edge, butyrous m consistenoy and easily emulsifiabte No differentia 
tioa visible 

Agar Stroke — ^24 hours, 37® C Abundant, coofluent, raised, golden yellow, opaque 
growth, with a glistening, smooth or slightly contoured surface, and an entire or 
slightly undulato edge 

Oelalm Slab — 5 days, 33® C Abundant fiLform growth reaclung to bottom of stab 
surface growth about £ mm in diameter , liquefaction of infundibuliform or eaccata 
type 

Broth. — 24 hours, 37® £7. Moderate amlonn turbidity with a moderate, powdery deposit, 
disintegrating readily on eliaking , slight nag growth at surface 
Rabbit Blood Agar Plate — 48 hours, 37® C Good growth Blood is partly or completely 
hiemolysed around colonies. 

MaeConkey's Agar — 34 hours, 37*0 Tiny, convex, pinkish colonica about 05 mtn 
m diameter Later they increase somewhat m size, and take on a deep red 
colour 
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PcMa . — 24 37* C Poor, TdloroJi, g-ixrth. 5 iayi , csSiwEt, 

Ta-s««i, golden vriJo»- pvrtli. 

lor^^'t Sjttoi. — 24 JtoM-*. 37® C. Good, confiaent, goJdsa j^Jor yuBli. 

EtftsJjTiee.— llav ^thrtiad mcRst fcsat «t ©9’ C. for 9) Eam'es , gesg a Sr liBed in oas 
fcoor P e^ti t g ed ly 3 per eeif. fdteac^ la 15 Eunn'ea. 

JfrfaWvwL — Aerobic, faenltatirrfr aaaefobie. Gnnrtlv occcrs bst •! 37® CL, lm.ts 12* 
to 45® G Optaanas pH for g»owlli is 7'*-7-€, Pigiarat fo m i td most teadilT *t 
22® C , IS not iomed la etsitnres poro «a±«ol»c»!2r lUlaHe !ues=<Jr^ pro- 
daad, slj^srta npdir tsi nbbit sr»d dxep wd cocposdes ; ^^rsa sets dowlj 
m sb^p cwposcle! — iot-oold Irss., prodserd dots atrated hasia 

or rabbit plissA. 

BtoeJemaal Btadtoxi. — lad, no in gtnocset radtose, nranaitc^ lactose, ud rscrcise. 

T^IT- dot, »ad sora^ dia ea pef4ocA»baa. tedde — . 3LH. — ■ Vj* — . 
Xitrata redaaed to njtntea. H R reaction -S-. . VH,—. 

Afitig^te Slrvelvt . — Orotiips * pc^Kracdunde A, de^castzable br paeapvtitxa- Eterj. 
able br ft^afarAbtai mb absetbed wra into tbrte caia trpps and a nasber 
of rob^tTpes. 

PaAo^Kily — Forras ertrtoga mi ksraohtK, l»iscoCTto}ytic, dan xxocseg; and letliil 
pro pe t ltes £?r ibe rabbit. Soin^ sinras also fEfts as eaterotosa aetzsg ca man. 
Stapl arrt%i is fcequfSiUT w pmpgb V fcff »s pp cratiT» lesifcs in ti* htasan bedj, 
ri^ as boQi and atM»Bes, acute ostetBartbus. lafertrre endoanttis. pvreM. 
ete. Eap e niu eotillr. it ts patbccesdc fat rabb ts, less *> fer tac* mod ^tunea 
pigs. 0-l*0-5 cJ. cf a 24-boizn* b'Otb cnltara m}*cted i&tnmosslj zsto a rabbit 
B gnienllT fital is 24 to 4S bows; po< raeftea. bfisaortbar^ oa tb» terns 
meabraora. tie coco can be mw ee nd bva tie blood rG%aa, A caiOrr 
dcee BST not fsore fital fa 1 to 6 nebs; past Bcetcei. oslbp}* alseesses 
aie Inqneatlj ses. cspraaQp m the bdam, lee fteq-sentle tn the i&ToeardraB, 
loEgi, spleen, base bsoov. and costal eattilaga. 

Stapfayloeoceos sSms. — ReseaVes SiAjih evnms la naaj respects. For ehtef 

dife’eaces, «ee p 621 

Stapbxlococens crfretis. — ReseoWe S'ajA^ avmu la many respects. For cii-f 

diScieace*. ae* p C21. 
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MICJtOCOCCDS, SABCINA, RBODOCOCCOS AND LEVCONOSTOC 

In their monograph on the SyiUmattc RAatumshxps of the Coccacea, C E A 
Winslow and Anne E Winslow (1908) emphasize that the white and golden cocci 
belong to a senes of cocci, including the stKptococci which are essentiallf parasitic 
in nature and active in fermentative power, whereas the jellow and red iorma, 
including the satcinse, are generally eapiophytic in nature and possess a restricted 
fermentative power 

UicrococcQS 

DmHTnov — Jl/icrococeus 

Spherical or ovoid cells, non motile, arranged in pairs tetrads or groups, but 
not in grape like elusteia or chains Generally Gram positive Grow freely on 
ordinaty media. Sometimes produce a jellowub pigment Gelatin liquefaction 
la not constant, and is usually alow Fermentative activities weak. Usually 
non pathogenic to man or animals 

Type epeciea is Micwotevt fufetis Cohn. 

The term Mverococeua was first used in a generic sense by Cohn (1875), who 
applied it to small spherical or oval non motile organisms which occurred in 
chams or groups This, it will bo observed, was a comprehensive description 
It was not long in fact before certau members, such as the streptococci and the 
staphylococci, were removed from it, and awarded generic names of their own 
The term Micrococcua, as now used, is defined above 

As with most saprophytic organisms, th« micrococci have not been studied so 
fully as the pathogenic cocci — the streptococci and the staphylococci It must 
therefore be made clear that, in the foUowuig account, we record the characters 
of certain micrococci which have been from time to tune described by difierent 
workers, without committmg ourselves to any judgment as to their claima to be 
accorded specific tank In general, we have been guided in our selection by 
Hucker (1924^, 1923), who uses pigment production, gelatin liquefaction nitrate 
reduction, and ability to use ammomum salts as the sole source of nitrogen as bis 
mam differential criteria To his reports we would refer the reader who requues 
more detailed information 

(1) Hlerocoeens loiens (Schroeter) Cohn. — Isolated by Schroeter (167S) from a potato 
on whicb a yellow growth was foond , is a non motile. Gram positive coccus 1 -0 1 2 /< 
in diameter, oceumng m pain, tetrads or small groups. It grows well on ordinary media 
giving a smooth, lemon yellow layer Gelatin u not bqaeSed though on this point various 
workers disagree Nitrates are not reduced The optimum temperature of growth is 
2o* C Its fermentative powers are weak, amd being formed m glucose not in lactose 
It 13 commonly found m air, water, milk and tnilk products The pigment is insoluble in 
water 

(2) WeToeoeettxvaT}aDa(Dyar)iIiga]a(1900)ia»milirtoJI fu/ejw, bntis differentiated 
Irom it by its ability to reduce mtraies 

(3) Micrococcus conglomeratuj Flugge(Migala 1900) Forms Urge clumpa of organisms, 
often in pairs GencraUy Gram positive ijquefiea gelatin and reduces nitrates Forms 
an abundant light yellow growth on agar Can otilize ammonium salts as the sole source 
of mtrogen 

(4) Micrococcus llavus —Isolated by Prove (18S4-.87) from human imne About 0 8 /i 
m diameter, occurring singly, an paus or short chains On gelatin gives colomes 6 mm 
m diameter by the 3rd day Liquefies gdatm about the 12th day I>oea not reduce 
nitrates. Forms a considerable amount of dimy matter Is said to ferment certain 
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carbohydrates Grows between 6“C and 36° C optinnim temperature 22’ C Is 
distinguished by the fact that it forms a yellow p gment only when it is exposed to light 
sunlight or diffused daylight when fapt in the darl the growth is colourless 

(5) HJeroeoeens eoronatns Tlugge. — Desenbed by Flugge (1S0&) A coccus 1 ;i in 
diameter occurring in groups or short chains, Gism posit ve. On gelatin plates in two 
days it forms whitish points around these there appears a fresh growth which later 
bewmes separated from the colony by a clear nng of liquefaet on. The central part 
assumes a dark brown the peripheral a yellowish brown colour It is the halo arotmd 
the colony which gives the organism its name. JFound in air 

(6) Micrococcus cascolytiens Evans (1916) This organism is wnular m many respects 
to Jf coronotiM It occurs in large clnmps is generally Gram positive and is found in 
mil\ TTiiU products and in the udder ot cow It produces a luiunanl white growth 
on agar slants It liquefies gelatin and reduces nitrates It piodnees an acid curd in 
mill, and peptomxes it rap dly It generally ntilixes ammomnm salts as the sole sottree 
of nitrc^en and nsosUy produces ac d in glncose and lactose. 

(7) MJerocoecnj ridlatss Flugge. — De 
Ecnbed by FlngEe(lS9Cl Small coccus, less 
than 1 /< in diameter occurring in small 
groups, or sometimes short chains. On 
gelatin plates the colonies after 2 days are 
about 1 mm in diameter whilwh m colour 
with a slightly irregular edge. I>unog the 
next two days outgrowths occur radiating 
from the centre la an orderly manner so 
that the cobny assumes an appearance not 
unlike that of a starfi-b meanwhOe Lque* 
fact on sets id and tbs centra sinks gently 
into the medium. The ends of tbs out 
growths are joined together by a nng of 
growth, from which after another two days 
fresh radiations may arise and from these 
yet a thud set. IVhen fully grown, the 
colony has a dumeter of l-O-l 5 cm. In a 
geJalia stab the colonies down the stab 
send out honzontal shoots ginngtbe growth 
a feathery appearance on the soH^ there is a slow hquefaction of infundibnhform 
type 

(S) MicrococcDS urea Cohn (I8“o) is a spherical organism occurring singly m pairs, 
or m abort c ha i ns Diameter 0 8-10 ft Gram positive though often weakly so On 
agar It forms whitish, low convex, opaque colonies. Gelatin is not I quelled as a rule 
hitrates not reduced. Can utilize urea and ammonium salts as sole source of nitrogen 
Found in stale nime 

(9) Micrococcus frtudenrelehll is closdyrdated to Jf ume It is a facultative parasite 

Cells occur singly or m clumpa. Gener^y Gram positive. Liquefies gelatin, but does 
not reduce nitrates Does not usually produce suffic eat ac d to curdle Han utilize 

smmomum salts but not urea, as the sol© source of nitrogen Is one of the commonest 
non p gment producing micrococci in milfc »nd dauy utensils 

(10) Mlcrocoecus tetragenus Gaffky— Firat described by GaSky in 18S3 It was 
isolated by Koch from lung cant es in pat cuts with pulmonary tnbercuJos a Gram, 
pos tive spherical oigamsm, dividuig m two planes at nght armies to each other so that 
tetrad forms are produced. In the human and animal body a capsule is formed. Grows 
freely on ordinary media Optimum temperature for growth is 37’ C. The growth on 
agar is of a glutinous consistency often adhezeut to the medium, and difficult to emulsify 


Fio 12S — 3/ trofoetiu t irajtnui 
From an agsr culture “i hours 3 ’C 
<x 1000) 
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Colonies oro whitish in colour Zone of lyais around oolomes on blood agnr In broth 
a thick, glutmoas deposit b formed, the snpematant fluid being comparative!? 

clear Gelatin la not LqneCed \itrat« ate not reduced Acid is said to be produced in 
glucose, maltose, lactose, and sucrose ITie orgsRism la occagjonaUy pafhogemo to man 
and may even give nse to aepticanma One of ita most notable characteristics, differ, 
entiating it from other mjcrococei, « its high pathogenicity for the mouse Subcu. 
taneous or mtrapentoneal inoculation leads to the production of a septiaemia, which 
proves fatal, according to circumstances, IQ 1 toSdajs At post mortem there may be 
small abscesses in the epieen The cocci ate found in large numbers in the blood and 
tissues Guinea pigs are susceptible, though leas so than mice JToa-capsulatcd arlrolent 
and other variants have been deaenbed by Wreachner (1921) and Reimann (1936) 

{11) ilJcrocoeeas bueeahs is a small, non motile. Grata positive coccus about 03 // m 
diameter, isolated by Ozaki (1915) from the mouth. It is peculiar m being an obbgato 
anaerobe In slab glucose agar it gives a £lifona growth with gas formation. There 
IS turbidity in dextrose broth and a greyish sediment It ferments glucose maltose 
lactose.andsucrose, but not mannitol,inth the production of acid and gas. There u no 
liquefaction of gelatm , BjS positive , indole negative Its optimum temperature is 
37® C. , there la no growth under 20® C It is non pathogenic to laboratoiy animals. 
This cocena differs in aeveral important points — notably its active fermentative powers 
and Its anaerobic nature — from most other micrococci, but as no special group is available 
for it as yet, wo choose to place it here 

Other anaerobic lucrococci have been described at vanous tunes, notably the J/icro> 
eoeeui (in^italis Ozaki (1912), the J/icrocoenis ntnimiu Gioelli (1007) and the 
gas producing organism JfieroccKcvs aerepnes SchottmuUer (1912) (For the lost three 
references see Ozaki 1915) 


S&tCina 

DBmaTio> — Sarcina 

Same definition as 3/itroeoeeus, except that ceU divuion occurs, under favour 
able conditions m three planes, so that cubical packets are formed 
The typo species is Fareinu tenlrictifi Goodsir 

The first description of the saicto^ was by Goodsir (1842), who found an 
organism arranged in cubical packets m the stomach of a patient suffering from 
gastnc disease , to this he gave the name Sdrcrna tenfrieufi Schrueter (1875) 
was the next to describe a sarcina — the ^tretiui auraiUtaca — and since then 
several others have been isolated, some from suppurative processes but the 
majority from non pathological sooices, locludmg soil (see Smit 1933} 

The following is a description of certain of the sarcin® that have been de®cribed 
as separate species 

Sarcina veatrleall, Goodsir — ^Tlua, the first sarcina deecnbed, was not cultured till 
long after Goodsir (1842) had noticed it Hucrcwoopically in the stomach contenfa 
JforphofojT/ — Spherical coccus, 0 8-1 0 /i m diameter, arranged in cubical packets and 
groups In liquid media it occurs la paixa, sroaU gronpe, and packets Non 
motile. Gram positive, but decolonzea easily Non acid fast 
Apor FltUe . — 18 hoars, 37® C Circular colonies, 1 mm m diameter, Comes, amorphous 
opaque, pale-yellow, with a smootb surface end entire edge rather viscous m con 
sistency, and easily emulsifiable. 

Agar Slope — 18 hours, 37® G Moderate, confluent, raised opaque creamv yellow growth 
with a smooth or contoured surface and an undulate edge. 

GetaUn Slab — 5Ioderate filifonn growth, no liquefaction. 

Broth — 48 hours, 37® C Moderate uniform turbidity with a viscous deposit, disinte- 
gratmg on shaking No surface growth. 
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MtSyboiic and Biodtenical Adivitits. — lawrol^ Op’Jaaa t«a- 
peratnre far grortli £3-30’ C. Pjjjnmt fonswi isost readilj »t £3* CL No fcasa®« 
Jjsm fonaed. Fennents no HL aiKhapggd. JLB.— . VJ*. — , M,B„ 

tednction — . 

Pa&ojtnk&y. — ^Xoa-paUiog«jic. 

SireinA Ictu Schroct«'. — IHs or^uusm, wLkh described br SciroetM- (IS7o) 
u tbe Barieridwm avmtiiacam, is a GnB-positlrs sa^maSr giving ft cllr(Ka^■reIk>v 
gtoftlh. on collcre medift. Oa ftgu ooknisft ftre raised. TvOoir. cosrs^jr grasalsr, 
with SB entire znu^n ssd ft rooist ^isteoicg sarfsee^ Ob potsto thrj ftn drr, dsS ssd 
grftntilsx. In htoUi there is an ftbcndant jelkjw aeditaest with ao tarl^tjr. The opti- 
mniB tefflperatare of growth is 25® C It is fonnd in ftir, eoi] aad water. 

Sftitinft wraatiftta — Described by (1S36}. Gram-pcstira spheres 

derelojang in pschets. Oa gelstia {dates foms sJowty-growing orftnse-jeBow coJosSes 
gradtaJly bquefjing gOslin. Oa ftpsi slope, pres ft iHch reddlsh-J^low growih CCb- 
posed of smcie eolcnies ; tnw.iUrf y on potsto. In broth grrea ft tialddity with ftl-csdast 
sediratat. Grows best »t tooei tee ap c jam e. Foasd ia ftir »nd wftlet. 

Sutiaft nieaE«joinck{1901i b* sphmcftl<nrsnisai.0-7-12 fx in cEsseler, ©wsuiing 
asgiy, IB {airs, and is jackets. Said to I« cotBe by jancriehste ftsgOla and to fora 
epor«. Gram-pofiitire. Besists heating to 100® C. for 5 tninntes. CeJstia sot liquefied. 
Foosd in stale crise (see Gibsos 1933). 

Ssreina eoajaanirs T'crderarse. — Isolated by Terdenme (19!J) fios t^ ccajsso- 
ttral sac of ft pri nfnifig from ftcnle eoajsartintia. Xssied tin Sercina ccm, 
^'saeAra rtA^ Is stated to be ■Gran-oegatire. Oa arar afttf £4 hosn the cxstor.iw 
are {nshesd u sue, rosad, bighf-yeSow, ojaqoe, with as esUre edgv. and cf bstyroBS 
coBSistesey ; after 43 ho ur s they are 4 pta. in diaseter and kB09*yd}ow is cobitt^ Os 
as ftgaz slope there u ft thKk emmy layer of growth after 5 days. grawth, hot 

more abtmdast os asatM Ia gdatis sUb there b ft ssrlaee growth of £-3 ssu 

in diameter after 24 hours, and ft fihfora growth of £se, Lght, grrpbh.yellow, opaque 
eoloiuee: oo hquefaetioa Os potato as abcadaot, erramy, kswo-T^ow groi^ of 
rather dry appearance. In broth after 24 boors there b a roy light icibitEty, with • 
snspessioB la the liqoid of fine fiocccli which are easily hroLes op oa ihaHng, and • doody 
Tuwwts depoat of li^t ytlkrw colocr. Oplinntn teaperahne 3T* CL, bet grow^ weQ 
at 14-lS* C. Fftcohatire anaerobe. Forms acid in ghisose, IxTokil'e, tsftboee^ laewse, 
snaoseand inTihn,Dottainaciut<Jorgalact09E. H(Spcer,n-e. Indnfen^tire. fvttiatei 
not tedneed. Xos-pathogesic to mice er gsiiKa-Fcgs. 

XanerOBS other sareiss hare been descri b ed, nsh as Serctita eikta Moige is 16^ 
and an cs named Gram-negstire ^am'ao bolsted by Xsgaaa fma the pss <4 

an orartan absce^ Ocskor (133>^) draws attentioo to a saroisa fossd is the ssaaih and 
throat which, though soa-tnotOe itadfi pres rise to motile coco, each jeorided with a 
fisgeUnm. The cocci themsdrae are not rejwodociiile. For rrmarkaUe ceganisE: 
the name Sareana rtiraiiJi* b etu^esled. 

Si^aeocesf 

Dsnsmos. — Bhcdococras. 

Sj^KSica] « orrad cells o oe ig Lui g in groaps « i^nlar packets- Vsnally Gra=- 
posrtJTe, bnt are easly dea^onred. Growth 03 agar absndast with focmstisi cf 
red {Kgmeot. Weak fmneBtfttjre po we ra . G^tin rarely hqn^ed. XiJrates 
geierally reduced. Sipeophytes. 

TVpe species is fiedorasrar rlojrc&ross Zojd. The t«sa illcdo«xeas was first 
introduced by Zojd ia 1S91 (see Bschanan 1933). 

Khedoeceens rhoioetrocs Zopf. — Fonndtawate. Spheiicalcsgaaisni.abiyalO-S-l'O#! 
ia diameter, occurring singly, in paira aad in small groups. Giaa-pwitrre. Grres a 
eonflaeat. raised growth of a carmine tne ca agar. Thkk. R««-red pelScie in broth. 
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tnth a red flocculent sodunent {B^gey 19-’3) L.ai. sightly alkaline Carmine-red 
streak on potato Does not liquefy gelatin but generally reduces nitrates Aerobic 
Optimum temperature 25“ C >«on pathc^jemc 

Riodococcus elnnaftareus Ftugge —Described by Flugge as a large spherical Gram 
positive coccus occurring in twos threes and fonn grows very slowly On gelatin 
after 4 days the colonies are 0 5-1-0 mm. in diameter at first they are bnck red later 
cinnabat-red m colour In gclatm stab smatl white colonies are formed down the stab 
in 4 to 6 da^ on the surface there is a large red knob of growth no bquefaction On 
potato the growth la even slower Optimum temperature 2;>“ C Does not reduce mtratea 
and cannot utilize ammomum salts aa the sole source of nitrogen Found in air and water 
Bhoflococeus roseof ulvus Flti^e — iTescnbed by Babes as the cause of red sweat (see 
Flugge 1896) The cocci are oval in shape 1 ft long by 0 6-0 8 ft broad, and are bound 
by gelatmous material into a reddish zoogloeal moas In the body they surround the hairs 
particularly of the axilla, and impart a red coloration to the sweat Gram positive 
Grows on egg white at 37“ C forming a red pigment Does not liquefy gelatin Generally 
curdles milk and causes slight peptonization Produces acid in glycerol and manmtoL 
Bhodoeoceos agilis AL-Gohen— Isotated by AliCbhea (1889) from drinking water 
and named MxtrocoetMa agha Peculiar m being motile possesamg one or two fiagella 
Occurs mostly m pairs sometimes in short chains or in tetrads &sm pos tive 1 p in 
diameter Grows m all media at room temperature /ormmg a rose-coloured p gment 
Liquefies gelatin slowly Optimum temperature 25* C Found in water 

L«QCODOStOC 

Dsmrrrov — Letaowitoe 

Spherical or ovo d cells arranged la pairs and chains the cocci are surrounded 
by a gelatinous envelope which wutes them into zoogloeal masses Dsually Oran 
positive but decolorize easily Saprophytes usually growing in caue sugar solu 
tions 

Typo spec es is LtuconosUK nusentenoides van Tieghem 

The first organism of tbs group was described by Cienkowsla in 1876 as the 
Aacocoeoit mesenImoMfej Tbs name was amended by van 'Heghem in 1878 
to Leuconosloc mesenlenaides (see FJfi^e 1896) According to Huckei and Pederson 
(1930) to whom reference should be made for more detailed information organisms 
of the genus Leiiconostoe are found in slimy sugar solutions m fermenting vegetables 
and m milk and milk products morphologically they are intermediate between 
the streptococci and the lactobaciUi. They all produce about 45 per cent lasvo- 
lactic acid from glucose 20 per cent CO, and 2 d per cent volatile products meind 
mg acetic acid and ethyl alcohol They form manmtol from fructose and sucrose 
and a lerolan or dextran from sucrose 

Leueonostoc mesenterloldes (Cteukowski) van Tieghem — A ephencal coccus 0 9 1-2^ 
in diameter ocenmug in pairs and in chama. Usually Gram positive The chains are 
surrounded by a thick tough gelatinous coating which is stated by von Scheibier to 
consist of dextrm the aggregation of several chains within their envelopes gives nse 
to large compact gelatinous zoogloeal masses. Develops on the surface of parsmp-root 
aud beetroot solstmos is the form of thick cakes of cartilaginous consistescy (Flugge 
1896) It likewise thrives on grape-sugar and cane-sugar solutions provided nitrate 
and phosphate are added. Cultivated m peptone water or in gelatm to which lactose 
or maltose has been added it is morphologically nmiUr to a streptococcus no gelatmous 
envelope being formed but if glucose or cane sugar is incorporated m the gelatin then 
the characteristic zoogloeal masses appear On either of these media there appears is 
10 to 14 days a thick whitish mass of confluent colonies having a glassy surface looking 
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rather like a layer of cr^tals. Ihinsg the first ireek the growth is diy and of cartilagiaoQs 
consistency, but later it becomes softer and moister, and assumes so almost pnlp-hke 
consistency Ferments glucose, maltose, lactose, sucrose, mannitol and either arabmose 
or xylose, with the formation of acid and gsa Facultative anaerobe. Optimum tempera- 
ture 25° C Is found in fermenting v^taUe matenal and in sugar solutions 

nucVer and Federson (\d30) reci^&iia two other species Leuconostoc dextrtiniciu 
ferments sucrose, but not pentoses, produces a inoderats amount of slune from sucrose, 
and may be associated with either regetabte or dairy products 

Levconostoe cUrovorus does not ferment sacioaa or pentoses, produces no slime fiom 
sucrose, and is generally associated with milk or milk products 
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CHAPTER 26 

CHROMOBACTERIUM AND ACHROJIOBACTERIUM 
CBRQMOBACTBmUM 

DErnaTioH -^hromo^iacUTxum 

Small, non spoiing, aerobic toda, usually motile and usually Gram negative 
producing a yellow, red, or violet pigment, which is generally msotuble m water 
Saprophytic , comotooly ioaad to water or soil 
Bpeeies. ChTotMbadertvm noJaunm 

Numerotis otgamsma of this group have been isolated at various times from 
water, soil, sewage, and occasiooattj from contaouaated food stuffs Ckr violacevrn 
was descnbed bj Bergoozoai la 1881 (see Report 1920) CAr prodifftcturn was first 
observed by Smo m 1823 (see Breed aod Breed 192i)> who foood jt Js “ bleedisg 
polenta” Chr aqwUU was isolated from water by Frankland and FraakUnd 
u 1889 

The classification of these o^amsms piesenta considerable difficulties The 
American Committee of Bacteriologists has created a genus, which they call Erythro- 
haciRus, for the mclosion of those bacilli which produce a red or pink pigment 
The genus Chnmobocienum they reserve for those bacilli which produce a violet 
pigment As these d^auisms have received relatively little attention from bacteno 
logists, and as in consequence tbeir properties bare bees incompletely studied, it 
would seem advisable for the moment to group all the aerobic non aponng pigment 
formmg rods into the single genus Chromohadenum With regard to the naming 
of the mdividoal species within the genus, there is considerable confusion One 
and the same organism has frequently been descnbed under two names, and specific 
names have been given to organisms which appear to be merely varieties of 
existing species We shall therefore describe m some detail those organisms which 
undoubtedly deserve specific rank, and shall refer bnefiy to others whose claim to 
this distinction is more doubtful 

BTorpIioIogy. — The organismaof this gronpare small rods, varyiaginlength from 
about 1 0 to 3 0 |U, and in breadth &om about 0 5 to 0 7 ^ CAr prodxgiosum may 
be regarded as an exception, since it is usually described as a small cocco-baciUus 
It 13 necessary to point out, however, that the sue of this organism is subject to 
considerable variation, and that even on the same type of medium a single strain 
may at one tune give nse to cocco baciUi, and at another to rod forms mdistmguuh* 
able from those formed by other members of CAromohocfmum (Fig 129) Motility 
IS a frequent eharactenstic, and is dependeot on the possession of pentnchatc 
or sometimes polar flagella Most mrrabeis of this group are Gram negative 

Cultural Reactions. — Growth occurs readily on the ordinary media , a parti- 
cularly heavy growth is generally observed in broth 
631 
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Fto 1''0 — Ciromobaet'f mm j>roil>yto»iim 
From »n »gM tullott- fconts 3”®C (X IPOO) 

Ltfl — ^ n n showing corco bsrillsry forms 

It ghi — >Saine strain from n difFmnt ctifinm showing definite rod. 

The coloaies on agar are nsaallf bomogeneons lor the Hrst day or ttro and 
then become diderectiated into a convex pigmented and 
I relatively opaqoe centre and an eSosc colonrles* almost 

1 tcaa«pareat penphery tnth an irtegnlatly crenated edge 

I This difiercntiatiOD results trom the secondary outgrowth 

aronnd the ongioal colony of a him which may be so this as 
to escape observation mile's a carelnl «earrb is made for it 
Is agar stroke cultures there is a rat'«d condnest 
pigmented growth with a <mooth or beaten copper sur 
face and an undulate or lobate edge 

I In gelatin atab cniton: there is a moderate filiform 

^ growth extending to the bottom of the tube usually 

1 succeeded by Lquelaction which may occur rapidly or 

“lowly In general the liquid is turbid and granular and 

f ’ 4 m the upper centimetre or «o is pigmented below this 

I I I out of contact with the air the groTrth is colourless A 

[ J .» surface peUicIe or nng growth strongly pigmented and a 

I 1 # shghtly pigmented deposit at the bottom o! the bquefied 

J gebtin are not uncommon 

In Inoth there is a dense turbidity generally with a 
p gmented nng growth or surface pelLcle and a slightly 
pigmented deposit which frequently becomes viscous and 
is difficult todismtegrate on shaking The broth itself often 
remains colonrbss ^ulbphcation of the bacilli seems to 
occur chiefly near the surface a membrane forms in con 
Fio 130 — Cfi omobae tact With the ait einks to the bottom and is replaced 
tor n pr^iyosHm ^ fresh membrane This accounts for the heavy 

deposit that is generally present after a week. 

Blood aeinm is frequently liquefied 

Resistance — The organisms of this fio® sponng and show no pat 
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ticnlar reaistance to heat or diamfectaats They appear to be lolled by a temper 
atnre of 55® C jh 1 hour 

Metabolism and Biochemical Chaiaciets — All the members ate markedly 
aerobic, growing best m the presence of an ample supply of oxygen Growth under 
anaerobic conditions is poor, and is not accompanied by pigment formation 

Proteins are broken down readily as a nile , gelatin casein and often blood 
serum ate digested Carbohydrates are attacked freely by some sparingly by 
others, generally with the production of acid only 

Growth can be obtained on synthetic media deroid of protein The optimum 
temperature of growth is between 25® and 37® C , but some strams wiU grow as low 
as 0® C 

All form catalase and reduce methylene blue Indole is rarely produced the 
If R and V P reactions are generally negative Nitrates are often reduced to 
nitntes , and ammonia is generally formed from peptone Formation of H,S is 
slight or absent 

Pigment is produced only in the presence of oxygen, and at a suitable tem 
perature The optimum temperature for pigment formation does not necessarily 
correspond with that for growth Thus many orgamsms grow best at 30-37" 0 , 
but form bttle or no pigment, whereas at a lower temperature growth is poorer 
but pigment formation is abundant Pigment is developed best on the surface 
of solid media , in broth aud m the depths of stab cultures there is little oi 
none formed Potato is a medium that may be specially recommended for the 
study of pigment production As a rule pigment u formed most abundantly on 
primary isolation , after subculture in the laboratory for some time, the power 
to form it may diminish sanously, or be altogether lost Not all bacilli m a given 
cnltnre produce the same amount of pigment , some colonies are deeply coloured 
others are family or partly coloured while still others are completely colourless 

Sullivan (1905 6} states that the formation of pigment is dependent on the 
reaction of the medium, the temperature, the free access of oxygen and the presence 
of certam salts In synthetic media, asparagin, succinic lactic and citric acids, 
when combined with an ammomum base allow of growth and pigment formation 
Malic, tartanc, and oxalic acids combmed with ammonia, allow of growth but 
not of pigment production Acetic, unc, and fonnic acids, combmed with ammoma, 
ate unfavourable for both growth and pigment production (This refers to solutions 
of 0 4 per cent or under ) The salts favouring the production of pigment serve 
either to provide nutrient material or to fix the acid produced, or to aSord matenal 
for essential syntheses 

Pathogenicity — The organisms of this group are essentially saprophytic A 
few doubtlul cases ol suppuration in man have been described (see Schutz andLaun 
1933), but generally speaking these oiganisms do not give rise to natural disease in 
man or m animals On expenmental inoculation into laboratory ammals they prove 
harmless except in very large dosra 

Vanahon — It is convenient to mentjon here that the characters of a smgle 
strain ate liable to considerable vanation Its cultural appearances are by no 
means uniform , colomes may vary in theu size, shape, opacity, surface, and 
^consistency • 

In their ability to produce pigment there is likewise great variation From 
7 difierent strams of Chr prodtgwsum and Chr heUnse, Eisenberg (1914) isolated 
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no fewer than 22 vananta differing in colonr from dark red to red, orange-red, 
pink, pale-pink, pinkish white, and colooriess , most c! these remained stable on 
anbcnltnre From C^r nohctum 5 Tan&nta were obtained. Eisenbei^ found 
that Tenants appeared most readily in ageing cnltnres, and more rapidly in fimd 
than m solid media 

Gronp Prodacmg a Violet Figment — Chr vuHaceum, the chief member of the 
group is a common inhabitant of water The violet pigment is solublela alcohol, 
but in'oluble m water, chloroform or benzol For its formation in synthetic 
media both magnesiom sulphate and a phosphate are required On subculture 
the organism frequently loses its pigment forming power We append a detailed 
de«cnption of this organism, together with bnef accounts of some of the other 
violet pigment producing members 


Chrosob&ctennm Vmlaceuis 

Synonym — B t^olae^1u 

Itolation De««ibed bv Bergoorocu m ISSl (ree Text). 

BabitaL — Water 

Morphe/offy —Rods 1 5-3-0 /i X 0 6 /i , axis stmi^t sides panllel, ends ronsded , 
arranged singlv Motile bj- pentnchate flagella. \on-«ponBg, non-capsuiited. 
Gram negative non-scid fast May show bipolar rtauung 

Jiyar Fhite.— S days al 37^ C Bound cronies mm. m diameter, low convex violet 
coloured tnnalQcent with a amooth glutemng 
suiface and an eitire edge , butymu coas)«teney 
and casiJv emnlsiiable , stmeture appears flocen 
be. After 5 dars colomes are larger I 2 mm. m 
diameter hara a flnelv lobate edge, and are 
differentiated into a *&ark convex centre, and a 
paler flattened, radiate periphery 
Jjar fffope.— 2 days 25* C Modmte growth, raised, 
violet, opaque witb glistening amooth or beaten- 
copper enrbee and an undubte edge. Medium 
unebanged. 

Gflaltn Slab — 5 days 20* C Moderate, filiform growth 
to bottom of stab , violet surface growth , slow 
infnndibulifonn or saccate bqnefaction , Lquefied 
portion IS granular and violet. 

Brvth . — 2 Jays 25® C Abundant growth, with dense 
colourless turbidity , a violet nng growth, and a moderate nscous deposit 
disintegrating on shaloDg Mswtush odour 

Blood Serum — 9 days 25® C Moderate confluent growth colourless, with an uneven 
suiiace. Digestion is very ^w, or mav ba absent 

Polalo . — 6 days at 25® C Abundant, raised, confluent, creamv growth of violet colour, 
with smooth or contoured glistenii^ sotfaca. 

Peststanee . — Killed by 55® Cl in 1 hour 

lletabolism . — Aerobic sbght colourleas growth anaerobicallv Opt. temp. 25® C. I^g 
ment formation best at 25-30® C. Pigment soluble m alcohol, insoluble u 
chloroform or water 

A a/nlionaf.— Grows well on ordinary media. In svntbetie media, pigment is formed 
only m the presence of and a pbosphate^ 

Btocftemicnl. — Sometimes acid in glucose and maltose Indole — or abght-i- 
M.R. — VP — Nitrate rednetnm-f- Chtalase-j- M.B. redae * 

tion-k shght-b L.M. 6 days 25*0. alkaline violet ring growth, later 

may be coagnbted, and slowly peptonized. 


yar Fbte.— S days al 37* C 

0 

Fiq 131 — Ckromobaefenvm 
ndaenm 

Surface colonv on acar 45 
hours "2° C. fx 81 



anoap formi^o a pivk or red piohent eso 

Pat^enuily — Non pathogenic to man and imitnaU. 

Chr Jantbinum> foond in water and soO , usaid to be motile by one or two polar flagella. 
Colonies on agar are at first milky white but later become violet Liquefaction of gelatin 
ia alow On broth it forms a violet amtace pelbcla Optimum temperature 30® C 
It IS doubtful whether this organism la a distmct apeciea 

Chr amethystinm is a non motile baciQna found m water On agar the growth is 
first non pigmented, later it assumca a dark violet colonc with a wrinkled surface of metaUic 
lustre. Gelatm is liquefied , a violet surface pdbcle form* on the hqmd In broth a 
surface pellicle appears the flmd itself m coton^ brown- Optimum temperature 30® C 
Chr ccenilenm is said to be motile by polar flagella Colonies are spreadmg and of 
a bluish grey colour Slow liquefaction erf gelatin. Greyish surface pellicle on broth 
LLlk IS rendered sky blue at the surface and is digested with an alkaline reaction The 
pigment ta soluble in water and alcohed bat not la ether or chlorofonn Optimum tern 
perature 30® C 

Group Forming a Fink or Red Pigment — ^Tbe most important member of this 
group 13 Ckr prodigiosiim It tvas first demonstrated by Bartolomeo Bizio in 
1823 as a cause of “ bleeding polenta ” (Breed and Breed 1924) Infections of 
meat, fish, bread and other articles of food with this organism from time to time 
give n<e to alarm Klein (1894) describes an instance where the food m a large 
mercantile e®tabbshment in London became contaminated with it In spite of 
the fact that the residents consumed pink meat for some days, they suffeied 
from no apparent lU effects The pigment is soluble in absolute alcohol ether 
chloroform, benzol and carbon disulphide, but is insoluble m water An alcoholic 
solution when acted on by mineral acids is turned first carmine red then reddish 
violet Alkalies turn it brownish yellow, and chlonne water after turning it 
reddish brown then golden yellow, finally decolonres it In the spectrum blue 
and violet are completely absorbed and an absorption band is seen m the green 
Wiede (1930) gives its empirical formula as and says tbit onlj one 

of the nitrogen atoms will combine with acids The pigment is destroyed m a 
few days by sunlight It is very resistant to reduction but is fairly easily oxidized 
In synthetic media it is formed only in the presence of maguesmtn sulphate and a 
phosphate, preferably potassium phosphate (Kuntze 1900, and Sullivan 1905-06) 
Its formation is said to be uifubited by the presence of calcium salts (Bordet 1930) 
It is produced most readily at 22® C , and accordmg to Amako (1930) there is a 
close parallelism in cultures between the catalase content and the amount of pigment 
formed 

Hefferan (1904) whose detailed study is one of the most valuable on this 
group of bacteria proposed the following classification 
Pigment insoluble jn water 

Group I CAr ‘pradtgioavm Ckr tneftcum, CAr kielense etc Pigment 
red at first, later becomes darker — carmine or violet red. 

Group n CAr rubrwum Chr ruber, etc Develop more slowly Pig 
ment is orange red or yeDow red never becoming darker 

Group in CAr tni/cotdes roseum, etc Pigment is salmon pink coral 
pink, rose or flesh coloured 
J’lgment soluble in water 

Group IV CAr laclis erytkrogenet, Ckr rubefaaens etc Rose red pig 
ment 
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We append a detailed descnptKoi o! Ckr prc/ix^toram and Chr tndtcum For 

a de'cnption of other members of this groop, see Hefferan (1904) 

Chromobactemim proiigiwma 

Synonyma — Srmilia Tuoreescnw IhzH> ilierotxictiu jndigiOftia Cohn, 

Itolation — first descnbed by Biao in 1S23 (see Text). 

HahxluL — Water and air, found on bread, meat, oulk, potatoes and other food stuffs. 

JforpXoJoyy — Tmy rods often oral or cocco-baciQary , 0 7-1-0 X 0 7 , sides conrei, 
ends rounded, arranged singly and in groups , jnegolanty in shape frequent, there 
being generally some definitely bactUaiy forms present, Motile by 2-4 pentnehate 
flagella. JNon-Bponng, non-capsnlated. Cram negative, non-acid fast , bipolar 
staining not uncommon. 

Agar PlaU. — 2 day, 25“ C Round colonies, 1 2 nun. in diameter, low convex, smooth, 
glistening paint like surlaee, entire edge, amorphous structure , butvrous eon 
Bistency, easily emulsifiable^ Individual colonies vary from colourless to bnght red m 
colour, all are tramlncent. 5 days Colonies are larger, mm. in diameter, 
surface radially etna ted. edge finely labate , differ 
entiated into a low convex, red. opaque centre, 
and an effti«c transparent, coloorleas periphery 
Agar Slope — Abundant, raised, opaque scarlet growth, 
with amootb point like surface and lobate edge. 
Medium unchanged. 

<7efat>n Stab — Abundant, filiform growth to bottom of 
tube Liquefaction mfundiVulifona reaching to 
bottom of tube in 5 days at 20“ C. , Lquid is pink 
at upper part and turbid , red nag growth at 
coiface , pinh fioccular deposit , rest of growth 
oncolonred. 

Drcth — 3 days, 25* C Laxnnant pmfc growth, with 
dense turbidity, a red nng growth, and a moder- 
ate, reddish, powdery or finely granular deposit 
mostly dL^integraliog on ehahng After 5 days 
there is a red surface pellicle aud a heavy flocculo-grenular deposit. Mawkish 
odour, like tnmetbvlaimne. 

Blood Serum — 7 days, 25“ C Profuse growth , medium mostly liquefied , fluid u red 
and turbid. 

Potato — 6 days at 25“ C Abundant, thick, raised, confluent growth of dark maroon 
colour , surface papillate and sbghtly ghstemng Potato not coloured. 

MocConlcy Plate — 24 ^our* at 37* C Circular, low convex, opaque, amorphous, pink 
colomes, 1 mm in diameter, with smooth gbstening surface and entire edge. 

Reststanee . — Destroyed bv 53® C for 1 hour 

ifctohofic. — Aerobe, slight colonrlesa growth anaerobically Opt. temp. 25-30“ C 
Groww at 37“ C, but no pigment ptodoced. Pigment blood red, soluble in chloro- 
form not in water 

Avtnlxonal . — Grows well on ordinary media. In synthetic media pigment is formed 
only in the presence of MgSO, and a phosphate. 

Biochemicsl — Acid or acid and gas la ghico«e, maltose, maomtol, sucrcee and sahcin. 
occasionally m lactose. Indole— SLR.— VP-}- Vitrates redneed. XH* 
production-}- Catalase-f- SLB leductiou-}— }- Starch diastase — H,S-f 
L.M. clotted in 2 days, peptmmed m 5 days , fluid pinkish. 

PalJiagtntnly — hon pathogemo to man, and to ammals except in cnonnons doses. 
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Cbromobactenoa mdicom 
J$6tal\on — Koch from the etom&ch of an ape. 

MoTfhtHcgy — Slender, often curved, haciUus, 2-4 ft long bj 0 Q /< bro&d , motile by pcn- 
tnchate flagella Gram-negative. Kon acid fast. 

CuUurai Characters — Grow* readily on ordmaiy media. 

Agar plate — 2 days at 25® C OoloniM aro circular, 1 mm. m diameter, amor- 
photis, low convex, tranalucent, and pnk, with a smooth surface and entire edge, 
butyrous m comutency and easily emubifiable. After 6 days, there is usually a 
thin, transparent, colourlcea penpheral fringe with a finely lobate edge. 

Gelotm — 5 days 0120“ C Abundant growth , complete liquefaction of gelatin, 
upper j cm. of the Lquefied gelatin u densely turbid and bnght red m colour , 
pinkish deposit at bottom of tube. 

Mroth — 2 days, 25® C l/uxnnant growtb, noth dense turbidity, a pink eur/ace 
pellicle and nng growth, and an abundant, moderately granular, pink deposit, 
which diaintegnites partly on shakmg 

Potato — 6 dayr,25®C Moderate, shghtly raised, confluent growth ofcaf6 an 
lait colour, having a smooth or finely granular, contoured, moist, glistening surface 

LotfUtr's serum — 5 days 25* C Abundant, confluent, raised, pinkish growth, 
with a glistening contoured surface, alight digestion, increaaing with further 
tneubation. 

Biochemical Beaefions— Same as Chr prodigiosum 
Pttthogtnwty — ^ iL 

ChreDobaetedam klelente —This organism, which was isolated from water, resembles 
Chr prodtgtosum very closely, it is not clear, id fact, that it is a separate fpccies. It 
11 said Qiuioimly to produce both acid and gas in carbohydrate media but as msny 
strains of Chr prodtyioeum also produce gas, this distinction is on imperfect one 

Giotip Forming s Yellow or Orange Figment— CAr ajuattU, an organism 
isolated by the Frankiands <1669) from deep weUs in the Sent ebalk, is a typical 
example of this group The yellow pigment is insoluble m water but dissolves 
in alcohol, ether and chloroform In non albununous media it is developed slowly , 
but It appears rapidly in a peptone solution containing magnesium sulphate and 
dipotassjuia hydrogen phosphate 

We append a detailed description of CAr aquatiU and CAr (ypAi Jlavum, together 
wjtb bnef notes on a few o/ the other members of this group The identity of CAr 
a^uatile is not very certain, since the original description was incomplete The 
present description is founded on a study of the stram of CAr aguatile obtained from 
the National Collection of Type Cultures, London CAr typAi favum is the name 
we suggest for the organism commonly known as Bad lyphi Jlamm Though 
suspect^ by certam German workers of being a pigmented variant of the true 
typhoid bacillus, the evidence, which has been critically reviewed by Cnuckshank 
(1935), IS quite insufficient to establish any each relationship 

Chromobaeteriom aquatile 

Synonym. — BaedJas agvahJu Franklsnd. 

Habitat — Water 

ilorpholoyy — Slender rod-shaped orgaiu«m, 25/iXOQp, axis straight, wdea parallel, 
ends rounded, arranged m bundles, length Irregular Jlotilo by pentnehaU 
flagella. Non »ponng , non-capeulated. Onm negative , non-acid last. 
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Afsr Plait. — 2 dayteiZH’ C. nra^»r<«» l— *> f^T~- ti ELx rrM/~r, 1-t^ 

yt^krrHb-jr^T coJott, »^Sii & djy. la rarrse Kriwse, »a esls» 

ediTft , oca5ns*«itT iLgilJr B»dr»»3t bt* f;=sls£!at>^ ft-rV tasj. Aiits S 
dirt, toloGT tberrs d:5« g tMOog eSo £3»iT grss.'slij', jtSgw^tb-tr ova . oasrcr 
cesrtre, »SEi & dear ahaaet tiaosjaCE:*, «5aEtf, *=ti sorsgtmw ssdjsie 
wiaeh b&d sa escee c- ttHots edpe. 

J^sr Sif«. — Aira4ail,eccS3«tf, cjaqa^, jtSirTal:, r»2s«3 ponTi, »7ii r3!<pli 
is^ ssf&ce and a cr TiSsiss cd;% 

BrxA . — 2 da^t d 25® C. fliAl tsraiEST; ‘wdh pyfisrr d^jsi. .Afier 5 dtji 
tiiC grovti u Ei!7^ aVssdasl ; a » tb^ psaalw aaS 

BcaetiCKs a ra&w peQsas atiS nag frmrtls; acdtat/^ asirb-iaca ds^sEl, 
dlETlepatsg laooBfi^Je^ ca 

G«&hB £i2U — 5 days «1 i33* G Good cwwiii. «i«gd.iag to cf frsi^ ; g^ta 

eitosrs eoasagicrg isfsaSIi'dfc^ b^adaciaca , ti* B*0!6«d gi^sto: lion s 
Coccclar tcdpitT, aad u eorcwi mi a graas^ar ptStJa. 

Pobsia . — C days et 25* C. Aimdaat, iliisH nas/d. pBy ui-t- vaa groni, 

nli a dry, daU, nrs-earl rsiuot. 

Swm. — iidaytci2^C. Go>^ coaf s*as. n-ied, yt2?widj-»i2* gmii, wii 
■miUsd reiaee. 14 daj». par-U d-geljoa. 

IfdaSoftBM. — £tT3'< a«*oi»; oo prcni cadir aa*^~olo' ecc£tKx& T«S7» ji^aeal 
Jonaed oa asar, Kisii* ta dli^, aad cl>~da32, 1’rt issc-id> n> nJas. 

Optisrra t«t=prt3te» J t prnrth 25-3Cl*C 

Bxie^^usT C^erarS^i.— iUad ts ^aeo**, edtoM^ nssuJ, aad f3snta& L3I. 
pej4ccaia1aot,a2i4i»rl«idw«.VtsatKOja3d»yL. Itd^— . U£.». 

Vhratcs ndowd to crtnte*. H,S-^. iLH r*'±act>^~^. ri^iS-r^ 

PaB^offa >aij — IQ 

Gly tTrb'SXT^S 

— Baientn fjr\tn <T>*» y| aad S^ill l®2*i. 

Ea‘J^ia^. — in paai. f<U£tB. Ba« f a issas fjKes asd eme. 

Jf<ir7>,iii5y-^n»4'T, <rji£H=, 1-S ft y 05-0-7 p- ax» KsawiX »is» 

paaD*-!, Bods roaa3«d , tfcylaafls fiiEtta up to 13-^ /« is berti ; ajrasjed 
ddy, la fast cd tcnsad cf is grt^TW ; ta tnA 
^ taf^Ls a-asut-IIi* a gS f Zt tar^* gAV w n . EniJj 

»ije3 jT-«s at £S’ CL, bst focdr o- xin at 
\ Jr ^ aJJai 57’G Jlsr*-I!a Npo-s- k f l -e. 

J J>cc}-c»?=d3*«l. G?a=a»^tr»; f>-»sasKcal i>- 

priu rtsauas. ^vrc-aoJ fwt. 

W Aj^ Plai * — 14 >,«rioJ37® C Egad y grgni ef ccVgag 

I-2o!3. a d.8rytCT. roaad. Itw oMm^asasr- 
fl>osa.«=oo-i.j!jieic::^cp*.jas,miesS:r-ei*, 
coosste^yy lw* »*'jos, eersisSaiSSr exir Oda* 
CT ro5ty yeEyr pja ^s i, set dsfss:^ islo ti* 
~ p^Tssa. 

Ifj^.i-/ancn esaatod fc^qysUr t=to s e^tsal jihUas, cf-ias 

Serial gmti oo ,ariT jisS'-, nii a ^sz^ss Fzrfact, aoi a gT>m *A b-T?Ss3 

tienss iv^ppfs litf«7 0far p^t-r.- edr- irzstois ersatoi 

aose gassea dt a g gr- a aoss * / ^ . i 

ofUieUrtgia. I=tbt<estsBC^lir<r^c«s*gr-.^ttdi=i^ 

res boir is d«astr nsll- nli taSa-tez eatgasyaa cf a gtasLar rats?*, ts 

J4bo«v5T‘C. ta aiM-g dwdas miadair-gil 

L- etr^ nih ti* t— a ly tssssssitod 3i« 

ETssslar g toi ^’ fatfB s art a3gr"g»tar« ccgszissis, kaom to tl^ G*rt=»a n efars 
aa BaHoTta^erisadf* ar^osy&gw^ (Rz. 133). Xb» hraoSTBr bo2» t*prt*Et 
^msToatis of tis ocSonr erto ^ ■. “i*t?'i , ;-- . 


Fig 153 — CinwBo^s'imitn 

iy-ift^^snen 

Sefa^ gmti oo ,»riT jisS'-, 
sitTwr:? ti!»p>«Ii»*7rtar 
aose gassed br a g gr- g s lio as 
<rf lie tsrlgna. Oa-ty^gEi- 
rei i/oir is gleastr nsll* 
•4 bo«N 5r‘ C. 
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Agar Sl<ype — 24 hours at 37* C Abundant, conduent, Bmooth, glistening, yellow, opaque 
growth, with entire or shghtly undulate edge 
6 per cent Qlycenne Agar Slope — Growth similar to that on agar elope but Tery mucoid 
in character 

Agar Shake — ^Yellow surface growth with a few small colonies throughout the medium 
Agar Pour Plats — Deep colonies are bteonTer, sometmies with lateral inobs or projections 
Broth — 24 hours at 37* C Uniform tnrhidity with a powdery white or yellowish deposit 
easily dispersed on shakmg After 6 days, increased turbidity with a fine surface 
scum or nng 

Horse blood Agar Plate — Ko hsmolyms Colonies as on agar plate 
MacCcmJcey's Agar — 24 Aouri at 37* £7 Growth hardly perceptible 5 days — Irregularly 
round colourless colonies with a rongh surface and crenated edge 
Losffer's ,yer«»n Slope — 24 hours at 31*0 Good, eonduent, glistening yellow growth 
with smooth or slightly contoured surface suid undulate edge No liquefac 
tion 

Potato — 3 days at 37* C Abundant confluent, yellow, glistening mucoid growth 
Oelatin Stab — Yihform growth along line of inoculation After 6~10 days liquefaction 
begins and progresses till the medium is entirely liquefied in the next 10 15 days 
Liquefaction u mfundibuliform , a yellow surface pelhcle forms, and later sinks 
to the bottom 

Besistanee — Destroyed by 66* C to 10 mmotea 

Zlelabolisn — ^Aerobic Poor onpigmented growth anaerobically Grows freely at 
20-37* C , with optimum nearer to 37* C Pigment ochre or rusty yellow insoluble 
in water aud chloroform, partly aoluble in alcohol and ether 
Sioehmteal Jisactions —Acid u glncose, mannitol sucrose, sahcm rhamsose arabinose, 
xylose, maltose usually later Lactose,mositolsnddDlciU>liiotferme&ted Litmus 
milk neutral or transient acidity, becoming alksbne after 3-7 days , occasional soft 
clot Indole — M R -f- VP— Nitrate reduced Very slight E,8 pro* 
dnction at 22* C Catalase -|- 

Anligenic Structure —The organisms are antigeoicalty heterogeneous Both as regards 
flagellar and somatic antigens, sera prepared against any one strain will agglutinate 
the homologous strum and ususlly sereral other strains Thera is a tendency 
for the organisms to fall roughly into antigemcally similar groups, the H antigens 
bemg more cosmopolitan than the O 

Pathogenuity — It has suggested that the organism is a Tenant of iSnlm typht, 

of potential pathogenicity to man bat this bos not been substantiated Fathogemo 
to mice only on Injection of enormous dmes 

There are several organisms in water and in sod belonging to this group, amongst 
which may be mentioned 

Chr oebraceum — Motile by polar flagella Infundibnliform liquefaction la gelatin 
with a pale yellow, later ochre coloured, depoait On agar and potato a thin, ochre-ycilow 
streak. 

Chr luseum, — Non motile , Lqnefies gelatm slowly or not at all On agar and potato 
giTes a thick, wrinkled, chrome-yellow growth. 

Chr anrantlacnm — ^Motile by pentnebate flagella No liquefaction of gelatin On 
agar and potato forms a light orange growth 

Chf denitrUJeans — Desenbed by Bum and Stutaer (1895J who isoJafed it from horse 
fecea , called by them B denitrtfieatis J. Appears to be common in the soil Rods 
with rounded ends, I 5-2 6 /« K 0 76 >» ActiTcly motile Gram negative Grows freely 
on ordinary media, more quickly at 37*0 than at room temperature, and is aerobic 
Colomes on agar axe very thm and membranous, having a thicker centre, generally 
circular, but may have a lobate or irregular^ erose edge. In broth there is a dense 
turbidity m 24 hours, with a reddish white deposit diamtegrating on shaking , surface 
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ring growth Prodnces large amQnnt of gaa in nitrate broth, reducing the zutrate to 
free nitrogen. Non pathogenic This organiam la not to be confused with Pt denifnficatu 
(}p Chapter 21) 


AGBROMOBAGTERWJil 

DiroiTnO'f —Achromobaettnum 

Motde or non mottle, Gram negative rods, nsnallf small to medium in size, 
forming no pigment on agar, and vaiTuig in their fermentative abiLtp Optimum 
temperature for growth about 25* C , but often good growth at 37® C Saprophytic ; 
cmnmonly found m water, sod, and millt- 

Orgaimnia of tbia group ate widespread lo nature, but ba\-e bo fat received little 
systematic study The pubbe health bacteriologist meets them mainly in the 
analysis of water, milh, food, and soil, where they attract attention by their fre- 
quency on agar and gelatin plates incubated at 22* C or sometimes at 37® C 
They are mamly responsible for the formation of slime on stored meat (Haines 
1933) They are differentiated from the Chromobaclenvtn group mainly by their 
failure to form pigment Discosaion of their classidcatioD would at present serve 
no useful purpose, and all that we need do here is to give a brief account of their 
more common cbaracterisUcs 

MorphologtcaU;/ they are Gram negative, motile or non motile tods, often of 
the sue of cobform bacilb, but varying considerably u thickness , rather fat rods, 
and fat cocco bacUb are quite common 

The optimum temperature for growth is about 20-25* C At 37* C growth 
IS generally stated to be sbght or absent, but in our experience abundant growth 
of these organisms is by no means infrequent ui cultures made from certain foods 
Most strains grow at 0* C (Coyne 1933) , Haines (1935) found that the genera 
tion time m broth at this temperature was about 9 bour« The colonial appearances 
vary After 24 hours at 22* C colomcs on agar are about 0-5 mm m diameter, 
circular, smooth, convex, greyish white, and translucent with an entire edge , after 
5 days they are 3-5 mm in diameter, raised Or low convex, greyish, opaque, with 
a smooth surface and entire edge, or sometimes with a' beaten-copper surface and 
an irregular edge Mucoid colonies are not uncommon, and seem to be formed 
most frequently by the short fat cocco-baciUary type Colonies with central 
crateriform depressions, draughtsman bie colomes, colomes with a roughish snrface, 
and colonies showing radial stnation are sometimes met with An aromatic odour 
may be noticeable 

In broth there is a uniform turbidity of varying degree with a powdery, granular, 
or VISCOUS deposit On potato » layer of growth is formed, which is sometimes 
mucoid or creamy, and which often takes on a caf4 an lait appearance after a week 
oi two 

Most, but not all, strains seem to grow m MacConkey’s blle-salt medium In 
bqnid MacConkey they give nse to tnrbidi^, but not usually to acid production ; 
on sohd MaeCkmkey they form small yellowi^ colonies, which after 5 days at 23* C 
may reach a diameter of 1-2 mm Their growth is not inhibited by concentrations 
of bnlbant green and sodium tetratbronate, each as arc used in the isolatiou of 
SalmoneUa organisms and as they form non lactose fermenting colomes on 
MacConkey s medium, they may cause trouble in the search for pathogenic organ 
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nms in foods such as synthetic crca n and made up meat dishes suspected of 
bcmg responsible for conveying food poisoning or enteric fe\er 

Litmus milk may be unchanged More often it is turned alkaline or peptonized 
Some strains produce acid and curdle the mtllr- The litmus is often reduced to 
withm a few millimetres of the sur&ce 

Sugar reactions are variable Most strains have little or no fermentatn e abihty 
but some produce acid in glucose or in glucose maltose mannitol sucrose and 
sal cm less often m lactose There is no record of gas production bo ne straii s 
give a positive MR or VP reaction or both Nitrates are not uncommonly 
reduced to mtrites but indole is rarely formed Haines (1933) who studied 
132 strains isolated from meat found that 67 strains fermented glucose and maltose 
59 fermented glucose only whereas 6 failed to ferment even glucose Celatm 
may or may not he liquefied in Harness senes 115 strains liquefied gelatin in 
1 to 2 days and 1? strains liquefied it slowly or not at all 

Little or nothing is known of their antigenic characteristics It is probable that 
they are all non pathogemc 
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CHAPTER 27 


PROTEUS AND ZOPFIUS 

PROTEaS 

DCTCfrno^ — Prol«v» 

HigU; plMznorphic rods, filaments and curved celb tietng common in young 
cultuTM Gram negative Actively motile Charactenstie spreading groirtb on 
moist media Often liquefy gelatin and often produce vigorous decomposition 
of proteins Ferment glucose and nsually sucrose but not manmtol or lactose 
mtb production of acid and gas 
Type species P nl^ns Hanser 

Habitat — O^amsms of the ProUus gronp ba>e been knotm Eisee t&e eatliest 
daps of bactenology Tbep axe tvideir distnbuted lo satnre, and constitute an 
unportant part of the don of decomposing organic matter of aoimal ongm Tbep 
an constaotlj pre«eot m rotten meat and in sewage, and i eiy frequently m manure. 
Though often demonstrable m the fteces of man and animals, they are rarely found 
in large numbers except when the normal inlestual mechanism u deranged 
They ore not tmcommon m garden sod and on certain >egetables, such as melons 
and celery (Canto 1911), but it seems probable that their access to these materials 
results largely from contsmmation with sewage or manure 

Besides their wide saprophytic existence, Proteus bacQIi are able under certam 
conditions to grow in the animal body and eren to give use to pathological distnib 
ances The role they play in aummer diarrhoea is not yet entirely clear, but there 
IS no doubt that in some outbreaks of this disease they multiply enormously m the 
intestinal canal, particularly of infants This holds particularly true of Morgan’s 
bacillus which in the light of Bacss’a (1936) recent work, must be regarded as 
belonging to the Proteus group They are ptiroaxily responsible for some cases of 
cystitis, and they are to be met with as «ecoDdsiy invaders m infections of the 
bladder and m wounds Many strains, referred to as Proteus X strains, have been 
isolated from the urme, fsces, or blood of patients suSenng from typhus fever, 
though their exact relationship to the etiological agent of this disease is stOl obscure 
(see Chapter 83) 

Morphology — The organisms are rod shaped, but are subject to great variation 
m size In agar cultures after 24—18 hours, the majon^ are of the coliform typc» 
1-3 ft long by 0 4-0 6 ft -wide, though short fat cocco-bacillary forms are not nn 
common (Figs. 136 137) In young rapidly growing cultures, however, m which 
swarming (•see p 643) is apparent, many of the organisms are long, curved, and 
filamentous reaching 20, 20, or even 30ft in length (Fig 135) There is no very 
characteristic arrangement , the bacilli are distributed smgly, m pairs, m short 
chains, in small hundlea, or m larger bundles in which the members tend to be 
arranged concentrically, more or less gimnla tmg the isobars m a diagram of a 
642 
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cyclone There is some cariation m depth of staimng Except for non flagellated 
0 variants, all meml cts are actively motile by pcritnch-ite flagella m young cultures 
Keither spores nor capsules are formed The 
reaction to Gram s stain is uniformly negative 
Cnltnra! Characters —Growth occurs freely on 
the usual media One of the most characteristic 
properties of Proteus strains js tbcir ability to 
swarm ’ on solid media Gintn (1911) who 
made a study of this feature, found that if an 
organism of the Proteus group was inoculated into 
the water of condensation of an a^r dope a 
rapid growth occurred which spread over the 
whole surface, producing a uniform layer hardly 
distmguishable from the medium This process 
has been more fully described by Mollhe (1927 
1929) Swarmmg may be defined as a pro 
gressive surface spreading by the microbes from 
the edge ot the parent colony It is best slndied Fio 

by tonebng the centre of an agar plate with a » 

° ® V taowiog swsrromg on sesr fl 

needle dipped m a Proteus culture Pirst of all horns 37“Cr (x S) 

a colony develops and then after about 6 houra 

at 37® 0 a thin, effuse, ground glass type of growth appears round the edge 
of the coloaj, and ripidly spreads over the whole plate (F;g JSi) If it is 
examined under the microscope it is seen that, when swarming commences long 
slender rods in continuous motion 






FiQ 135 — Proteus vutsran^ 

From an agar culture fl hours 37" C abowing 
long filaments (x 1000) 


break away from the periphery of 
the colony and after travelling 
some distance from the parent 
colony ]oin neighbouriDj, htcral 
offshoots to form arches which 
are rapidlj filletl with other ro U 
from withm W hole rafts of rods 
tear loose from the peninsula so 
formed and work across the agar 
so that in a short time the colony 
13 surrounded b) an archipelago of 
islands and solitary organisms all 
constantly in motion The \ery 
long rod forms are the predominant 
feature m the picture they form 
arches islands epirsls and ques 
tion mark forms (Fig 135) Once 
the plate is completely cos ered 
with swarmers the long rods 


arc replaced by quite short forms 
(Figs 136 and 137) The property of swarming M observed only on the sur 
bee of solid media In the depths of an agar shake or pour plate culture the 
colonics are compact This circumstance may be made use of in the isolation of 
organisms inited with Proteus bacilli (Fry 1932) Other methods for the inhibition 
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of swarmiDg consist m (a) the addition to the mediuta of certain narcotic 
such as chloral hydrate, morphine and soilram phenylethvlbirbiturate {Kramer 
and Koch 1931 Lode and Howard 1932), chloral should be employed in a final 
concentration of l/oOO-l/lOOO , this method auffers from the disad'antage that 
many strains are relatively insensitive to the drugs used , (6) the incorporation 
of 5^ per cent alcohol m the medium (Floyd and DacL 1939) , this method is 
effective, but if used for the isolation of streptococci has the drawback of lysing 
the blood in the agar and inhibiting the growth of the streptococci , (c) the adition 
to the medimn of sodium azide in a final concentration of 1/50CO-1/10 000 (Snyder 
and Lichstein 1910, Lichstein and Snyder 1941) , m the higher concentration 
not only IS spreading prevented, but the growth of Profeut is almost completely 
inhibited the growth of streptococci js good, though the zone of hiemolysis 
around (i lytic colonies appears green and around a lytic colonies brown , [d) the 
use of 6 per cent agar (HajTvard and Hides 1943) Swarming is also suppressed 





PlO 136 — Prcteiu rul^aru Fio 1 37 — PRifeaJ 

From an agar coltore 24 boon. 37*C From an agar enllnre, 43 bonra, 37’C^ 
showing chieSj tod IcpTni*(X 1000) ahovnng short tods only (x 1000) 

on some of the media, such as Wilsoa and Blair’s bismuth sulphite agar and Leif 
son 8 de^ozycbolate citrate agar, nsed for the isolation of the pathogemc intestinal 
Gram negative bacilli According to Lomiiuki and Lendrom (1942) some ' surface 
active agents,” like the alkyl sulphates, have a strong anti-swanmng power * 
Swannmg is due essentially to the active motility of the bacilli. Non motfle 
0 variants give rise to compact colonies which according to Felix (1922), may 
be of three types (1) smooth, translucent, homogeneous, with an entire edge , 
(2) grannlar and opaque with an irregular edge , (3) tmy colome«, barely viable 
to the naked eye after 24 hotns. 

Observation clearly shows that Bwanmng on an agar plate is a discontinuous 
phenomenon. On a plate inocnlated centrally and menbated at 37° C, a thm 
layer of bacteria is present at tl» ate of mocnlatioa after about 4 hours. Swarming 
then begins, and m 6 honrs the breadth of the growth 13 1-1 5 cm Further progress 
outwards ceases but the layer of growth becomes thicker After 8 hours swarming 
ac'am starts, and a fresh nng of growUi appears The alternation of swarming and 
1 Certain qmnone tompounda have also been to be effective la fuppressmg the growth 

of Prolevi (see p IS^S) 
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rest occurs regularly, a fresh ring of growth being formed about every 4 Lours till 
the plate is co>crcd It is due to penodic extension that the surface of the 
growth appears nppled or contoured (see Russhliinser (1935)) 

Though the property of swarming is generally considered to be peculiar among 
aerobic bacteria to the Protaa group it has been pointed out by Eauss (1936) that 
strams of Slorgan’s (1906) bacdlua, wbicb ha\e not hitherto been included in 
this group, abo exhibit the ability to swann under appropriate conditions On 
ordinary agar at 37* C this organism fonns circnmscnbed colonies, but on solid media 
contaimng only 1 per cent agar incubated at 20-28* C , characteristic swarmmg 
occurs Variant forms are described having a less marked power to spread, and 
these gi% e rise to colonies distmguished by varymg degrees of penpheral spread as 
well as by tbeir structural appearance 

In broth Proteus giies use to a uniform turbidity accompamed by a sbght to 
moderate powdery deposit and a famt ammooiacsl smell Cantu (1911) states 
that a surface pellicle is ne\er formed, whOe Wenner and Rettger (1919) and Yacob 
(1932) say that a thin fragile pellicle may develop in older cultures Gelatin plate 
colonies are very characteristic (Cantu 1911) 

Resistance — Few observations appear to have been made on the resistance of 
Proteus bacilli Our own limited experience has shown that they are readily 
destroyed by heat and disinfectants Exposure to moist heat at 60* C for I hour 
IS sufficient to stenluo a broth culture A 1 per cent phenol solution inoculated 
with one quIIioq organisms per ml , is found to be stenie within 80 minutes 

UeUboIim — Tlie members of this group are aerobes and facultative anaerobes 
Growth under stnet anaerobic conditions is very poor, and certain ensymio actm 
ties may be suppressed The optimnm temperature for growth is about 34-37* C , 
though rapid multipbcation occurs above 20* C The limits of growth are between 
about 10® C and 43® C 

Reports on the bsmoljtic activity of Proteus *116 discrepant Wenner and 
Rettger (1919) obtained uniformly negative, and Norton, Verder and Ridgway 
(1928) umformlv positive results In neither of these reports is the type of blood 
mentioned Taylor (1928), using hnman blood, observed hsemolysis regularly 
withm 24 hours m 1 per cent blood broth, bat not on 10 per cent blood agar plates 
Yacob (1932) used 5 per cent rabbit blood agar plates, and found that all strams 
produced /9 hiemolysis in 24^8 boms As with many other organisms it seems 
probable that the nature of the blood is an important factor m determining the 
result 

The mam features that distinguish Proteus bacilli from other Gram negative 
gelatin bquefying rods are the production of HjS and the active decomposition of 
urea (Moltke 1927) According to Wolf (1918-19), urea is broken down readily 
as much as 45 per cent of the total nitrogen of unne being transformed mto 
ammonia The production of indole and the digestion of serum protems varies 
with diiferent strains , as a rule these two properties are negatively correlated 
The power to digest serum protems is often lost durmg cultivation in the laboratory 
Catalase is formed, but the oxidase reaction described by Gordon and JIcLeod (1928) 
is negative 

Since the Proteus bacilU are found moat constantly m decorapoaing amnia! matter, 
they are generally regarded as putrefactive oiganums Rettger and Newell (1912 13) 
dispute this They define putrefaction as a particular process of protein decomposition 
which 13 brought about through the ageniy id bacteria with the evolution of foul smelling 
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producU which are charactenatic of ordutuy cadaveric decompositioa ” Aniozigst these 
decomposition prodncta they consider mercaptan and the ozy-aads to he of particiiiar 
significance indole akatole and HjS are less cbaractenstie. According to this definition 
the Profci s group would be cU^ed amongst the non putrefactive bactena. The coanota 
tion that Rettger and Newell attach to the term putrefaction u that it is essentially 
an anaerobic process it is dependent therefore on the anaerobic growth of bactena 
ProUvt bacilli, when grown nnder anaerobic conditions do not digest proteins, and therefore 
cannot be regarded as capable of causing true pntreiaction They are however frequently 
associated with the anaerobes in putrefying organic material and no doubt a^ist these 
greatly by using np oxygen and rendering the conditions suitable for th^ir growth. It 
may be noted that this defimtion would not meet with universal acceptance 

Biochemical Reactions — 4cid and gas are formed from glucose sucrose, 
gljxerol xjlose and almost always from salicin Mannitol, lactose, dulcitol starcl, 
deztnn sorbitol and raffinosc are neser fermented. The action on maltose is 
variable and is of value in classification MoULe (1927) who examined 194 strains 
found that 37 fermented maltose, and 157 did not The maltose positive strains 
fermented sucrose and salicin within 24 hours, while the maltose negative strains 
took 3-15 days to ferment sucrose and IQ-21 days to ferment sahcin AH but one 
of the maltose positive strains produced indole, while the maltose-negative strains 
uniformly faded to do so A negative correlation was observed between the fer 
mentation of maIto«e and the ability to digest coagulated horse Berrun In the 
definition of the group by Winslow and his colleagues (1920) it is stated that 
the gas produced from glucose and sucrose conauta entirely of COi Mendel (1911) 
however gives the gas ratio as Hi COt= 6-8 I, while Tacob (1932) gives it as 
3-4 1 These latter figures agree with our own findings ThefenDeDtaUvea«.tmty 
of PriAeui is fairly constant, but occasional strains are anaerogemo on isolation 
(Edwards 1942) and others lose thetr power to attach certain sugars on prolonged 
cnltiiratioD Protixts morgant is restricted jn its fermentative power ftom the 
start The action on litmus milk is subject to some vanabon. Usually a true 
rennet clot is produced which retracts and squeezes out whey Digesbon of the 
clot sets in and is accompanied by progre'^ve alkalimzabon of the medinm. The 
litmus 13 reduced The clot is often digested completely within a week, and the 
reaction » strongly alkaline Slight unbal acidity la sometimes ob^rved, and 
not infrequently proteolysis may orershadow coagulation so that there u not 
time for a definite clot to form Most Etraios attack milk rapidly, unpartu^ to 
it a yellow colour a bitter soapy flavour and a foul odour but some strains have 
little or no coagolabve or proteolytic effect (PUhn 1937) The reacbon to the 
methyl red and Toges Pro'kauer tests vanes with different strains Nitrates are 
reduced to mtntes. Jlethyicne bine is decolonzed slowly in broth cultures. Urea 
IS decorDpo«ed with the producbon of ammonia — a reacbon that may be used 
in the differentiation of PTOfeut from SaJmondla (Ferg^uson and Hook 1943) 
Phenylalanine is broken down with the fonnabon of phenylpyruvic aad (Hennksen 
and Closs 193S) 

Anfasemc Structore — Oar knowledge is both deficient and conflictmg Jlost 
workers (Cantu 1911 IVennet and Rettger 1919 Taylor 1923) who have prepared 
immune sera agamst different strains have found that a given serum may o^lutinate 
either the homologous stram only or a number of heterologous strains as well 
Any simple subdiraion by aggintmation or absorption of agglutinins has proved 
impossible Moltke {19‘’7) who paid special attention to the H and 0 antigens 
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found that by direct agglutination the swanmng strains could be divided into 
3 mam groups and that by absorption these mam groups could be divided mto a 
number of sub groups The non swanmag strains differed from the swarming 
strains m their absence of an H ant gen and differed among themselves m the type 
of their 0 antigen. The relation of the vu^m to the T strams is still somewhat 
doubtful The 0 antigens of the A strains differ &om those of the vulgans strams 
but there appears to be a certam group relationship between the H antigens (Tacob 
1932) Among the 0 antigens of the A strains there are at present three fairly 
well-defined groups represented by the strains OX 2 0X19 and OYK (see Chapter 
83) White (1933) has brought evidence to show that the 0 antigen of OX 19 
contams two receptors one of which is alkali labile and is mainly responsible for 
agglutination of this organism by an antiserum prepared agamst it the other of 
which is alkali stable and is responsible for the reaction of the bacillus with the 
sera of psfiecfs suffenag from typhus ferer — cbo We// Fekr reaction. Sfeisel and 
^likulaszck (1933) and Castaneda (1931 1935) have reported the extraction of 
soluble specific polj^cchande substances from Proteus X strams Castaneda s 
results agree closely with those obtained by White They show that the alkali 
stable polysaccharide referred to as X is common to both Proteus X19 and 
Riclrltsia proica th («ee Chapter 39) while the alkah labile polysaccharide referred 
to IS P 13 specific to Proteus V 19 

Ooi own observations on a bmited nombet of strains suggest that there is a wide 
variety of H and 0 antigens m Proteus ruf^ns the H antigens bemg distributed 
to some extent mdependently of the 0 antigens 

ith regard to Proteus morgant Bauss etates that the H ant gen tends to be 
group-specific and the 0 antigen type specific In an examination of 48 strains 
7 types of H antigen were differentiated but as many as 17 types of 0 antigen 
A relationship was found between the H receptor of one group of mor^ni and a 
strain of Proteus vulgans 

Pathogenicity — Proteus bacilli are frequently found lo and appear to be tespon 
sible for a number of mfiammatory and suppurative conditions m man They 
are a very common cause of cystitis and may be isolated m pure culture trom the 
urme of infected patients They are not uncommonly found m abscesses either 
alone or m combination with other organisms Metchmkoff and his co workers (see 
Chapter 71) found them almost constantly m the fsces of infants with summer 
diarihcea They are frequently present usually as secondary mvaders m wounds 
and burns where they probably favour the development of the pathogenic anae 
robes And they have been isolated from a variety of conditions such as volvulus 
pentomtis croupous pneumonia acute gastro-ententis of the food poisomng type 
and 'BaTiktT kSTS ‘Slahm lliST Co&pct el ol wapyms. ga-agtewe, 

the lung and septicamia Jensen (1913) considers them responsible for one form 
of epidemic calf dysentery and Wyss (1898) has encountered them in an epidemic 
disease of fish m Lake Zurich They are al^ responsible for the black rot of eggs 

An organism described as P hydrophtlus has been held respons bla for the Red leg 
disease of frt^ but as this organism is monotachate does not swarm on agar and does 
not decompose urea it is very doubtful wbether it should bo moluded m the Proleue group 
(see Enlp and Borden 191*’) 

The relation of Proteus X 19 to typhus fever is discussed in Chapter 83 

Their psthogemcity to laboratory anuoals is vanable virulent strains on 
mtroduction into the tissues are able to piolifezate and invade the blood stream 
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Strains of lower virulence cause cbronic inflanunatoij processes, either of the 
suppurative or of the infective graniiloma type (Larson and Bell 1913, Wennet 
and Rettger 1919) , the latter ate beat seen after intrapentoneal injection 
The inoculation mtrapentoneally of 0-5-1 0 mL of a 24 hour broth culture of 
& virulent strain generally pio%e3 fatal to rats and mice m 18-48 hours, and to 
guinea pigs and rabbits m 1-7 days Severe infections in rabbits are and to be 
characterized by extreme emaciation (Larson and Bell 1913) Though invasion 
of the tissues may occur on parenteral inocobtion, Jen^n (1913) states that m 
naturally infected calves, even when the organisms are seething m the gut, the blood 
and tissues remain sterile 

Classification — Hauser (1885) divided the Protau group into three species 
(I) Proteus vulgaris , Gram negative, liquefies gelatin, peptomres fibnn, ponces 
indole and baa a vanahle action on glucose and sucrose (2) Proteus mirahilis , 
Gram negative, more highly pleomorphic, and liquefies gelatm more slowly (3) 
Proteus zenkeri , Gram positive, does not liquefy gelatm, does not form mdole, 
and fads to attack sugars Proteus zenlert was found to be very similar to an 
organism described two years previously by Earth (1883) under the name of B 
sopfii , as both of these organisms are Gram positive, they had to be transferred to 
a separate genus, which is known as Zopjius 

Hauser s subdivision of the Proteus group on the basis of morphology, rate of 
Lqnefactian of gelatin, sod mdole produetton, has been found impracticable The 
morphology is variable, depending especially on the medium and the age of the 
culture The rate of liquefaction of gelatm is likewise variable , jt u rapid with 
newly isolated strains, and is often much slower, or even absent, with strains that 
have been long under artificul cultiratioa lodole production used to be tested 
by the mtroso mdole reaction , but as Berthelot (1914) has shows, this reaction 
18 untrustworthy, and is given by indolacetic acid as well as by indole , when tested 
by Ehrlich s reagent, using the ether extraction method, it is found that the results 
ate different, and that mdole production is not nearly so constant a feature of 
Proteus as it was originally considered to be 

The most stnkmg characteristics of the members of this group are their abihty 
to swarm on sohd media, their production of H,S, their decomposition of urea, their 
hquefaction of gelatm, and their failure to ferment lactose or any of the polyhydne 
alcohols It should, however, be added that O variants occur which have lost their 
power of swarming, and that old strains may no longer liquefy gelatin 

The recent observations of Eauss (1936) suggest very strongly that Morgan’s 
bacillus which has hitherto occupied an mvidious position m the Salmonella group, 
IS closely related to Proteus Its sbibty to swarm under suitable conditions, its 
{le-qwent, fermentation of syloa* and its iKoasional fermentatvon of snerosc, its 
production of mdole and H^S, its formation of aUcab m litmus 'imik, the greater 
group specificity of its H and the greater type specificity of its 0 antigens, the group 
relationship of at least one of its H antigens to Proteus, its growth only under 
fevonrable conditions m the mtestme of human beings, and its general pathogenicity 
for eipenmental animals— all bring it closely mto line with organisms of the Proteus 
group Its failure to liquefy gelatm or constantly to ferment sucrose must he 
considered m relation to the negatiie reactions obtained in the«e two respects with 
known Proteus strains, particularly those that have been long cultivated m the 
laboratory Intermediate types that peptonize milk, and the oiganisnis de«cribeil 
by Magath (1928), which were isolated firom cystitis and which liquefied gelatin but 
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did not ferment sucrose, seem to show that too much stress should cot be laid on 
any single biochemical charactensbc Banss’s conclusions are supported by the 
observations of Henriieen and Closs (I93S), who found that both Proteus and 
Morgan’s bacillus were able to break down phenylalanine with tbe formation of 
pbenylpynivic acid 

Until a more thorough study has been made, we consider that the most con 
senient method of classifying the Proigtu group is on tbe basis of maltose fer 
mentation and gelatin liquefaction, tbongh we hesitate to ascribe specific names 
to the members of the snb groups The X etrains belong mostly to the maltose- 
positi\e sub group, but the Kmgsbury strata differs in this respect, as well as in 
its failure to liquefy gelatin 

(For review of the Proteus group, see Cantu 1911, Berthelot 1914, IVenner and 
Rettger 1919, Besson and Ehnnger 1923, Moltke 1927, Taylor 192S, "iacob 1932, 
Mello 193S) 
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Proteus vulgans 

Synonym . — B proUus ni/yorw 

/so/otion — By Hauser m 1885 from putrefying matenaL 

SaitlaL — Putrefying animal and vegetable matter , often in f^es, soil and infected 
wounds. 

MorfMoffy — Straight or aLghtly curved rods, tO 2 6 ^ X 0-+-0 6 /i, with parallel sides 
and rounded ends , arranged singly, in paira end to-end, and in short chains. In 
young sirariniDg culture's, long curved filamestoua forms are common. Consider- 
able variation m length , ovoid forma m pairs mav be seen, and m old cultures 
large bloated forms. Staimng is fairiy uniform, though variations in depth occur 
Actively motile by numerous pnitncfiate flagella though shgbtly motile forms 
with 4 flagella, two at each end and non motile forms deioid of flagella may 
occur Gram negative 

Aynr Plate* —24 Ao«r#, 37* C The wliole plate tt covered with a slightly raided layer of 
growth, which, but for a faint nppimg or eontounng of tl e surface and a marked 
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odour u e&silr orrrlooLrd. ^metimes lodeSnite pmnaiy ccdomes are s«ea. of 
rniable diameter haviog a emooth or alifihtl/ naged diaugbf'man'liie sarfaw 
aod an entire edge. TLe vki^e growtli is transf jcent of tlie same <«kiur as the 
medium butjruus, and easilr Moulsifiable: ^e complete laper of grovtli orer 
the whole plate is dne to STrarming of the bacilli (see text) Non flagellated 0 forms 
gire nse to compact colonies. 

Afar Slope . — If the organisms are inoeidatcd into the condensation watw thej swarm 
rap dly and in about S honre at 3 * C fonn a uniform, shghlly raised, trialncent 
growth with a ghstenmg famtlj* contonred surface over the whole slope l!heTe 
IS a thicL turb d growth in the water of condensation itselfl 

Gdat n Slai — ”4 hours 23“ C Good filif orm growth, conastmg of discrete a nd conSnent 
colonies, extending to the bottom of the tube smooth raised surface growth 3 or 
3 nun. in diameter Cratenform liqnefacbon is genenll; Tiable after 24 houn 
in newlj isolated strains hqnefaction bter becomes stratifonn «ntl u complete 
in to 4 daja. IVth old laboratory strains bqoeiactiDn » slower and mav not 
be complete for 3 weeks soract mea tba power to liqnefc gelatin is lost altogether 
Oceas onallj very fine tangled branches grow out bom the filiform stab. Sime- 
times the liquefaction is mfundibiililonn or saccate 

Broth — '*4 hours 3~“ C hloderate growth with a ehght to moderate uniform tuib ditr 
and a moderate powdery deposit disintegrating completely on \a 

surface growth. 110 growth increases only ah^htlv on further mcnbstion. 

Ctueost Afar Shake — '*4^ouf4 T*C Profiioe growth of Uny colonies throofehootmcdiam. 
and Utct of growth orer whole surlace. Numerous bubbles w gas threoj^bout 
medium soaetmies blowing the a'^r np to the plug 

Both Blood Ajar Pla/ea— ‘*4 hours Z^C Uniform growth orer whole «iir&ce with 
indefinite single colomea. Ihe blood is cleared, translucent and of a sLghtlr 
lietig Tn.li colour ^ hsmolrsis on 5 per cent, nbb t blood S'^r plates. 

SloeCenktj/ PlaUa —*’4 ^f4 3*^ C Good growth of colourless, discrete or pertlT eon- 
fluent eolomes. The colonies may be smooth, but more often bare a iLghtlr 
roughish surface with an irregdUrlr crenated, radially struted edge. 

Lorflers Serum. — Spreading growth orer whole surface. On further incubation the 
scrum IS liquefied partly or compJeielr but this power of lique&ction is confined 
chiefly to maltose-n^tivestrama. Newly isolated strainsare more active Lqueficts 
than old laboratory sttains. 

Dorset Eff — ”4Jiottr#3“*(7 Spreading growth over whole surface. On further incuhi 
tion di^stion occurs, but doca not osoally proceed to completion. 

CoeActd Meat Mtd urn, — 5 dajs 2r^C Good growth with some bubbles of ^s. No 
bbekemng or Tuible digestion occura. 

Potato — 5 days 3 “ C Itaised, conSurot glistening. gnyLh-brown growth. The potato 
Itself takes on a cafe-au lait colour 

/lc4>42nnce. — Not specially resistant. Killed by moist heat at 5o“ C. m 1 hour 

J/cral«li4»i — Aerobe and facultatiro anaerobe. Growth under anaerob c conditions is 
poor only a reiy thin, efluse barely vuUe growth is formed on agar in 4 days 
at3 “C. No digestion of protein media occurs under anaerobic ccmdiUon& Opti- 
mum temperature for growth 34’-3*^ CL Good growth occurs at *0* G A h*mo- 
Ivsm is formed, acting on rabbit blood. No|Hinnent formed, except the caffauda t 
pgment on poteto. Crowth is improred by the addition of ghicose and of mtiates. 
No soluble toxin formed. 

Bioehm ml — All strains produce ac d and gas in glucose galactose glyomil. and sucrose. 
Nearly all strains ferment satictii.and some ferment maltose Lactose mannitol, 
and mannose are never attacked. Old laboratory strains may lose their power 
of fennenting sucrose. lAtmas mtU. AlkaUne some strains coasmlate the casein 
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•nil thm diprwt it , othfT* U without preliminary coafrulatlon , the litmui 
U mluc«L Iml le l« pr^locul hj th« m*lto«vfprm«niUnp, hut not Ij tlio 
maltnao-nrgaiiTritraini. H,S4 f- Ml* }-+• Catalmo-i-f HVthvlcncMuo 
fftluotK'n + Ni!rat'^n’<li»'»»ltonitni« Ml* }■ \ V 4-, if llimtt • nutliori 

i* nwJ I*rra i* ilr<nm|wm^i with th* f mutti m of Nil* 

Anffrnii Iwrt mf li«r}y out Hr direct tfio fwarming; 

*tnirui f*n 1* iIithW into 3 ni%in |:ruup«. but rerrral imallcr RnnijM are prr^nt , 
by alM''r]tk>n tl>o ni»in cowjw can I« dirt I 'll Into • bo apponnt 

rclttion»hlp l^t »rrn tl*o arrebyical anl tlx* I Ktclirmiral (."nuij me Tlic 0 antigen* 
tml to 1*' ly]»“ »piyn*lc Among tlx* S ilraina llm OT Z.OX in, am! OX K. itram* 
are dbthrt 

r^t^ogcawi/y— Produre* no aprcific Infreiion un«!«^ natural rondiUon*, but i« frequently 
found in mtitu. Infantile diarrh(i<a, anl auppuratire Inuon* generallj I* pn> 
Ual4r rrepontible fir vne form of call dvarntrry \ irulmre to laturatory animal* 
ft rarubin. |{i,,})y rirulmt cnllurea Irwwulatol Intreimtonnill} Into rablitn 
rat*, or guinea ]>ig< oaure death in a few 1 mira, prreumal ly fniin toiirmia. Lee* 
nnilent rult urea ra ttre emaeiat > <n with death in a wreL or more after iniraprntoneal 
lnocuUl*''m, anil aliwreMe* amt in*'ammat ry renlitloni UJling f« r monthi after 
•ubraianmui InornUiion. In fatal caeca tlicorganum* can generally be n'cerered 
from the H«<d ami Tiwyra. 

Protm taortini «a* i* dateii by M irv'n from the of (vjiient* with 
mmtrer dunlret It tt m tile l\ 5JS-00 fe^nlnchAte Motilitr i* 

aomeljme* Joit after Jmg rul!ttati/>n. lut jt may aomeJinjej b© rrrtomJ bj 
{u^uge through Lftilh at Ci»' C Th mgh r<l awarming at 5?’ C otjorvlinart agir 
It awannt rei lily at ?■) 2''* C on I per cent agar \ ananl t> !»•, hnwe* cr, occur 
whifh arc Icai aettrelr motib, artl witch gu© n*© to charactertnic (trraming 
polort^a Tie prnfnl cultural claraetcra rrecmlle ilow of the colirorm Rroup 
Afii *1)4 a a*nall amount of ga* are | mluccil in glucov {vptnrie water within 21 
hour* Xylow It often ferments! withtlepnxloctionofaei I onl\, while occittoml 
•train* arc laul to j ml tec aci I an I a amall amount of gas in aucro*© after 10 daya 
(iclatin It not tiqucfied, hut leith irdolc an ! Ii,H are formrel abundantly Litmut 
milk ta tumrel alkaline About 30 per cent of atnmt pne rav to a hirmulyatn for 
alreep red cell* Antigenicalli, n»o*t worker* (Ijcwa* 1511-12, Kliplrr 1915 Thojtta 
192'), Jonlan, Crawf ml, and Mcllroom 1953) ineluding ourteUta, hn\e noted the 
extraonlinar* be1crx«penejlt of memliera of thw aj>C'‘iet. RauM (1'>3C) who hn* 
made a careful atu ly of thu (jucMion, fm 1* that the H antigi n tend* to l-c group 
Ipecific and the 0 antigen type-apecjfie ‘'ceen II receptors and 17 0 rrctplors were 
different latcil in IS it ram* One of tl© 11 artipen* in P Vtonytm is aimilar to one 
of the 11 antigen* in /’ rtilyoni The orpsm*m »ccm* to U* mainh para«itic and 
pcirr>1uiiy jxtthitf'mc, » evoWenaWe r^lc m aonie puthrrsl* of inf intiJ© 

diarrhcea It ha* l*vn i*nhted from pant* j hold like fc\er* {IlA*en* and Mnj field 
1930) Infection* in 1 ird*. mammal*, and rej tile* are not iinrmnmon (lei* ell 1929), 
while in mice it maj pre nv* to »pontaneotts ©pidemir* of entcnti* (\\1l*on 1927), 
especiallr m the late auinmer and autumn month* llxpenmentally , it produces a 
rapidlj fatal infection m mice on mtrapcntonrsl inociilalmn It doc* not proiluce 
a soluble toxin 

Other type*of bacilli were l•ol*t^•1 1} M«rRin(19i>*i 19(i7) which are eomctinics 
called after him, and which «liff r from hi* No 1 Intdlu* m their motiht), their 
action on milk, or *ome other chsnctcmtic , but the term Morgan's baeiUu* i* 
generally u»ed to indicate the organism w© ha*e ia«l de«;nl>«l 
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DKnrnno'f — Zop^as. 

LongtQds.occTitni^tneTcnlycim;«dchucs. G»m posiU^e. Spid^ 

web growth on solid media. Facoltat re anserobea. CarbohTdntes and g^tm 
not attacked hedK^cn Ettlphide not formed. 

l^pe Epeoee, Zopfiiu zopfii (Ktuth) TVenner and Eet ger isolated onzioaBy 
from the utestiaal tract of heca. 


Organisms of thu gronp are didmntiated in arrera] waj-i from those of the Prttnu 
group. Apart from being Gnm-poe 1 to, Iher fenaent no carbohvdratos, ther form do 
they do not liquefy gelatin, and they do not exhib t the phenomenon of rwamina. 
Morphologically rods are formed, about 3 5 /t long hvOS ft broad, hanog rotmded 
ends and parallel e des, and ommig m long erralr carred chains fismeslons forms 
are common. Th» organisms are tnolOe by penlnchate 12 p SO). 

On agar they form small utdistmet colooieo hansg cn magnidcalion a speder weh 
appearance sometimes the colonies are thinnest at the centre and are gm i a cndi^l by 
arborescent tufts. In gelatin rtab arborescent lateral blanches, interlacing freelr grow 
out from the stab. There is a slow moderate growth in broth, with oocasionallr a iT*”! 
fragile pellicle. Optunom temperature for growth u 25 C. growth occurs freely between 
20* and 30® G. but u verr poor at 3 * C \o sugars are femented. and there is only 
a aeanty growth in litmus tnitk with no ruble change in tbe mcdrom. On potato thee 
uaoodentegrowth the medinm u darkened. Gelatin aerum.asdeggarenotdlfcev'ed. 
No ladok or u formed, but there u some prodnctxm of N*B>. 
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CHAPTER 2S 
BACTERIUM 

Dcrtsmoir — Badtnum 

Gram neptire non sponng rods often motile with pcntncliate flagella. 
Someapecieacapaulated EaaJrenttirabloon ordinary Lihnmtnty inMia Aerobic 
and facultatireiy anaerob c. All apeciea ferment dextrose mth tfao formation of 
acid or acid and gaa 3Iany apeciea are actira fenneatera of a wide lange of 
caibobydratea and allied eabatrates. callj mtestmal poiaaitea of man and 
animals, tbongb some epee ea may occur in other parts of the body on plants, or 
m the eoil Many epcciee are pathogenic;. 

Type Bpeeiea Badenum eofi 

Classificatiaa and Komeoclahire 

Iq th« past the generic tertn Baettnum has been osecl to comprise a broad 
group of Gram negative non <ponDg rods occarmg id the intestinal canal of 
man and anunals and on plants and Lnng either a saprophitic conunenaat or 
pathogenic ezL.tence It was early reahred that the members which were patho> 
geme to man and aumaU differed from most of the non pathogemc forms in failing 
to ferment !acto4e Of recent years the non lactose-fermenting group has been 
subdivided mainly on the ba..is of biocbemical and antigenic characters mto a 
number of sub gtoup*i which hare been pven the geneno names of EberfheJIu 
Satmot ella anA Shigella Of these Eberthella which com] rises the tvphotd baciUns 
Is sO closely related to the Salmotella group that we can cee no useful purpose 
in maintaising its «<parate identity X^e shall thetefore deal in the following 
chapters with the Salmonella group which comprises the typhoid paratvphoid 
and food pouonmg organisms and the Shigella group containing the dy«entery 
bacilli. A readue of strains fermenting lactose late weaUv or not at all and 
usually regarded as non pathogenic is clasjfied m the relativelv indeterminate 
group of paracolon bacilli and will be considered m the present chapter 

The classification and nomenclature of the lactose-fermenting organi-ms are 
subject to wide variation m ojbhiod On the one hand there t> a school led 
by American worhers (see Beig^ tt ol 1939) who would do away completelv 
with the genus Bacienum and «nbstitnte for it a number of genera — EseJiertchia 
Jerobader and Elcbsiella — to inclnde oigamsma of animal origin, and a angle 
genus — Ertnniu— to compii.c the p^nt pathogens On the other hand there is 
a «chool represented largely by worlers m Great Bntam but not without con 
siderable support in the United States wh ch adopts for the present a conservative 
attitude and prefers to include all these or^msms m a «ingle genus — Badenum 
With this latter «chool we would identify ounelves. 

In the definition of the genera mentioned above reliance is placed for differ 
ential purposes largely on habitat btodiemical characters and pathogeruaty 
6»4 



CLASSIFIQATIOS AND NOMEyOLATVRB 655 

Ortlie«e neither habitat nor pittogemcity thongh useful adjuncts can bo regarded 
as satisfactory basal criteria for class fication Tic separation therefore of the 
group £rtrtnia from other coliform o^nisms merely on the ha«is of plant patho 
genicity is not soun 1 taxononiical practice If this property was closely associated 
Tilth some more \alid criterion there noull le something to be said for recog 
inzing the fnnnia group , but though Elrod (1912) maintains that the secretion 
of an enzyme protopectuiase which is responsible in plants for the production 
of soft rot 13 characteristic of the £nrinia group it is clear that this is merely 
another way of saying that these organisms are pathogemc to plants Elrod s 
own observations on the biochemical characters of the plant pathogens support 
those of Dowson (1939) in showing tl at these orgamsms cannot be distinguished 
satisfactorily from coliform organisms of animal origin Until some more stable 
differenti il character is foun 1 we prefer tl erefore to regard the coliform organisms 
of plant and animal origin as belonging to a single group 

The division of the organisms from animal sources into Esehencha Aerobacter 
and KUhsxeWa is in our opinion 1 ardly more fortunate The first two groups are 
morphologically and culturally indistinguishable and their differences in bio 
chemical behaviour though worthy of specific recognition are not of sufficient 
constancy or importance to serve as entena for generic differentiation Klebsiella 
which comprises capsulatcd organisms found in the respiratory tract is perhaps 
even less justified rractically all coliform bacilli seem to be capable of forming 
capsules under favourable conditions and in our expcncDce there is no nay of 
distinguishing a non motile capsulatcd Gram negative bacillus in the respiratory 
tract from a similar organism in the intestinal tract Neither habitat not capsule 
formation is sufficiently constant or distinctive to jusiifj the recognition of the 
genus Klebstella 

We would plead therefore for the maintenance of the £(ir/erium group as 
a convenient repository for a wide range of Oram negative non spormg bacilli 
that cannot be claosed at present in either the Salmontlla or Shisella groups As 
knowledge increases it is probable that further genera will I e spht off But 
international agreement is essential it the new genera are to iccctvo universal 
recognition without It they will merely add to the existing confusion 

The strict taxonomist is worried by the fact that the type species Daclerium 
/n/oculure Ehrenberg 1828 is no longer recognizable and that the genus Barferiim 
IS therefore invalid On the other hand the organism that has for years been 
regarded by bacteriologists as typwal of this genus is the common cohform orgamsm 
of the intestine Baclenum coU Wo see no reason why the genus should not be 
re-defined with this organism as the type species so as to include the numerous 
Gram scgatire a&n aporing baaBi that esumet be assigned ts> otJiej j-ecqgnized 
genera Whether this genus is admitted as valid by the taxonomists or is accepted 
temporarily for purposes of convcmcncc (sec Breed and Conn 1936) is a matter 
more ofacadcmic than practical importance Our tentative definition of this genus 
follows closely that given by the Araencao Committee (Winslow el al 1917 1920) 
Morphology — Neither the shape size structure or arrangement of the bacterial 
cells nor the appearances presented by cnltaies on the ordinary solid or liquid 
media afford any adequate criteria for the differentiation of species withm this group 
The modal form of the individual cell is that of a bacillus 2 to 3 /i m length 
and 0 6 /I in breadth with parallel sides and rounded ends (see Fig 139) By the 
usual methods of examination the cell appears to be, almost devoid of internal 



CONDITIONS OF GROWTH 


637 


IS far too irregular aud rariable a character in the Baclenutn group to sen e as 
a criterion for specific separation 

Some species, such as Bad fneitandm, are norinall} capsulated, and this 
character, when it occurs, has some differential value , but those bacilli which 
are normally capsulated and form mucoid colomes when first isolated from the 
tissues, frequently lose the property of capsnle formation during subculture on 
artificial media, while other normally non capsulated species may acquire a capsule 
under particular conditions It may be noted that many coldorni strains isolated 
from milk are normally capsulated Most of these strains belong to the inter 
mediate aetogenes cloacaa group, but aome undoubted strains of Bad coli form a 
capsule, and gi^e rise to a mucoid growth on solid medu It may further be 
noted that the presence of a capsule is not incompatible with active motility 

Conditions ol Growth — The members of this group grow readily on the ordinary 
nutrient media of the laboratory, without the addition of any accessory substances 



Pjo 140 — Dael colt Fio iil —Bart coli 

Colomea on sgai plate after 24 faouis Larger umI flatter tjpe of colonj on agar 

(X 8] plate after 24 boun (X 6) 


They are aerobic, and facultatively anaerobic, though the growth is usually far less 
copious under the latter conditions The optimum temperature is for most species, 
in the neighbourhood of 37* C , and the range over which growth occurs is fairly 
wide.extendmgformostspeciesfromabont^S’C asanuppcrlimitto 18*0 orlower 
There are, iowevpT, ffJtAin difference* in behaviour that are of significance from 
the systematic pomt of view Thus.Azcf oeroyencjgrows verypoorly ornotatall 
at a temperatnre of 44* C , and differ* m this respect from the closely related Bad 
coll Moreover, many strains of Bad aerogenea have their optimum growth 
temperatures nearer 30* C than 37* C 

It happens that the nutritional rcqoircments of several species within this genus 
and the enzymic mechanisms that they employ in their attack on various substrates 
have been studied in considerable detail by the methods that have recently been 
introduced m the investigation of the biochemical activities of bacteria Many 
of the results obtained in these studies Lav© been described and discussed in 
Chapter 3 In the present chapter we may therefore confine our attention to such 
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stiuctuic It stains cTenly , it {onus no spores , and it shows no granules. It is 
Gram negative, and non acid fast This modal form is, however, widely departed 
from as regards the shape and size of the individoal cells. Some strains are almost 
coccal in form, others "how long, sometimea filamentous haciUi. There is a tendency 
for the co<!co-bacillafy or the elongated, form to predommate m any single strain, 
but some cultures show a wide diversity m this respect Cell length is, mdeed, a 
highly variable character in this group , and it is possible, as Barber (1907) has 
shown, to obtain long-celled strains of Bad colt by simple selection of individual 
cells for successive subculture 

Rudimentary branching, with the formation of Y forms, followed by division 
at each of the three points of the T, has been descnbed by Hort (1920), and by 
Gardner (1926), as an occasional happening is aome spemes of Bacterium 

Llany species are motile , other species are non motile By the usnal methods 
of Btaining the fligella of motile species appear to be numerons and to have a 
pentnchons arrangement Bow £ir 
this appearance corresponds to reality 
IS doubtfnL Pijper (1938) for ex- 
ample. using solar darh ground OIu 
nunatiOD, finds that the typhoid 
itaciUus — an organism morphologi- 
cally iBdjstingnishablefrom&e/ eoli 
—possesses only two flagella, at 
tached one on each sde of the body 
sear the middle They are broadlv 
coded spiral structures which, when 
in action become entwined to form 
a long tad by which the organism 
propels Itself through the surround 
mg medium There is evidence that 
each of the«e flagella is made up of 
a Dumber of extremely fine threads 
but, according to Pyper, there are 
only two flagella to each organism, 
with single oppoute points of attach- 
ment The pentnchons appearance disclosed by flagella stains is regarded as an 
artefact How far Pjjper s conclusions will be confirmed it is imposcible to say 
Whether there are two flagella or several flagella is not likely to give nse to 
confnson so long as it is recognized that they are attached to the sides of the 
rod and not as in Pseudomonas, to the end («ee Fig 13 p 31) 

Before the Salmonella and the ShtgeUa gronps were separated from the Badertum 
gronp jnotdity was of some importance in distinguishing for instance, the typhoid 
and paratyphoid bacilli, which ace neatly always motile, &oni the dysentery bacilb 
which are consistently non motile In the present BacUnum gronp, however, 
motility IS of far less differential value It la true that some member*, like Bad 
colt, are usually motile, and that other members, like Bad aerogents, are usuafly 
non motile , but the property of motfiity or non motility is a chaiactenstic of 
the mdividofll strain, not of the qiecies as a whole. Jloieover, motile organisms 
may give nse to non moble variants, thonghthe revere phenomenon, of normally 
non motile8pecie3givmgnsetomotilevan3iit3,doe3notappcartoocciir ifotflity 
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IS far too irregular lod variable a charactor in the Bnctenum grouii to aene as 
a critenon for specific wparation 

Some species, such as Bad fneiHanJen are tiormali} capsulatcd and this 
character, when it occurs has some diflerential value , but tho'^e bacilli which 
are normally capsulated and form mucoid colonies when fi^t uolated from the 
tissues, frequently lose the property of capsule formation during subculture on 
artificial media while other normally non-capsulated species may acquire a capsule 
under particular conditions It ma> bo noted that many coliform strains isolated 
from milk are normally capsulated Most of these strams belong to the inter 
mediate aetogenes-cloacai group but some undoubted strains of Bact coh form a 
capsule, and give nse to a mucoid growth on solid media It may further be 
noted that the presence of a capsule is not incompatible with active motility 
Conditions ol Growth — The members of this group grow readily on the ordinary 
nutrient media of the laboratory without the addition of any accessory substances 
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Colonies oo sgsr plslo alter 24 boors larger and flatter type of colony on agar 

(X 8} phlo alter 54 hoanfx 8} 


They are aerobic, and facultatively anaerobic though the growth is usually far less 
copious under the latter conditions The optimum temperature is for most species 
m the neighbourhood of 37® C , and the range over which growth occurs is fairly 
wide extending for most species fromabout42®C esan upper limit to I8®C or lower 
There are, however certain differences on behaviour that are of si^ificance from 
the systematic pomt of view Thus 5dct aeroyenes grows very poorly or not at all 
at a temperature of 44® C and differs in this respect from the closely related Bad 
coll Moreover, many strams of Bact aewgenes have their optimum growth 
temperatures nearer M® C than 37® C 

It happens that the nutritional requirements of sev eral species within this genus 
and the enrynue mechanisms that they employ in their attack on various substrates 
have been studied m considerable detail by the methods that have recently been 
introduced in the investigation of the biochemical actmties of haefena Mvny 
of the results obtained in these studies have been described and duicussed in 
Chapter 3 In the present chapter we may therefore confine our attention to such 
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reactions as are of value in identifyin**- the different species within the genus or 
in d stitgui*hi g between tlein. 

Tjrpe of Growth — The t}T>e of growth gi\ en 1 j the ^ arious species within tbs 
gei us IS % erj Minilar \ en normal smooth strains are grown m broth a uniform 
turbilitj- (le\elops increising rapsdl> dunng the first 12 to 18 hours of growth 
and then more slowly up to 4S to 72 hours Pellicle formation is rare and when 
pte ent is %eTy slight \ slight deposit forms as growth increases and this is 
easily dv«per«ed on shating the tube 

On agar the colonies ate relatively large withanaveragediameterof 2-3mBi. 
but vary considerably in sue. They may be circular raised and low convex, with an 
entire edge and smooth surface they maybe flatter with a more irregular surface 
and a more eBuse and irregular edge or they may assume the typical vme-Ieaf 
form which is commonlj de>cnbo«l as rharactenstic of SaJm li/pii Even with 
freshly i«ohted stnins the range of \anation is wide and when old laboratoiy 
strains arc under examination the nio't varied colonial forms may be «een. Apart 
from the possible appearance of rough variants a single stram may show several 
d fferenl types of colony if suwe^vo subcnltniea in broth are interspersed with 
phtings and <5u\wultute of individual coloniea 

\.a an exception to this general rule we may note that members of the Fned 
lander group when freshly uolated give nse to typically mucoid colonics The 
differentnl \a!ue of this cbaractemtic is (lunuu«hed by the fact that certain other 
members pirticulirly tho. c belongin** to the intern ednte-aerogeoe«<Icac» group 
may simihrh gne rue to this type of growth It is very common in strains 
1 olatod from ii ilk and is often fat on euhcolture in the laboratory 

Tliere are a few other growth characters which po«sea$ some differential value 
Tbii« we may cote the claa ical difference between the growth of Sal« t^Jii 
and Bact roll on potato the former being colourless aud bar^y visible the latter 
d pUvwg a characterisUc vellowish tint (Fremlm 1S93) Again there is the eo- 
called nail head growth of Fnedlandet « bacOJus when grown in «tah culture 
in gelatin due to the rai ed circular convex growth which ‘ometimes develops 
on the surface above the inoculation track hut this phenomenon is inconstant. 
CliTOJiiogene«i» is not a common |ropettv of the group but appears to be met 
with occa lonally m individual n embers, snch as the organism described by Parr 
(1937) under the name of Saet ourrwew It is a moot pomt, however whether 
such organisms should not be classified in the genus Chnmdbactenvm. 

Besistasce to Heat, and to vanous idiemical Substances. — hlost members of 
this group are killed bv exposure to a temperature of Sa" C. for about 1 hour or of 
60 C for 15-‘’0 minutes. Sofar as thev have at present been studied thevanous 
species withiu the genus do not differ from one another in anv significant way 
On the whole the typical fveal erJt •drams tend to have a slightly higher re*istaijc< 
to beat than the clo«elvreUted members of theintermediate-aerogenes-elcocff group 
A small proportion of them are not completely destroyed by exposure to fO*C. 
for 30 minutes in broth or to pasteurization at 6‘*S*CL for the same time in mSk 
(Henneherg and Tfeudt iVilsoD ei of I^Oo) Towards chlorine in water the 
aerfigenes tvpe tends to be alightlv mote resistant than the cdi or interTned.a e 
types (Bardslev ISSsh) In raw water stored under atmc^henc conditions coh 
form bacilli mav remain ahve for we^s or months. On the whole BacL aftogera 
tends to «urvive rather longer than Sad colt but the results are infineaced ttnoKC 
other things by the temperature («ee Platt 1935 Baghavachan and Tver 



HESISTANCE to beat, and to TABJOOS CBEHIOAL substances 659 

lu faeces stored at 0® C colifoim organisms mjijr be demonstrated for a year or 
more the coli type being often gradually supplanted by the intermediate and 
ofTogenes types (Parr 1938) 

There are certam chemical substances nhich exert a definitely selectiTe 
bactencidal or mhibitory action 

The typhoid baciUua is less resistant to the lethal action of mmeral acids than is the 
colon bacillus ^ mslow and liochridgo (1900) showed that the bactericidal eSect was due 
to the action of the dissociated hydrogen ions and found that the concentration required 
to bring about a 99 per cent reduction m the viable oigamams m a bacterial suspension was 
2 per milLon in the caas of Salm t jpit and 7 40 per million m the c a se of Bact eoli 

ilalachite green m suitable concentmtion kills Bail colt or inhibits its grow t h without 
everting the same effect on Salm iypfti (Loeffler 1903 1906 Lentz and Tietz 1903 1905) 
There arc other green djes that have a amulsr selective action , and more recent studies 
(see Brou ning Gilaiovr and Jfackie 1913 Kruomiedc and Pratt 1914) have shown that 
bnlliant grt^cn givea the best differential results To this dye the bacilli of the para 
typhoid group are most res slant the typhoid bacillus is somewhat leas resistant while 
thodysenterj bacilb andsfillmorethefnembersoftbeBoct cob group are very susceptible 

CBffeine(RDtb 1903 Hoffnianand Ftcker ]004)aDdM!uuis ch]onde(Gray 1931 Havens 
and 3Iay£eld 1933) are other substances that inhibit the growth of Bact colt in concentra 
tions that have no effect on the typhoid bacillus, while cholesterol (see Manfredi 1917) 
appears to inhibit the growth of typhoid or paratyphoid bacilb in concentrations that 
permit the growth of Bact coli 

Sodium desox>cholate m the presence of sodium citrate inhibits the growth of cob 
form bacilb while having bttlc effect on organisms of the Balmontlla and Shtgdh groups 
(lieifson 1035 Hj'nes 1942) Potass urn tellunte in aiutable concentration m the presence 
of iron alum is said to inhibit cobform and aalmooellae but not tbe Flexner dyunteiy 
bacilb (Uilson and BUir 1941) Selemum aalta were found by Baendel (seo Guth 1916 
Leifson 1936) to inhibit cohfonn more than typhoid bacilli and tetrathionate was 
found by HuUcr (1023) (see aUo Knox Cell and Pollock 1943) to have much the same 
effect 

Differences of this kind have not honwer been employed for tbe purposes of identi 
fication or classification They have on the other Land been extensively exploited in 
densing selective or ennehment, media for the isolation of the pathogemc species 
from fseccs or water They are considered from Una point of view ui Chapters 69 and 
92 

Biochemical Activities — From the first isolation of Bact coh by Escherich 
fermentation tests were found to provide the readiest method of distmguishing one 
species of Bacteriw/i from another It was soon found for instance that Bact 
coll actively fermented lactose while Salm typki did not (Chantemesse and 
Widal 1887, Smith 1890) , and the production of acid and gas from glucose by 
Bac’i bst o! acid alana hy Salm Sypin waa paiafed oat by Chanferoesse 
and Widal in 1891 The addition of a suitable lodicatoT to the test media to 
register acidity ^Vurtz 1892) and the introduction of the simple fermentation tube 
as a test for gas production (Smith 1890 1893 Durham 1898) greatly increased the 
facility ivith which a large senes of comparative quabtative tests could be earned 
out To dextrose and lactose other test substances have from time to time been 
added such as the heioses fructose tevuloae and galactose , tbe disacchandes 
maltose and saccharose , the tnsacchande raffinose , polysaccharides such as 
dextrin starch and inulm , the pentoses aiabinose and xylose the methyl pentose, 
thamnose , the hexahj-dne alcohols dnlcrtol and mannitol theglucoside saliciu , 
and the cyclohexanehexol mositol The reaction in litmus milk the presence or 
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absence of mdole production m peptone water, and the prodnetjon of hydrogen 
sulphide Iiai e sen ed as additional difieicntial entena , and other tests, such as the 
final pH attained in a dextro<e'Con(sining medium the natnro and amount of the 
gases e\ oh ed, or the production of some particular fermentation product, hai-c been 
cmplojcd as aids to differentiation within particular sub-groups 

It soon became clear that the presence ot absence of the power to ferment lactose, 
originally noted as differentiating Bact co/i from Salm ti/pht, corresponded to a 
fundamental line of cleai’age within this group The lactose fermenters were, for 
the most part, found to be normal inhabitants of the mtertinal tract of man or the 
higher animab or to exist on vanons plants or m the soil Ther were actire" 
fermenters of many carbohydrates, including polrsacchandes , they tended to clot 
milk, as well as acidify it , they frequently formed indole , and they tended to 
reduce \ aiioua dj es {Dunbar 1892, Rothbetger 1893) The non lactose fermenters 
tended, as a class, to comprise the pathogenic species, producing intestinal infections 
in man and animals , and the range of their fennentatire activity tended to be less 
eiten'iTe than that of the laeto*^ fermenters, though most species attack a consider 
able number of substrate^ 

This early division of the genus into two broad sub groups on the basis of the 
hetose fermentation has stood the test of time, although there are a few species or 
types for winch some intermediate position most be found As already noted, 
the genera 5<ihiione/hi and Shi$eUc bare been created for the more important 
of the non lactose feiinenters. These organisms will be considered m separate 
chapters. In the renumdet of the present chapter we shall devote onrvlves to 
a coQ'ideiation of the lactose fermenting organisms together with the indetcr 
nunatc group of paracolon hactUi, which appear to be more nearly related to the 
coliform bacilli than to the SaImon<Jla or ShigeUa organj<ms Thonsh no clear 
hoe of demarcation can be laid down between the cohform bacQli and the Fned 
lander group of bacilli it will be convenient to describe them eeparately 

The ColH-Aerogenes Group 

Biochemical Differentiation. — In his onginal descnption of Bati coh, Eschench 
noted the occuirence of two tvpes, one of which, Bad cob, formed relatively long 
rods was motile and clotted milk slowly.whfle the other. Bur# fetc/is aerojenw.fonned 
shorter, plumper rods, was non motile, and clotted milt more actively Kruse 
(1894) emphasized the heterogeneity of the group covered by the term “ B coh ” as 
usually employed, pointing out that it included a vanety of related species, widelv 
distnbuted as intestinal parasites and in water and soil The use of a relatively 
small series of fermentation tests, including especially dextrose, lactose, «ucrose 
starch iDuhn action on litmus milk,8od indole formation, reaultedia the recognition 
of certain pnmaty divisions within this group (RefiL 1896, Gnmbert and Legros 
1900 Durham 1901, Jordan 1903} One of the groups so defined fermented poly 
saccharides suchasstarchandinulin, and usually faded to form mdole, thiscorre 
sponded with the Bad (acJw oercsenes type iff Eschench and became established as a 
separate species, the lactis being usually omitted from the name The second and 
third groups differed from Bad aerogenes m failmg to ferment starch and muhn, and 
in forming mdole in peptone water They differed from each other la regard to 
theu action on saccharose One, coriespotrfiBgto the existing strains of Eschench’s 
Bad cob commune, failed to ferment this sugar , the other fermented it, and 
Durham (1901), who found it to occur more frequently than the saccharose negative 
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type, named it Bact colt commtmtuj The application of a more extended senes 
of tests resulted in further subdivision of this group, and elaborate classifications 
were suggested by vanous observers on the basis of the results obtained (Bergey 
and Deehan lOOS, llacConkey 1905, 1909, Jackson 1911) It may be noted that 
one important correlation between biochemical activity and natnral habitat had 
already been detected The Bad aaogena type was found to be a relatively in* 
frequent inhabitant of the intestine, hut was frequently isolated from certain grasses 
and from the soil, while Bact coli tonmime and Bact colt communxus were noted 
to be typically intestinal parasites (Winslow and Walker 1907) This correlation 
was of practical as well as of theoretical importance The presence or absence of 
“ B coll ” in water supplies, and the rclati\e number of this organism it present, 
soon came to be recogmzed as a verj taluable indication of tlic presence and 
degree of ffccal pollution (see Chapter 92), and it became %cty desirable, apart 
from any question of systematic cIai»ificatioD, to diflcrcntiatc between those types 
which were of intestinal origin, and those which might occur in unpolluted waters 
The investigations of those who have been primarily concerned with the practical 
aspects of the bacteriological analysis of water supplies have added materially 
to our knowledge of this group 

Apart from the merely positive or negative results, as regards and or gas 
production in the vanous sugars, certain observations made m tho earlier days had 
indicated a dilTeicncc in kind lietween the fermentation ol one and the same carbo 
hydrato by different strains of baciUi of the colon type Thus Smith (1895) using 
the method of the fermentation tube, noted that gas was produced more rapidly 
and IB greater amount by ihict acro^cnesthwhy Bad cch, and a rosgb estimation 
of the ratio of COj to Ift m the gas evolved showed that this was higher with the 
former onanism than with the tatter He noted also that the degree of final 
acidity was lower with Bad aetvgtnes than with Bact coU In both respects Bact 
cloaca, a colifonn organism isolated from sewage by Jonlan (1890) and diCeren 
tiatcd from all other types of colifotm bacilli by its power of liquefying gelatin, 
corresponded with Bad acrogcncj Russell and Bassett (1899) confirmed the 
diilerential value of a high or low CO| Ily ratio, and noted that the high ratio 
strains appeared to be normal soil forme, rather than intestinal parasites This 
question was placed on an entirely new footing by tbe careful quantitative studies 
of Harden and hu colleagues (Harden 1901, 1905 Harden and ^Valpole 1906) who 
showed that strains of coliform bacilli were divisible into two well defined classes 
In one, typified by Bad coll, the CO» Ht ratio of the gas evolved gave a value 
closely approximating unity In the other, typified by Boct oer^enes, the CO* H* 
ratio gave a value of 2 1, or thereabouts These observations have been amply 
confirmed by later ohserv ers 

Voges and Proslauer (1893) bad desenbed a colour reaction given by certain 
bacteria, but not by Bad roll It is obtained by adding a few drops of a 
strong solution of potassium bj diate to a cnltuie grown in a dextrose medium In a 
positive reaction a red, fluorescent coloration appears, which may develop relatively 
slowly Tho nature of this reaction was elucidated by Harden and his colleagues 
(Harden J906, Harden and Noma J911) who showed that it depends on the pro 
duction of acetylmethylcarbmol (CH, CHOH CO CH*) , this, m the presence 
of alkali and of atmosphcnc oxygen is oxidized to diacetyl (CH* CO CO CH*) 
which reacts with the peptone of the broth to give the red colour 

This reaction had been applied to the examination of the colon group by some 
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ol tie observers relerwd to above, ajid xt bad been noted that Bad aeregenes as 
opposed to gave a positive leaction (Durham 1901) JlaiKkinlev (1V)9) 

observed the great preponderance of ^ oges Proskauer negative types among strains 
isolated from the fsces positive reactions were given by 11 of 173 strains tsola ed 
from human feces, S of 67 strainsfromtheiscesof the hor«e and none of 67 strains 
from {sees of the calf goat pig or goo«e 

The fundamental importance of the Toges Proskaucr reaction, and of the 
CO* H, ratio as compared vcith the pte«<nc« or absence of fermentation in par 
ticolar carbohydrates other than lactcxe aaa not however realized bv the eaiiier 
investigator* so that the reaction was simply assigned a place among «ome «e3ected 
senes of tests and T P positive and V P negative strains were often allocated to 
the same sub group though it was noted by Howe (19W) during the eiaminatioa 
of strains of Uclose-fennenting bacilli derived from water that there was almos* 
perfect correlation between a positive \ P reaction and the abihty to produce 
Urge amounts of gas from dextrose 

Pctmschhy (1&.9 1890) made the first attempt to measnre by titration the 
degree of acidity produced by various members of the cob typhoid group wh3e 
‘^mith (1895) as noted above caDed attention to the low acid production of Bad 
aengents as compared with Bad coli A great advance in the investisabon t4 
this aspect of bactenal metabolism was marked by the introduction of indicatcm 
which rendered possible the readv determination of the bvdrogen ion 
concentration attained during the bactenal fermentation of any test jutstasee. 
Clark and Lubs (1915) on this baas, devised the znethv) red test for the diSeres 
tiation of membw of the cob typhoid group The addition of this mdicator to 
five-day cultures in dextrose phosphate peptone water distmguuhes between 
tho«e strains wbch produce and maintain a bgh concentration of hydrogen ions, 
and those which produce an uutial lower concentration of hydrogen ions and then 
cause Rvetsioa towards neutrabty by the further decompostioa of the organic 
acids to carbonates, and perhaps by the formabon of ammomom compounds from 
proteins The former tv^ such as Boet eofi give a red colo’^bon and are lefetied 
to as methyl red posibve the Utter, such as Bad aengmes give a yellowish 
colour and are lefeired to as methyl red segabve. It soon became dear that thm 
was a very high negative cozreUbon between the methyl red test and the Toges 
Proskaucr reacbon (Levme 1916a b) and a «enes oi intensive etudies soon placed 
on a firm foundabon the condunon, already propounded as a tentabve hypothesis, 
that the Uctose-fermentmg cobform baoUi could be divided into two pmnarv 
divisions on the basis of the CO* H* rabo the Toges-Proskauer reacbon, and the 
methyl red test. The -first of these, containing strains giving a CO, H, rabo of 
about 2 1 V P po®ihve and MJL negative comprised the great majontv of tie 
strains isoUted from plants gram, and onpoOuted soil or water Such strains were 
ceUbvely infrequent in material ohtamed from the intestine* of man or animals. 
This group could be further subdivided, on the basis of geUtin bquefacboa, into 
the non bquefying form Bad aervgenes and the much les common bquefving form 
Bad doatyr The second group oontammg strains giving a CO, H, rabo o' 
approximately 1 1 T P negabve and MJk posrtive, contained the great majortv 
of those strains isoUted from the intestines of maa or animals , as exemplified bv 
Bad coll commune or Bad ed}i eommuntus This group was found to be further 
divisible on the basis of tbe ordinary feimectahon tests, along lines which wifl 
be considered later (Keyes Bogeis did. 19H 1®15 191** Johnson 1916 



TJIE COLT ABROOEASS OROVP 663 

lIu\ton 1916, Levme 1916c, d,1917, Biirtoa and Bettger 1917, Chen and Eettger 
1920, IVinslow et al 1919, Bardslej 1926, 1934, Pawan 1931) 

Besides the division rendered possible by the tests we have just outhned into 
a cell group on the one hand and an aengenea-cloaca; group on the other further 
work revealed the occurrence of a third group of strains possessing properties 
intermediate between those of the two mam groups This gronp is, as yet, not 
completely defined, and is therefore most conveniently referred to as the inter 
mediate ” group Brown (1921) drew attention to the usefulness of a medium con 
taming citrate for the dUTerentiation of Bad coh from Bad aerogenes Koser (1923, 
1924, 1926a, b) devised a synthetic medium in which citrate was provided as the 
sole source of carbon He found it possible to differentiate coWonn bacilU into a 
MR +, V P — , citrate — cob type, a M R — , V P +, citrate + aerogenes type, 
and a M R 4*j V P — , citrate + intermediate type Ejaramation of 104 sod 
strains from fields subjected to only chance pollution showed that 23 1 percent were 
of the coll, 67 3 per cent of the aerogenes, and 7 7 per cent of the intermediate type 
Further work in numerous counttica soon rc\calcd the value of this test in diffetenti 
ating the intermediate from the cob group (see Bardslcj 1926 1934 Pawan 1931) 

As pointed out bj \augbn MitchcU and Levina (1039) and Lcvmo (1941) it is advisable 
to enny out the melhjl red test on a culture incubated for 5 dajs at 30* 0 and the 
\ oges Pfoakauer test on a culture incubated for not more Hum 3 days at 30® 0 At 37* 0 
cultures of tonw etrams of the ncfsagenes eUmoz group may fad to revett to alkaline and 
acctyJnjcthylrarhmol is citlicr not forniwl or is dcatro^rd (sco Tittslcr 193S) Some 
of the discrcpincics In the literature are doubtlcsa ascribablo to carrying out theso tests 
under iinfavoural to conililioa^ Special precautions havo also to be taken with the 
ntrato test It may be noted that, according to a number of aulbon (Khne 1033 Stuirt 
Gnffin and Baker 101S Parr lOSO GnIBn and Stuart 1940) some strains of Baet cob 
mat acquire the po«rr of utilizing citrate 

In Table 40 we liiitc summarized the results recorded by various observers 
(see Bardsley) with regard to the percentage of strains isolated from difierent 
sources, which give the particular reactions to which we ha\e referred We have 
included the indole reaction becaose recent work suggests that it la particularly 
significant in relation to habitat It will be noted that figures are available for all 
tests only in the case of the strains derived from animal feces , but it may safely 
be assumed that the strains with a high gas ratio would have given positive V P 
and negative MR reactions, and Vtee versa 


TABLE 40 

Snovri*ia THE pERcEvTAaE Of Lactosb fianEBTi^ Coufonu Bacilu from various 
Sources which oiv* the Rworioirs ihdtoatxd (various Authors) 
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VP + 
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CIttate + 


2 1 
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Fsccs (human and animal) 
Sewage (and similar matenal) 
Soil 

Graases and grama 

14 37% 

05 18% 

8562% 

0040% 
82 74% 
14 

7 87% 
17 26% 
6024'’o 

93 OS^o 

33 40'’o 

6 71% 

89 6% 
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Numerous other tests have been used for the differentiation of members of 
this group 

The fermentation of cellobscse a glocoside denred &om cellulose (see Jones 1024 
Jones and Wise 1926) has been reconiin«ided for distinguishing Bad aewgenu and 
intermediate strains which ferment this substance from Sact coli which fails to do so 
(sec Koser 19‘’()c Tittsler and Sandhober 1936} Too much reliance should not bo placed 
upon the result of this test m the identiScatioa of udivtdaal strains Batty Smith (1942(i) 
for example who examined 600 strains of coliform bacilli fonnd that about 10 per cent 
of B<7 c{ coll strains fermented ccUobiose and that about one thud of tl e mtermediate 
and acTO^enes stra os were without act on upon it 

The production of H^S m a protcoso peptone feme citrate agar medium uas found 
by ^ augbn and Levine (1034) to be charactenstic of intermediate strams Further 
observat ons by the same authors (1936o b) showed that if cysteine was incorporated 
in the med um a h gh proportion of all coliform strains produced HjS and that even 
without ciateine the res ilt was greatly influenced by the concentration of agar If 
this test is to be of differential value strict attention must bo paid to the exact compos t on 
of the medium 

Leiiton (1933) observed an almost perfect correlation between the V P reaction and 
the fermentation of sodium malonate 

The fermentation of polysaccharides such as starch by the nerc^nea group was pointed 
out by Thnham (1901) and conflrroed by Levine (1618) It has been made use of by 
11 J Wilson (1933) in the preparation of a medium for distinguishing Bad turogtnet 
from Boct coli On the other band a medium conteisdng aodium sulphite and rosche 
acid in certain proportions and another contauuog hexanunr are said to favour Bad uh 
at the expense of Cac< aero^ents (Wilson IV J 1933) 

For the differentiation of Bad aengmes from Bad clcata gelatin liquefaction and 
the production of ac d end ges from glycerol and etarch are of cteef value (Levine 1916) 
Bad atrogenet is gelatm — glycerol + etaicb +, and Bad cloaca gelatin +, glycerol — 
atamh Intermediate strains ate said to be differentiated from atrama of eoli type 
not only by their production of If^S but also by their abiLty to form tnmethyleneglyeol 
in the anaerobiQ fermentation of glycerol (see Werkman and Gillen 1932) 

Besides the effect on carbohydrates mtrogeo utilization has been explored in an attempt 
to discover rebible testa Koser (1918) (%en and Rettgcr (1920) and numerous sub 
sequent w orkers (see BarcLIcy 1926 1934} found that atrogeaci strains were ablo to utilize 
tme and as their sole source of nitrogen whereas strains of the cofi and mtermediate 
types were not 3fore recently Ulitcbell and Levme (1933) have examined other sub 
stances such as yeast nucleic acid allnntom hydantom uracil, and urea. Th^ find 
that aeroycnes strains can make use of all (be^ substances as their sole source of nitrogen 
but that intermediate stra ns can use only urea and eofi strains only nracil 

Considerable help is afforded by a test introduced as long ago as 1904 by Eijkman 
(1904 1914) who found that coll tmi not oero^enes strains weta able to form gas m 
a glucose broth medium incubated at 46® C This test has had a chequered career 
having been reported on favourably by some workers and utterly condemned by 
others Eetent work (see Levme et dl 1934 Wilson e( al 1935) has rendered it 
clear that the success of the test depends on exact standardization of the incubating 
temperature which must be adjusted to 43®-45® C in the meJiKwi itself The only 
satisfactory means of doing this is to incubate the tubes in a constant temperature 
water bath The differential value of the test is greatly enhanced by the replace 
ment of glucose by lactose Our own ei^nencc suggests that MacConLey's lactose 
bile salt broth is the medium of choice Usuig this medium in the way described 
it was found that of 193 M R — citrate — , indole + attains 180 gave 

a positive 44® C MacConkey leactton whereas of 303 other strams 40 of winch 
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belonged to the indoIc-negativc eoU gionp only 10 did so The value of the 
method has now been amply confirmed (sec Mackenzie and ILlton Sergeant 1938 
Dodgson 1933 Bardsley 193Sa Clegg and Sherwood 1939 Perry 1939 Raven 
Pcdcn and "Wnglit 19iO Fcrramola 1940 Clegg 1941, Sherwood and Clegg 1942 
Batty Smith 19126, Stuart et al 1912) Two discordant reports on the value of 
the test La\c appeared Raghaaaohan and Ijct (1939a) found that about 50 per 
cent, of aerogenes like strains in 'Madras waters and Boizot (1941) about 10 per cent 
m Smgapoto waters were able to produce gas in 3IacConkey broth at 44“ C 
Possibly this may be due to a higher optimal temperature for growth of aerogenes 
strains in the tropics than in temperate climates With this reservation howei er 
wc may say that the 44“ C MacConkey test appears to be of greater value 
than any other single test in picbng out tj^pical fajcal coh strains 

There can, we think be no doubt that the pnmar} division of the lactose fer 
menters must be made on the basis of the gas ratio, methyl red Voges Proskauer, 
and citrate tests By this means we obtain a primary classification into coZi, mter 
mediate, and a«f 0 ffc«« groups The secondary division is more difficult From 
an ecological standpoint n c 1. eheve that the indole 44® C MacConkey and gelatin 
liquefaction tests afford the most satisfactory grouping but from a systematist s 
point of view there is much to be said in faaour of classification on sugar reactions 
Taking the firot method of grouping we may note that about 93 per cent of strsms 
from human and animal feces prodace indole, and that about 95 per cent give 
a positiN e 41* C MacConkey reaction On the other hand mdele negative and 
44* C MaefJonkey negative foxat strains are nneonmon A positive mdole test 
given by a citrate negative strain or a positive 44* C MacConkey test given by 
any strain is therefore strongly suggestive of its fscal origin Though both 
intermediate, aetogenta and cloaca strains are often present m mammalian feces 
in small numbers (Cruickshank and Cnuckshank 1931, Parr 1939) the balance 
of evidence strongly suggests that id this country and in the TJiuted States (see 
Griffin and Stuart 1910] these organisms are primarily of non fiscal origin Their 
mam habitat IS still in doubt but they arc found most often in soil grains grasses 
food staffs and decaying vegetation The cla'e^ification reached by this method 
IS of special value in the interpretation of water analysis tests and is depicted m 
Chapter 92 

With re^rd to the second method of grouping the test 8ubstsQC<>3 that have been 
accorded special pronunenco arc saccharoee dulatol and sahcin the value of the last being 
emphasized by Kligler(19l4o 6) and by Lerine (1917) Winslow Khgler and Rothberg 
(1010] in their excellent review of tbo classification of the whole eoh typhoid group 
ccnelade that the tvpes set out in Table 41 under theif appropnate names are the only 
ones which arc suiliciently well established to ment separaU consideration 

It will bo noted that although the rcactionsindulcitol and adonitol ore included in the 
tabic the species are adequately defined by the reactions m saccharose and sabcin together 
with the presence or absence of niotihty It wiD also bo noted that Bact eoscoroba differs 
from Bael colt comm mas in being non motile Baet tmmobQe from Bad eoti commane 
in the same waj and Bad yrunlhat from Bact ocidi lad a only m bemg motile 
Winslow and his colleagues cipreas the view that the presence or absence of motihty 
taken alone does not justify specific differentiation ai d they sut^pst the recogmtion 
of four species Bad neapol lannm Bad toian ainus Bad eoh con m ne and Bad 
aeuh-ladiet regarding the eo-fcordta tttmobilr and grunihal types as vanelies of the 
corresponding specie*. This appears to «w a who and conservative view We should 
ourselves prefer to narrow the limits etiU further regarding Bad colt as a single species 
and placing the neapol lanum eommvnttu commt ne and oci li lad ei types as varieties 
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TABLE 41 

FeRMdTiTiTB Ttpbs of Bta cell ('R’lnalow rf oJj 



SiMluniM 

S4Uda 

Daldtol 

Ado&ltci) 

VoUUtf 

Bacl ntapolilanvm 

AG 

A.C 

_ 



Bail tdv communtu# 

AG 


A.G 



1 Bael coicoroba 

AG 


AG 



Bad cohto’nmune 


A.O 

A.G 



Bacl immobile 


A.0 

A.G 



Bael acidi ladtct 






Bad ffTvnOtal 




A.G 
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Serological Differeotubon —Several attempts have been made to study the 
autigemc structure of various strains of Itaet colt by the method of agglutination 
The results display an estreme heterogeneity of antigenic factors (Ifacfcie 1913 
^Iirra 1936 Bredenbroker 1933, Stuart rt al 1910) In some instances, as m the 
h®molvtic strains of flaet coJ» isolated by Dudgeon from cases of acute urinary 
infection, there is evidence that antigenically homogeneous groups mar be related 
topaTticaUrmfectiveconditionslDudgconeJoI 1921,1922) The same «ng"estioa 
IS apparent in the work of Lovell (1937) on Boct co/i strains isolated ftotu calve# 
that bad died from white scours Using the precipitin test, be obtained evidence 
of the existence of two antigens* one, a soluble *pe<uSc carbohydrate substance, 
associated with the capsoJe and probably similar to or identical with that pre- 
viously de cnbed by D E Smith (192U , the other, of undetermined nature, 
eo&Uiued la the body of the baciUos Of 110 strains from 45 calves, he was able 
to place 79 m one of eight different tvpes It is interesting to note that some 
cohform strains contain 0 or H nntigend found in members of tbe Salmont}!a 
group (see Chapter 30} The detailed antigenic analysis of the cohform bacilli 
remains for future study 

Stamp and Stone (1941) have de«cnbed the pteecnee of a common autigen— 
referred to as the a antigen — m many member? of the cohform and paracolon 
group It IS more heat stable than the H antigen, withstanding a temperature 
of 75® C for 1 hour, hut leas so than tbe O antigen, being inactivated at 100’ C 
m 15 minutes It is destroyed by exposure for 1 hour to alcohol at 65’ C It is 
commonest in recently isolated strains, and tends to be lost oa subcoltuie. Agglu 
tinins to the a antigen are not uncommon in rabbit sera, and may lead to confusion 
in the identification of suspected pathogenic oiganisms 

Pathogemnty — ^The majority of the lactose-fennentmg cohform baeflh appear 
to be non pathogenic under ordinaij condition? The V R — , VJ -f- group 
have their normal habitat on plants, the MR +» — i citrate group 

appear to hve m tbe soil , while the M R -f, V P — , citrate — forms are normal 
intestinal parasites Under abaormal conditions these baeflh may cause scute 
or chronic infective legions in the tmnatv tract, or el ewhere (see Chapter 67) 

It «eem3 probable also that they may sometimes play a part m the causation of 
enteritis, in man or m animaU, though their role appears generallr to be a tecondaiy 
one. There is, however, some evidence that, in iiewlv bom ammaLs, the advent 
to the intestine of Bad coh, or of particular races of this organism, may result 
in a local enteritis or even general septicwma Smith and Little (1922) and Snuth 
and Orcutt (192o), for example, attnbnted the di»eia«e in newly bom call es known 
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ns vhtte tcours aiuj the fatn! FCptJciMnia that may sonielimea accoiripany it to 
infection with lUtcf colt (sco nl«o Ix»\cH 1937) They found that the disease was 
prone to occur in cal\ es KhI on milk instead of colostrum It h possible that the 
neonatal dtarrlKr i of human infants maj result from the access to the intestine of 
specially Mrulcnt forms of cofi I ntthoaaailatle evidence is as yet insufllcient 
toalTord conncfion («co Chapter 71) According to Gwntkin, LcGard and Ifadwen 
(l‘'3S) bonne mastitis mvj occasionallj bft due to cotiform bacilli 

The pathogenicity of most struns for lalramtory animals is low Verj largo 
do<cs a Immistered intnpcntoneall) to the mou«c, or mtravcnousl} to the rabbit 
maj prove fatal , but it seems Iiicelj that denthresultsm these cases from a toxrcmia 
rather than from a true infection Occasionally strmns of greater virulence are 
found 

Sevcnl otivrvers have described the prcseoco of soluble toxic substances in 
voung I rolh cultures of flirt roll («re for instincc Steinl erg and hiker 1926 
‘'niitii and I ittle 1927 ‘'iiutb 1> I 1927 Rennebaum 193 ) But most of 
the*e toxins have j rov c«l to l>e heat stal le an 1 there is no rcison to believe 
tl at thej diflor from tl e toxic components tl at cm I ecxtricled in larger quantity 
from the liaclenal cells ^incc tlere is at the moment no clear cndcnce tint 
the toxic fid «tnnces tlml can I e cxiractcil fr m tl e colon bacillus differ in Ibeir 
action from tho«c of other species withm this genus, a discussion ns to their prol able 
natun. mav l>c dcftrml to a later fcction 

The FnedUoder Group 

There are certain species of lactose firmenting coliform I icilli which cannot 
readilv Iw placed m an) of the groups which wo have differentiated above There 
arc, for instance the so*calIed capsulvtcd bacilli including Friedlandcta pneumo 
bacillus Al>ei s bacillus of n&Tna the bacillus < frhinoscleroma and others There 
appears to Im a prc|x}n Icnnce of o( inion that the organisms of this group arc in 
some wa) rcUteil to Rart acrojencs j nnct| ill) lucause that organism is somctitncs 
capsulstoil , but the fermentation reactions Bsdescn!K*il by those who have isolated 
and studied these capsulated coliform I arilli appear to I e extreme)) variable and 
several observers have rcconlcil the femientation of mccharosc but not of lactose 
The balance of ondciicc suggests that these strains should l>o inclu led in the genus 
Barienum but it is ronvenicnt in Ibe roeantiroe to consider them in a separate 
sub section of this group 
Gitocr CiuRicrmisTirs 

SI ort non motile n n sponng caps itatcil Onm negative rods, giving a profuse 
mucoi 1 pToolh on solid media anJ usnsMy fermenting carbohydrates with the 
production of sei 1 and gas Lsuat but lint, rwp mtory tract of man and certain 
animals 

Under the general term li miicojus eap*ttlalus a largo number of organisms 
have been dcscriliod with the characteristics enumerated above V rnsch in 
1882 isolated a capsulntcil I aciUiis from jatienta with rhinoscleroma In I8S3 
rncdl&nder cultivated a similar orgamsm — generally known as Friedldnders 
bacillus or Ihct fntdl im/cri— from the loogsof patients who had died of pneumonia 
Loewenberg m 1691 an 1 Abel in 189C cnltlvatc^ n aiinilar organism from the nasal 
secretion of patients with ozama Ikstdes these, several o^amsms Lave been 
described by other workers such as B pseudopneumonxcvf Passet B canafw 



BACTERIUil 


6ftS 


eapsulolus Mon Proteus eapsulatus Bordoni Uflredazn B capsvlatus 

PfeiSer (Pfeifier 1889) B mueosus caps^alus Panlsen B crassus spul\gmus Krei 
bohro B buccalis mvctfeiens Millei tbe iMurillus of sputuia septicaciia Miller, 
the granuloma bacillus (Small and Julianelle 1923) Baderxum trweogenum (Edwards 
R T 1905) B cn^u7fl?i« (TVnght and MaUorp lS9o) and KlchsteUa jxiralji ca 
an orgamsm isolated by Wallace Cahn and Thomas (ID33) from a paralptic ticL 
borne disease of moose (For references see FncLe 1890 Bamforfh 1928 ) The 
ozsna bacillus de»cnbed by 4bel must not be confused with the non-capsulated 
coccobacillus desenbed by Perea (1899) (See Chapter 19 ) 

Hsbitst — Fnedlanders bacillus appears to lead a parasitic existence The 
commonest situation in which it is found is the respiratory tract of man. It is 
an occasional inhahitart of the nasophaiynx , it is fonnd in dtNeased conditions 
of the no«e such as ozsna and rhinosclerozna and it is sometimes present in 
the longs in pneumonia influenza bronchitis bronchiectasis tubcrcnlo«i,« and 


I ' 
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Fig 142 — FruSlatuier t Baetlht* 
From an Sgsr cnllare, 24 bonre 3 *C 
■bowmg capsntee (X 1000} 



Fig ]43 — DaetUiu 
Siufsce eolooT of mneoid tfpe on agar 21 
hour* arc (X 8} 


other diseases It has been isolated from a large number oi suppuratire con 
ditions in diflerent parts of the body.such as pleurisy appendicitis, cystitis pyelo- 
nephritis ulcerative endocarditis endometritis, brain abscess and general 
septicsemia (Perkins 1904) and was foond by Dudgeon (1926) m 5 5 pet cent, of 
fsces examined from normal and abnormal conditions 

morphology — In the body the orgamsm generally takes the form of short 
ovoid diplobaciUi surrounded by large capsules looting not tmlite pneumococci 
In culture it 13 pleomorphic The usual form » a short straight thick rod about 
1 2 /r long and 0 8 /i wide with paralld or bulging sides and rounded or slightly 
pointed ends The bacilli are usually in pans end t<xnd or arranged singly 
Besides this form there are several others of most varied appearance — thick curved 
sansawe forms clubbed forms long sinuous filamentous {arms long straight rods— 
staining regularly or irregularlv In roost strains the organisms are surroundetl 
by a capsule apparent in culture** which can be demonstrated bv Gram s stain 
or by any of the ordinary capsule stains In some strains however the organdies, 
instead of bemg individually cspsolated are embedded m an interstitial mucoid 
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substance winch stains less intensely than the bacilli There are moreover, non 
capsulated variants which morphologically and culturally resemble the cobfotm 
I acillj , these often become predominant in old cnltures The organisms are non 
motile and non spormg They stam easily, sometimes show bipolar staining and 
are Gram negative 

The capsule of these organisms is formed not only in the animal body but in 
culture To demonstrate it in body fluids it is sufilcient to fix it by heat and 
stain with carbol fuchsin or methylene blue To demonstrate it in culture it is 
advisable to suspend the bacilli m a low dilution — not higher than 1/5 — of serum, 
dry in air and fix in a saturated solution of corrosive sublimate before staimni' 
(Toezimessen 1912) 

Chemical cxammation of the capsule has revealed the presence of a mtrogen 
free carbohydrate material which according to Toenmessen (1921) and Kramdr 
(1921) IS a polysaccharide of galactose , but Heidelberger, Goebel and Avery 
(1925) regard it as a polysaccharide contauung glucose The capsule appears to 
consist of gum. This substance may be separated from the bacilb m the following 
manner (Toenmessen 1921) The organisms are dried, suspended m water to 
which 1 per cent £OH is added, and heated until the gum covering passes into 
solution On cooling the undissolved bacilli form a sediment and the opalescent 
supernatant fluid la pipetted o6 This is acidified with acetic acid and 
3 volumes of 91 pec cent alcohol are added when a heavy precipitate of the 
gummy substance occurs , this precipitate is purified by dissolving it in distilled 
water and re precipitating it with acid and alcohol In the pure state it is a loose 
snow white powder, giving an opalescent solution in distilled water acids or 
alkalies , it is free from nitrogen and does not reduce Fehhng s solution It has 
special antigemc properties which wiU be referred to later 

Cnltnral Keaciions — One of the charactenstic features of this group is the 
luxuriant, greyish white, mucoid almost difBuent growth on agar This results 
no doubt from the presence of the gummy envelope around the bacilli contaming 
a high proportion of water — 92 per cent (Toenmessen 1921) The condensation 
water on an agar slope is converted into a greyish white mucoid mass In broth 
the organisms grow freely, giving nse after a few days to a marked viscosit) so 
that the medium takes on the consistency of melted gelatm Great stress used 
to be laid on the nail headed growth in stab gelatm cultures , a circular convex 
growth may occur on the surface with a filiform growth in the stab the whole 
resemblmg a round beaded nail This appearance is not constant and la given 
only by some strains , it depends too on the amount of gelatin in the culture , 
with small amounts about i per cent , the surface growth is flat (Fnedlander 1883) 
There is no liquefaction of the gelatin but often a large napiform bubble of gas 
accumulates just beneath the surface, givmg on first sight the appearance of bque 
faction On potato there is a moderate creamy yellow mucoid growth later 
turning to a bull or bght caf4-au lait eolonr 

The cultural appearances of the Fnedlander group are subject to considerable 
variation This is due to the production of variants which have difierent forms of 
growth from the parent strain Toenmessen (1913) found that when the usual 
mucoid type was kept in the incubator and subcultured every few days non 
mucoid vanants rapidly appeared As the onginal colomes grew older white, 
more or less translucent penpher^ sectors developed, which on microscopical 
examination were found to consist lar^y of non capsulated bacilli , these could 
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be subcdtnred, and obtained pnre. The growth o! these non-opsnlated bacOIi 
was no longer mncoid, but Tcaembled the growth ol Bad toJi R^gresson to 
mucoid type might occur — often mddenly As well as this non tau«nd type 
Toenniessen (1914) later ol»erred three other rsnanta Thomucod cajenia ed 
type may be regarded as the smooth form, and the non mucoid, oon-capnila^ 
type as the rough form of Fnedlandera bacillus (Joliacidle 19^G5) Disocutioa 
may taie other fonna. Thus accoidtng to our own ob->errations, secondarr 
colonies may appear m the eub^tanoe or on the surface of the ongtsal colonies 
or there may develop a jeUy-iile translucent penpheral fringe showing eLg^t 
radial «tnat30n , or sometimes the whole colony mav diy up and wither awar, 
leaving an cfTuse tranrparent larer looking like ground glass — aptly call'd hr 
Collins (19’i) suicide colonies Bebam (1912) Hadlev {in’”) and Go?hn;« 
(193-j) have recorded similar ol»^rvation=. 

Eestttaacg and Bletaholisni. — The orgamsms are kill'd bv mo «*- heat at Sj" C. 
in half an hour Thev may samve drying for months (Loewenlierg 1®9I) If 
kept at room temperature cultures remain viable as a rule for weeks or moads. 
They are aerobic growth under stnctlr anaerobic conditions is vcrv poor There 
IS no hamoljEis ol hor^ s or dieep s red cells The optimum temperatme for 
growthis37®C lheliimtsateI2®4nd43'’C Some strains form a slightiv brownish 
pigment, most eaailv produced by growth on potato 

Biochemical Reactions.— The fermeoUtioa of «ugm by membins of this group u subject 
to consderabb ramtion (CLunnont IVrkins lOO* Ediranls 1^ i91i^ 

FiUznsH 1914 Coulter 191* ^mall and Johanelb 19S3 Bamforth 1924 Ed «a nU 192S, 
lyw Juliaoelb 1930 l**3o Elbert and Goerkra 1930 Hay 193i Wallace Cain and 
Thomas 1933 3Iomsaad JoLaneOe |43f KLeweand H5ul93o I93d Goajncf 

1934 (Mennanand Rettger 1941) llanv strains prodBcsaad and gaa in glocDse maltose, 
maonitok lactose sucrose and aalion. Sevnak bowerer donot attack lactose and oth'^s 
either do not fermeot ractoeo or fenoent it bte. Gas snav be fonsed rapidlv or not fiit 
eeveral days some strains do not fonn gas. OceaaonaSv do sugars arc fermented, bat 
this lack of fennentabre abiLtv u uncommon except m strains that have been rnlcclrard 
for » long tune in the laboratory In litmus milk also the reaction of different straiaa 
vanes. GeneraDv aad and dot are formed, but manr etrauu do not p^uce stiETOit 
acid to preapitate the caseioogeo, whilecome strains produce no chang'* at aD. TheEtsus 
IS occasionaffr decolonzed. 

There a fairly general agreement that biodmmcaJ reartwas do not ^oid an ade^pate 
basis for dassiScation, emoe most workers hare been unable to discover any coostant 
relationship between the baxhemicai actjntiee of a given strain and lU soarce of reign 
or antigemc structure Goslmgs (1*134) and IWIenga (193-) bowcver coosider it 
to distingULh three species on the tissw of bsocheoucal activitv (a) The lea** aeore 
and the least variable compnsca the rfaiaosderoma strains, which have the following 
reactions they form no gas hom carbobydiates thev produce acid m glu-nse, malted 
mannitol, and adonitol m 24 bonre, m socroee within 10 davs and sometimea in glvrerd. 
they do not fennent lactcee dolatcd. ot amrgdalm within 3 dara, they .have no acton 
on litmus n>ilt| thev nruaUy prodooe alkali tn nentral peptone water in 10 days, thev 
are 31JI. positive and TJ negative thev do r»t grow in citrate of d tartrate thev do 
not grow m fresh ox hOe and th»v form no HJS (6J The aecood group ootnjaiaag the 
ozsna strains, la similar m most rrepects but there is mre« vanahllitT between tb» diSrenl 
members. Jlost strains to prodooe gas from carbohvdrates, but eome do thev 
produce acid and sometuMS gas fonn glncoee maltOGO maimitol. and »dimi.ol m 24 hous. 
many strains from lactose or ainvgdalin snthia 3 days, but tie majontv fad to fennen 
sucrose within 10 days and none femseits dolotc^ many strains js^uee acid and soex' 
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times dot in litmus milk, the^ usually prodnoe Alkali In neutral peptone water m 10 days, 
they uro M R posiliro and \ P negative mme strains grow m citrate, meet straimi grow 
m fresh oi bile, and many stmina form 11^ (r) The third nccortling to GosLngs (1D3J), 

ccinprtaca the rnwllander nnd lS/>rl otrogenet Blnttu TJiewe are the meet actiro bio- 
cLcmieally, growing freely m fresh bile |rodncui(, gas from carbohydrate media fenaentmg 
lactose and amygdalm witlun 3 days and anerosc within 10 daj-s, turmng neutral peptone 
water cither shghtly acid or alkaline miucuig litmus, utilizing si^utn citrate and d tartrate 
but not forming lIjS De GraafI (1930) and Wieicnga (1037) would distinguish Fncd 
landers bacillus from Bad atrog^nta though they are not in complete agreement on 
the cntcna that should be used for this purpose 

Of reactions not studied by Goslings or WieleDga the indole test u generally nega 
tivo , mtratea aro reduced to rutntes , ammonia is formed from peptone , mctfayicnc 
blue IS generally reduced la broth, gelatio is not liquefied, and there is usually an 
abundant production of cataloac All Uiecc reactions, however aj ] 1y mainly to Fried 
Under and aerog^nta strains , the behaviour of rhmosclcroma and oz'cna strains has been 
less thoroughly studied According to Ilay (1932) one of the moat characteristic features 
of the tnucosifs eapaulatua group is their abihtv to ferment moeitol but tins is bkewiso 
shared by Bad aeroganea 

Antigenic Stroctnie — Till quite recently no aatisfactory division of the Fried 
Under group had been made on the. basis of antigcmc structure The mam difficulty 
was due to the fact that, though injection of the capsulated baoUj into rabbits 
IS able to giro rise to an agglutinatmg serum, this scrum has bttic action 
except on Q 0 Q*cap 8 ulatGd organisms , several attempts were tberefore made to 
rid the bacilli of their capsules Forges* method (1905) was one of the most sue 
cessfol no suspended so agar culture in 10 ml of sabne filtered through paper 
mixed It with a quarter of its volume of K/4 HCI solution, and heated for 15 minutes , 
It was cooled rapidly, and neutralited with K/4 KaOH solution The resultant 
suspension was homogeneous and non viscons, and agglutinated with a specific 
immune serum Though this method undoubtedly removes the capsules it often 
renders the bacilli spontaneously agglutinable or agglutmable by normal serum 
Streit (1906) found that if the bacilli were grown on potato or potato ftgar they 
gradually lost their capsules, and became more ogglutinablo Small and Juhanelle 
(1923) obtained the same result by growing them on agar for 21 hours storing 
the Cultures in the ice chest, and subcnllunng monthly , after 1 to 2 j ears many 
of the strains bad lost then capsules Agglutination tests made with non cap^ulated 
banlli obtained in these ways gave, however, very inconstant results nor could a 
method of analysis m which the natural capsular antigens were disregarded be 
accepted as satisfactory (Streit 1906 Deham 19(2 Fitzgerald 1914 Coulter 1917 
Small and Juliancllo 1923) 

Further work in America (Avery et al 1925,ncidelbergct el al 1925 Juhanelle 
192Ca 6, c) has largely cleared up the confusion It would appear that the ini 
munological reactions of the FnedlJnder group ace similar to those of the pneu 
inococci, depending on the presence m tbo cell of two entirely diflercnt factors — 
a polysaccharide in the capsule responsible lor the typc-spccificity, and a nuclco- 
protein in the soma responsible for the species specificity According to Julianelle 
(192(«j) there are three serological types distinguishable by agglutination absorp 
tion, precipitin, and protection tests, and a heterogeneous group (\) of strains 
that have not yet been antigcnKally differentiated If a serum is prepared 
against Typo A by injection of heat killed encapsulated organisms it will agglu 
tinate encapsulated bacilb of its own type, but not those of any other tvpe , 
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Bimilarly witi TjT*es B and C Tbe femm contains an anbl-odc ttat reacts «p»a 
ficallj the polv^cchande fracbon m the capside and as the po^jsacchande 
varies m the different types the eetttm against each tvpe is epeciSc. The jxAv 
saccharide of Types A and B has been isolited and has been found to fioccslate 
in the prc^nce of a specific ^emm. If the bacilh are depnred of their capeaJes 
they lose their speofiaty and ai^lntinate equally though only to a low t tr» 
with sera prepared against any ^pe. 

The nncleo-protein can be separated feotn the dissolved bacilli bv precipitation 
with acetic acid in the cold. It gives nse to a species anfabodv which does not 
react with the cap«ulaled bacilli ot with the polysacchande but which ai^lotinato 
capsnle-iree cells o! anv tvpe and reacts with the nndeo-profem of anv tvpe. 

A «eTnia prepared by injection of smooth, cajenlated baciBi contains antibodies 
to the polyvicchande and the nudeo-pnitem , a «enita prepared by injection rf 
roush non-capsnlatcd bacilli contains onlr one antibodv — active against ti“ 
nncleo-protein. For the clasnfieation of the Fnedlander group into types it u 
essential to nse smooth bacilli both for the preparation of «era and for agglatinsting 
antigens. Unless this role is stntllv observed the results will be ussatisfartcuv 
Failure to realize this principle probably accounts for the discropant results of tie 
earlier worlers. 

The cafsulated badlli stimulate the production not only of tTpe-*p*ci£c 
agglutinins and ptecipiUns hot also o! type-«pecific pro ective bcdiea. Thus 
a eerum prepaid bv injectioa of capculated bacilh of Type A wiD protect ci.ee 
against intrapentoaeal injectioa of Type A, but not agai^ injecboa of bacilh 
of Tvpes B or C. Tbe oadeo-pro^ein does not stimulate the productioa of pro- 
tectiTO bodies a serum, therefore prepared by mjection of capsule-free bwihi 
ol any type ts unable to protect mice against i^ection with capsulated booBi of 
any type It ts impo^ant to note that the polysacchand* m the pure state, 
though preapitable by immune anti-S serum of the homologous tvpe ts unable 
to stunulste the production of immune bodies , it mns* be present in combmatios 
with the proteins of the eelL The nuJeo-protem, on tie other hand, is able bv 
Itself to stimulate the production of iion-*y«eci£c antibodies The polv«accLand« 
is present m qnite yoimg cnlture^ of Fnedlander sbacillcs so that filtrates oftie^ 
cultures mar be used as antigens m the precip tm test. 

A few tabular results may male these reUbons clear 

TABLE *t 

Asn-SBoova Siam aenso Saoora C»T*viaTii> Baenu asn os Poroa \-sT.CArsr 
uiTsa Bacilu OB os ^aoera Bicxuj t&st kits bees asimcuiXT ntran-iD or thui 
CtrsTT.is. 


Ss-ia. 

Tn*a. j 

TmB. 

trpeC. 

TvprA S ++-»- 1 

iTpeB S - 

T^C S - 

TypeA R ± 

TTTieB P i 

TtpeC P ifc 

-»-+-r 

T — {-+ 
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TABLE 43 


Akti Bocan Sentnt ob ak Akti pbotbw SsBinf Borura ox Smooth CiPstrtATED asd Rough 
Not OAPSCLATED Baoilu 



Asti B or AdU PSerom 

TjrpeA 

Typo® 

TypeC 

TypeA S 




Type B S 




Typo C S 




Type A R 

+++ 

+ + + 


"lype B R 

+++ 

++ + 

+ + + 

Tyi>e C R 

+++ 

++ + 

+ + + 


It 13 of interest to note that the B type of Fnedlander s bacillus is similar 
iminunologically to Type II pneumococcus The specific polysacchar de in the 
B type in conjunction with the protein fraction stimulates the formation of an 
immune scrum that will agglutinate pneumococcus T>-pe II and will protect 
mice against infect on with it Bimilarly pneumococcus Type II serum will 
agglutinate Friedlindet Type B and protect mice against infection with it The 
polyeaccbandcs in the two organisms appear to be closely alike though not 
absolutely identical (Arery a cl 1525) A FmdJander Type B organism will not 
however absorb the agglutioins from pneumococcus Type II serum nor a pneu 
mococcus Type II organism from a Fnedlhnder Type B serum This probably 
indicates that though the polysacchhrides are ahke the protein fractions of the 
o^anisms are different 

According to TomSsek (10‘’5) Quasi Pnea (1530) and Neuber (1934) the 

rhinoxltroma bacillus can be disC nguis) ed by a^Iutination and complement fixation 
from FnedlSnders and the ozwna bacillos Moms and Julionelle (1534) houerer who 
examined 10 strains of the rhinoscleroms baciUos were unable to distinguish this organism 
ant genically from stra ns of Fnedlinder e Typo C This observation is supported to some 
extent by Goelings and Suijders (1936) who found that all rhinoscleroma strains had 
the same capsular and the same somat c ant gens the capsular ant gen was practically 
indistinguishable &om the Type C Frtedl&nder ant gen 

According to Jultanelle (1935) the ozanta bamllas can be distinguished bj agglutmat on 
and absorpt on of agglut nins from Fnedlander and rhinoscleroma bacOli. Of 19 ozxna 
strains studied 12 fell mto one group 2 mto auotber and the re maining 6 were anti 
gemcaUy heterogeneous Goslings and Snijdera (1936) Lkewise concluded that there 
were two and poss bly three different capsular antigens among oziena strains these 
they labelled D E and (F) All strains however appeared to share a common somat c 
ant £,en Wielenga (1937) reports on three strains that possessed the somat c ant gen 
of Bad ozeena and the Type C capsular antigen of Baet fnaHandin 

FraSek and Fnca (1933) state that they have been succe^ul in extractmg a soluble 
specific carbohydrate containmg substance which u probably a galactan from the capsules 
of the ozeena and the rhinoscleroma bacilliM T3» substances from the two oiganisms 
were quite distinct and showed no cross i*ec p tat on when tested against the heterologous 
immune sera They were hkew so d stmet from the polysacchande extracted from a 
Fnedlander s bacillus 

The relation between Fr edlandet and o« Irenes strams is still obscure Julianelle 
(1937) who studied 3 strams of aervgena found that they shared a common somatic 
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Tte smooth type is capsulated , the rough type u not It might therefore be thought 
that virulence depends on capsule formation Toenniessen (1914) discusses this possibihty, 
but concludes that the association between capsule formation and virulence is fortuitous 
He isolated, for example, one variant which, though non capsulated, was highlj virulent 
He states that old cultures of the smooth type, in which the capsules have largely become 
autolyscd, have just the same vmileneeformioe as fresh young capsulated cultures More- 
over, JuliancUe s Friedknder Type C strains, though capsulated, were non virulent It 
would appear, therefore, that capsule fiomaf ton is often associated with, but is not essential 
to virulence 

After subcutaneous injection of a very umall dose — about 0 0000001 mL of a 24 hours* 
broth culture of a virulent strain — mto mice, tjje uninmla die m 12 to 72 hours Post 
mortem, there is a local exudate, the focal glands are awoUen, and the spleen is enlarged 
Capsulated haciUi are found m the blood and viscera (Pfeiffer lS89,Fncke 1896, Toenniessen 
1914) 

Guinea pigs are refractory to subcutaneous, but succumb to intrapentoneal mjection, 
death occurring m 12 to 72 hours The fatal dose is about 0-01 ml of a 24 hours broth 
culture Post mortem, there is a viscous exudate in the peritoneum , the spleen may be 
enlarged, and the suprarenals hxmorrhagic The bacilli are found in large numbers in 
the blood and viscera 

Rabbits appear to be more resistant, but they auccumb after mtravenous or mtra 
peritoneal injection with a doso of about 0 1 ml of a broth colture Intrapentoneal 
inoculation is likewise fatal to pigeons 

Classification — Tho denurcation of tbis group from other groups of capsulated 
bacilli, and the enbdivisioD of the group itself, arc both in a verjr unsatisfactory state 
In the first place it is doubtful what relation capsulated organisms of the aerogenes 
and intenn^iatc type hate to Fnedlander's bacillus It is usual to regard Bad 
aerogenei as a saprophyte of grams, the intermediate types of coliform bacilli as 
saprophytes of soil, and the Fncdlinder ozena rhinoscleroma group as parasites 
of man and animals But the fact that most Friedlander strams of respiratory 
origin are indistinguishable from strams of intermediate I type (see Chapter 92) 
and that many strams found m cystitis appear to be identical with Bad aero^enes 
renders dangerous any attempt to separate these organisms on the basis of 
Iiabitat alone It is difficult to avoid the conclusion that all these orgamsms 
should be classified in a smgle group, but whether that group should be called 
Aerohoefer, Fncapsulafus, or KlehsteUo is very doubtful For the momeut we 
prefer to keep them withm the wide Badenvm genus 

Attempts to make subdivisions within the group must necessarily await the 
(lefimtiOQ of the group itself Though Goslmgs (1934) and Wielenga (1937) are 
convmced of the v alue of biochemical tests in distinguishing between the scleroma 
ozxna, and pneuTnonia; types, it is clear from a carefnl study of their papers that 
apart perhaps from the scleroma group, there is so much variation between the 
different members witbm eacb group as to make the classification of any individnal 
strain of nnknown origm often impossible At the moment a study of antigenic 
structure seems to hold out the only promise of throwing any bght on this problem 
A careful comparison of adequate numbers of freshly isolated strains from different 
sources is urgentlj called for Until this is done, it will be impossible to decide 
whether ozxna and rhmoscleroma strains are specifically distinct from strains of 
Fnedlander, or whether they are merely types the same species differing m the 
polysaccharide constituents of their capsule Any such attempt should include 
a thorough study of intermediate and aerogenes strains 
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Mesbon fihoaldpeTh&pebeBUuie bcKof s&orguusmtbatftppeanto be mpoasUBfor 
joint HI of foala, and that is referre d to WsTanetj of namee, each asf 
B tgiijm fw, Bart rvWiMumtgvi, and B j>yt*iptiC%4*q^t iloipbologicaEr, thata^jiaEa 
13 a pleomorphic Gram oegatirc baciQas occtmsg sm^j, m ctrcptococvos-llke «?v^ 

ufilamcoU. Some authors degcribe it ucapsnlated, others as DOB^F^oIa ted. Itfo^ 
tenaaotts colonies on agar, girea nse to a rety nscoos ii"dimeot in broth, gires a nail-head 
growth in gelatm stab without hquefaction, fensAts glucose, malt^, masnib^ laetcee, 
and sucrose with the production of a«d but not gas, u 3>LR. V P — , aRa te — , indols — , 

reduces nitrates to nitntes, produces amd, and aometunes dot, in litznss cuDl, u acfageac. 
aUj heterogeneo u s, and is non pathogenic to Ubcratoiy TinTulg- Xhe nonsal form ca 
isolation 13 ^d to be mucoid, but a iKm moooid ranant is eometimes culnrated iLr*Tt}r 
from foals, though more often it ueeeo only aa the resnltcf is ntro Tviatton. (Tor ie£*r 
ences see Edwards 1931, 1933 ) The exact relationship of thm organism to the member 
of the Fnedlander group u doubtfiiL 

A detailed descnption of Fnedlaodera hadUss u giren on p &'>0 

The Paracolon Group 

There remain a number of organisms which, for one reason or another, eannot 
be included m aur of the bctose-fennenting groups already described, or in trt»r 
of the non lactose-fermenting groups to be conodertd m the next two chat^r^ 
These oiganisms ferment Ucto-e Ute, weaUy, irregularly, cr not at sS. Soai» 
constantly gire nse to non lactoee-fenneoting Tsnaats. Some prodoce gas 
abuodantlr, and some u only small quantity , others are completely anaerog'&.s. 
A few species are pathogenic for man ; others are asder snspicioo , and other* 
apam are almost certainly non pathogenic. Some are found u fscee, in 
water some m sod, and some u other sitoations 

This heterogeneous coflection of organisms we propose to refer to as parae^^os 
bactik They constitute a group that appears to !>• intermediate between the 
coliform bacilli on the one hand and the con lactoee-fermentmn SufmondSz anJ 
Shtg'H'i bacilli on the other From the coliform bacilli they are dirtinguisied 
mainJy by their late fermentabon of lactose, or by their fadure to ferment i: at 
alL From Salmonella and ShiQfUa they differ mainly m fenc‘‘ntmg either Iac*o*», 
sucrorf or salicin and in their lach of the parbcular antigens that ciaracte’ii* 
the'se two gronps. 

Paracolon bacilii hare frequeatlr been isolated bo m tbe Izoee of pereccs ssSiaci; 
from entenc bke lafecbons ententia and cy«tjUa. OceasiousSy an organiEa beleesgsr 
to this group has been isotated from the blood stream. In t«t maar in-tali'^ howerer 
they have been cuStiTated fr om tbe frKcs of normal petsems (see &ndifsad 1935) , aai 
it seems doubtful whether ther hare anr real agnificancB as pnmarr nsfocting acKits 
in epidemic mfeciious of tbe cntenc or dyeajte&c type, though there can be t» dcsiit 
that some species at least possess pathogeiue potenbahtifS whffl they inrads tbs ti=53C* 
from the intestinal tract. The great majontT of tbe orgaiusBis included in this crosni 
hare it mar be noted, been isolated in tbe tropics , and there seems no doubt (Saadifrtd 
1935) that toey are a more common oonstitaeut of the ncemal intestmal Bara cadir 
tropical than under tempmte conditnms. 

The dasafication of these strains rsL’ies p^Iems of considerable diffienltr Vanoos 
schemes hare been su^ested ((Tialmeia and JIacdortald 1916, Csstellani and Chalmc^ 
1920, Castellam 193s) , hnt tiise am not in accordance with the general Imcs that we 
hare discussed and m the autbois' opauaa liy too much stress on rmaor differestt* 

in fennentabTe abflity Stuart, TTheder, Rostigian and Zimmer man (1913), who hire 
subjected aereral members of this group to senes of testa used ft* ifferefitiatr^ 
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<he eoliform bacilh — M K , VP, indolo, citrate, and cellobicwc — find that they can be 
diTided rooghly into three nuin proupa according to whether they resemble the cob, 
intorrocdwtc, or aerojenM typos U ithm the sepuatc sub dinsions many of the strains 
w ero found to bo antigenically similar, bat a nnmbcr remained that could not l>e ckssiGed 
by serological means For the sake of onmplo the fermentation reactions of a few of 
the paracolon bacilli that bare rcccned names are act otft in Table 44 For a fuller 
de<cnption of their characters the reader is referred to papers by Castellini (1902 14 
1907, 1912, 193S) OuteUam and Chalmcta (J920). Archibald (1911) Chalmers and Afac 
donall (1916) , but it must be understood that the nomenclature of all lhe«e organisms 
may hare to bo nvL‘<<l when a satisfactory basis of classification is crentualh laid down 

More recently Scritt (1915), wLo studied lOS strniM of paracolon bacilli mostly isohtwl 
from eases of infantile dtarrhcca, found that thev could 1^ chssificd mto four groups on 
their reactions in sucrose and dulettol Serologically fire main antigens could be defined 
though manv etrains were heterogeneous Some strains besides containing one or more 
of the A-E senca of antigens, were charactonied hs the additional inclusion of a ShxgtlUi 
ali-abecenj antigrn, or of antigens found in tlie riexncr or Newcastle greiips 

It IS of interest to note that Dudgeon has recorded a considcnblo senes of 
ca<es of acute unnary infection, associated with a pyreziAl reaction timukting entcnc 
fercr and eau*cd bv a late lactose fermenting cohform bacillas Lactose is fermcntwl 
slowly, saccharose LS unclianged, mannitol and dnlcitol are fermented a ith the production 
of acid and gas, and htmus milk is rendered acid and usuallv clotted (Dudgeon 1024 
Dudgeon and rulrcrtaft 1927) It may bo noted that this organism is h-rmcplytic for 
human red cells, and that Dudgeon'and his colleagues (Dudgeon tt al 1021 1022) haro 
shown that strains of Duel eofi from the ficers. or from the urine in eases of cystitis 
may bo disided mto hTmolitic and non haemolytic types. The h.'cmolytio strains are 
particularly freriuent m certain (y pes of acute onnary infection It may clearlv be neces 
aarj to eUboratc our claMifieation when these or other tests hare b«n applied to the 
group as a whole Paracolon baeiUi liare likewise been Moisted bv Uebb (1037) in 
Msiintius from the uruian tract of patients sulTcnng from entcnc like ferrni prebtis, 
or eystilw bat they diiTireil in some respects from the organi«m described by Dudgeon 
Agglutinins were u'udli demonstrable m the isram of the patients in litres rarying 
from 1/25 to I ^250 

The strains that hare from time to time been dcwibcd as ZJoct cofi onaerej»nes on 
account of their failure to produce gas from erttam carbohydrates are probably related 
either to some members of this group, or to the bte Uctose fermenting types of the 
Shx^Ua group 

The cunous organism desenbed by SlaMini (1907) aa Dact roll mvlabih is itself a con 
lactose-fermenting strain, but is characterized by the property of girmg nse to lactoso 
fermenting mutants, which show no tendency to rerert to the parent form This species 
has been dueussed in some detail in Chapter 9 It may be noted that Dulaney and 
Jiichelson (1935) hare recently described a sercre cpdemic of diarrhcea m infante appar 
ently cau»cd by Ilua organism It is clearly allied to the paracolon gronp of Bartena , 
though the exact reUtionship remsins obscure 

It will be conrenient to desenbe at this point an organism originally isolated by Caatel 
lam (1912). and studied in more detail by Kbaled (1923) Thu species Baei asialiexim 
IS a non bictose-fernienter, and on this cnienon would bo excluded from the cohform 
group In saccharose, howercr, it forms both acid and gas , and m its ability to attack 
thu iugar It differs sharply from the ga# fonnuig non lactose fermenting bacilli of the 
paratyphoid group tliat will be coruidered in Chapter 30 It differs from them also 
in its abihty to form indole Bact lUuRieum u a motile bacillus hanng the usual 
characters of the genus It ferments dextrose mannitol and saccLartHO with the 
formation of acid and gas but produces no change in lactose or dulcitoL It acidifies, 
but does not clot milk- It usually forms indrfe It does not bquefy gelatin It appears 
to be a cause of entenolike infections m man particularly m the tropics 
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Croulh Ttft^irtmnU^liatl rofi grows raJiIjt on aJ3 oniinary laboratory m«La The 
orltmum tompcraturo for Rrowth u m the neighbourhood of 37’ C , but growth 
occurs over an cjtendixl range from about 15 to -IS’C 
JioeAemifwl —IVwlucrs a«l and gas m distrose, maltosi, mmnitol Uclose, xjtose, 
rhamiio(»e, and arabinose, hut not in dextrin, eton.h moattol or as a rule cclJobuMP 
Sucrose, fcilicm, ratTmose, gljcerol. and dnlcitol art* attackwl by some strains but 
not by others. Aeidifirt and cbls milk reduces nitrates, and nearly ninays forms 
indole M Jl + , % P — , Kosrr’s citrate — , gas production in VtcConkeya 
liroth at 44*C +. 11^ is not usually formed, but the n.*sult depends to aomo 
extent on the medium 

Stmclvrf — Uatl fcit K an antigenieally hetcfogenoous species, the anfigemo 
structure of vlueh has not yet heen atudicil in any detad 
PatAojemri// — liael eoli U a normal inhabitant of the mtestino of man and other animals 
In certain circum«taneea »t may play a pathogenic role sometimes in the intestine 
itself more commonly in organs or tisues anatomnsiUy relateii to it, sueh aa tbs 
gall liladder It is a freejuent cause of infection of the urinary tract in man 
I arictiM — On the Ussis of the fermentation reactions, RncI roll may be dinded into the 
folloiring Tanctiea — 

inr commune ferments aaluin hut not sacchaTosc 
tor rommuniws firmcnts saeeharoce but not anlicin 
tuf acnpo/ithnum ferments both eaeeharoao and Sahcin 
lur acvfiJdctxi fcrmenbi neither saceharoae nor dabem 

Some Mthontics rocognuo further varieties uhich are dilfircntlateii by being noo- 
motile 

fiscL ser»c*aes 

liofl amifmi’j differstrom Ihet foliintliotoihwmspomtit. Morj hslogieally tbe rod* 
art often thorter and plumper and they are ocwionallv capsiilatcd They maj bo motile 
or non motile The wloniee on agar are more convex, smoother and often mucoid The 
deposit m broth it often more tweou* Growth w rather more abundant at bwer tempera 
tures, kau abundant at temperatures over 37* C, and usually very slight or absent at 
{rmirrntuTvs of 42-44* C In<»*itol, cvlbbioae, dcxtnn and starch are frequently fer 
mctiled 2fatl strains fail to form indoh- Tliore is a more abun hni formation of gas 
but ft lower aeiditr The C0| 11, ratio j* high approximately S 1 The \ogM 

Proskauer rviiction » jioiiitivc Tlie iwthjlrrd reaction Is negative Growth occurs 
with otratc as lh» only source of carbon Gas w not produced m MacConkey broth at 
44*C Tlw norroil bsbitat of tbU specje* Is not known with certainty It w common 
on grams and plants, nnd is often found though usually only in small numbers m the 
frci-s of man and animals , the baUnceofcvilcnw however » against its being primarily 
an Intestinal parasite 

Bset cIoaeiB 

[iutl K.lnmt'X. ceetcubVia [i'lct afroyn/.s exrvipt that U is usually motile u sildom 
cspsulatei] bfjor/ics gelatin, but doe* not ftrroent glycerol or starch lU distnbution 
in riAture appears to b« the same 


lottriDSdUle Foimi 

The cxisfenrc of strains that arc intermediato between B<ict edt an 1 Bart aero^enes 
baa boon notol in the text, and their characters have been described (see p 663) 
They are distinguished (I) from /J»rt rof» mainly m beuig citrate positive in fermenting 
celJolfiose in Ix'ing usually ind< le negative and id fading to form gas in MacConkey 
broth at 44* C . and (2) from Hart attxtynts In being il K + V P -, and m faihng to 
utibzo unc acid as their sole source of nitrogen In this country they appear to be dis 
tnbuted chiefly m the soil 
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FriefiliBder^ bseillss 

Synonyms — PneuiDobacillas, Bast JntHandm, Bael pnetimonitr B pntimoniir B 
mveosns eap^laftis Enfapsnlolns jmtnmonttr, Kl^bnella jmtvmont« 

/wtoKWi.— Isolated by Fnedlsixiet »a 1SS3 from the tangs of jatjents dying of pneniaoni*. 

Bahilal — CSueflT » parasite. Pound in the nose, month, and mtestino of normal persons , 
m the tangs of patients snth pneumonia, mfioenzs and tuberculosis, and other 
respiratory diseases , and in suppttratire conditions of other parts of the bodr 

Morphdoyy Short, thict, oral rod, aboaill S/slong and(»-3-0-8#i broad. Aii3Stra.ghl, 

sida parallel or bulging ends rcnmded. arranged singly and in pairs end-to-end. 
Some strains are taghlr pltomarphic. eurred rods, aausase forms, and long srsTy 
filaments being found in culture , m th* body diplobacOli, Terr like pnetrmocoea, 
am oomiaoneet. ConaderaUe nnatioD m staining, partieularlT of pJeomorpbio 
forms. Non-motile. A capeuUu present ereo in cultures . it contains a cifrogea* 
free polysaccharide of gtaoose. Gram^egatice. 

AyoT Plals — -24 hoars at 37° C Pioond, amorphous, conrex, greyish-rrhite, faintly 
translucent mucoid colonies. 1 2 ram, m diameter, mth smooth, listening surface 
and entire edge , conssteney mucoid, cmnlsifisbihty casr 7 days, larger, from 
3-10 nun- u diameter, ms^ with flattened surface, rometimes <ndded mth 
aecondarr colomes shgbtty tmdnlate edge , aometuEes di^cresbated into an 
opaque trhite centre and a less opaque, jelly-coIoured penpheiy shorring 

more translucent ndial eeetors. A non-mneoid Tananl occurs. 

Agar Slope. — 24 hours at 37* C Abundant, raised, faintly trarutaceot, greyisb-ydlorr, 
mucoid, almost difSuent grmrth. with glistening smooth or bealea-copper surface, 
and entire or undulate edge. 

Geta/in Stub —7 days at 20* C Moderate, filiform, greruh-vlute growth, foofinsit in 
the upper part, extending to bottom of tube- Ctosrex, mucoid >orface growth 
about 3 mm- in diameto— naal-headed appearance. No Lqnefaeties, m& after 
4 weehs, but a Urge napifona gas bobble often eppean near the surface Some- 
times fiumeions lateral outgrowths oc c ur from stab aftra 3 or 4 wtehl. 

Bmh —24 hoars al 37* C Moderate growth with moderate uniform turbiditr, and a 
■light, powdery deposit dismtegntmg easily King growth at surface. < day, 
heary turbidity with abundant, ciscons deposit , marked nng gr ow t h, ^e 
culture is nscous in oonsisteney 

Glucose Agar Shale.~i4 hours al 37* C Multiple tmv colonifS throughout taedram, 
more numerous near the top. Medium is torn into nfts with gas. 

Horst Blood Agar Pfa/e.— 24 hours at 37* C Conrez. mil^ white colonies, 1 Twm m 
diameter, with smooth surface and entire edge. No hei^rsis, but plate is browned. 

IfoeCoakc^s A;wr — 24 hours at 37^ C Peddish cclomes. 1-3 mm a diameter ’tdays, 
round, eonrex or tnnbonate, red colonies with smooth surface and entire or toba*e 
e^ 

JIaeConley’s Fluid Jfedism,— 7 da/i al 37* C Moderate turbidity, magenta colour, 
Bometcura gas formation. 

Petaio . — ^24 hoars at 37* C Tdlowjsh. oouBnent. mucoid growth. 7 days, abnndant 
raised, mucoid, creamT, buS yeDow, or cafe-au lait powth, wnih smooth, sLghtly 
pitted, or nodular surface. 

PcsiitaBCe.— Killed by moist beat at 55* C is half an houx. Cultures at room temperature 
lire for months. 

ifetabofiSTn.— Aeroba. Very sLght growrth m 10 dsrs under strict ai^eroloc ccnditioaa 
Grows luiunantlv in culture. No taemolysis of sheep s or homes red cella. Ten- 
dencT to form brownish pigment on potato. 

£ioeh*)nicaL — Highly Tanabl& Acid, and gensaUr gas, m glucose, maltose, mannitol, 
lactose, sucrose, and saliein. Ihostol u aaid to be fermented. T.4f. aod, or 
atad and dot. Indole -r . 30k.-i-, VP—, mtrates reduced, 
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HjS — , MB reducnl , catakw ++ , Koser’s citrate + , gas la SfaeGjnkoy 
brotli at 44’ C negative (Pot biochemical characters of rUincscleroma and 
ozxna etrama, sen p 670) 

4nfi5emc Sinielure — By agglutination, absorption, and precipitin tests there are three 
types, A B, and C of Fnedlander’s bacillas, and a heterogeneous group X The 
specificity of the types la determined by the carbohydrate fraction in the capsule 
The B type is eimdar unmunoIogicaUr to Type n pneumococcus (For antigenic 
structure of rhinosclcroma and oztena atraias see p 673) 

PalhogemcUy —Is found in lesions of the respiratory tract and m suppurative conditions 
generally in the human body Expenmentally, it is highly pathogenic to mice 
on intrapentones] or intravenous injection. Rabbits are less susceptible, but often 
succumb to intravenous or intrapentoneal injection Types A and B are highly 
virulent for mice , T^po C is aviralent After intrapentoneal injection of a very 
small quantity of broth cultnre mice die in 18 to 24 bouts , P 31 viscous exudate 
in peritoneum , capsuLated baciUi numeions in blood, lungs and spleen. 


Tbs Paracolon Croun 

The organisms of this group uhich differ from Bact coU in fermeutmg lactose late, 
weakly, irregularly, or not at all and from the Satmonelta and Sfngella groups in fermenting 
either lactose, encrose, or sahem. m usnally produemg indole, and lo their antigemo strue 
ture, have been desenbed on pp C7i>-8 
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CHAPTETl 29 
SHIGELLA 

Detohtjov — Shigella 

Gram negative non motile rods 2-3 fi long by 0 5-0 7 /i broad Non capsu 
lated, non 8p<Hing Ferment a ranable number of carbobydratea mth the 
production of acid Lactose la not attached except by a few species and then 
not for tuo days or more Reduce nitrates to nitrites, form ammonia but not 
hydrogen sulphide, are Vo^s Proshaaer negative, and fad to grow m Koser’a 
citrate Facultative anaerobes Some spcctea are antigenically related At least 
one species produces a tovin Slost species are pathogenic to man, giving nse to 
dysentery or sometimes acute gastro ententes Pound as a rule m the intestinal 
tract of human djsentery patients and contacts 
Typo species, Shigella thtgas 

^^lthout entering here into the tezed question of classi£cation (see p C96), we 
propose to discuss lu this chapter the following organisms or groups of organisms 
(H5A siii^cr, described by Shiga (1898a, 6, 1901) in Japan and Kruse (1900 1901) 
in Germany, (2) isolated by Schmitz (1917) in Humania and called 

B omhijuus by Andtewes (1918), (3) Other non mannitol fermenters described 
by Dudgeon and Urquhart (1919) in Uacedonia, by Large and Sankaran (1931) 
and by Sachs (1913) ui India by Zlazen (1938) in the United States and by Ab 
(1933) in Dgypt, and refened to as para Shiga bicilL (4) Sh Jlexnen described 
by Flexner (1900o, 6) m the Philippines, andStrongandMuogiave (1900) in Manila 
(5) The organism isolated by Clayton and Warren (1929a, b) kno^n as the 
Newcastle bacillus, by Domne, Wade and Toang (1935) known as the Manchester 
bacillus, and by Boyd (1931, 1932) in India known as 6S , (6) A group of mannitol 
fermenters resembling Sh flexneri biocbenucally, but din’cring from it anligemcally, 
described by Boyd (1931, 1932, 1938, 193S) in India under the names 170, P2S3, 
and D1 , (7) Sh aUalesceni, described by Andrewes (1918) , (8) Sh sonnet a 
late lactose fermenting organism defined by Sonne (1915) in Denmark, though 
almost certainly described by ptevions workers in the United States and Germany 
(see Scset ei a} 193(}, Bcjhen }934) sad probaldp tdeatica} mth Xrusa's 7jj>e 
E bacillus , (9) Sh disjwr, a late lactose fermenting organism described by 
Andrewes (1918), and possibly related to the organisms desenbed by Castellam 
(1907, 19126) as B eeylonensxs B and B madawpensts A fen other organisms 
of less importance will receive occasional mention 

Morphological and cultural Characters —Dysentery bacilli arc nou motile, 
Gram negative organisms mdistinguishable morphologically from members of the 
Baclenvm group Their cultural characteristics are likewise insufficiently distiac 
tive to require separate description from those of the Bacterium and Solmcmella 
gjoups It may be noted, however, that the colonies of Sonne’s bacillas tend to 
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be larger and more opaque than these of the Shiga Flexner tvpes. On primary 
cultivation from the feces this organism forms colonies on agar that are cttcnlar 
convex, 2 mm m diameter colourless feitiv tian-lncent TOth a «nioo fa «urfece 
and entire edge when viewed against a dark bactgtoond they appea, whitish a*^ 
telatrvelf opaque Some colonies show at one or more portions of the periphery 
a small tanked hair like projection giving to the colony a bnistnig bombshell 
appearance (Braun and \re3 1®23) Sometimes on fir*t isolation but nearly alwas^ 
m early subculture a second type of colony is <een which is larger raised trans- 
lucent with a coarsely ground-gla^a *Tirfece and an irregularly undulate or crenated 
edge when viewed against a dark background it appears clearer and less opaque 
than the fir«t type These two of colony which consist of O’gamsms diEenng 

antuemcally and in certam other respects have been described bv several workers 
(Mita 1921 £Jr«kov and Lar«en 1923 Leochs and Ploehmsnn 19-> Fvfe 19'* 
Large 19'’9 Cann anddeNavasquez 1931 Th]o*ta and Waaler 193''’ Johnrton and 
Ksake IBS'* Waaler 1933 Glynn and Starkey 1939) They are generally regarded 
as corresponding to smooth and ronrh forms though as Endues («ee Eepoit 
1939) pomts out the anhsenic change that accompanies the colonul tranjtion 
re-embles in some re«pecta the speeific-gronp rather than tie «moolh rou h type 
of vambon. 

Morphol(^cal and cnltnral mnants of the dv®entery bacilli have been described 
by «everal workers. DdTerences have ohen been noted m the Mbrenjc slraclure 
saline and ac d agglutinabilitv and pathogemcity for bboratoiy animals of the 
rou^^h and smooth vanant. Indeed a< m members of the onriZu group 
antigeme «uuclure is of far more importance in defining smooth and rough trpes 
than the colonial appearance. (For referencea to variation Atkwn'»ht IJ"’! 
Carver 19'*! IsaboU^kv 19 6 Koscr and ^tvron 1930 Erann and Baake 1930 
Kob3ya.hi ft flJ 1931 John, ton and Kaake 193'* Wyckoff 1933 Waaler 193>) 

Resistance and hleiabolisei. — ^The members of this group are not «pemlly 
resistant. They are killed by a temperature of &>® C m 1 hour by 0‘5 per cent 
phenol in 6 hours and bv 1 per cent, phenol in about Ij-SO mmote^ When 
dried on Imen and kept m the dark at room temperature tbev «urnve for from 
5 to 46 days (1 aiUard and Dopter l^KO Roelrke 1953) In garden earth at room 
temperature m the daikther survive for 9 to P davs (Roe'eke 193S) In natuiallv 
infected feces kept alkalme and prevented from drvmg thev mav remain aliie 
for «ome days, but m stools that are allowed to become acid through growth of 
eohfoim or other bariQi, they perv.h often in a few hours. On the wtoV ^oime » 
bacillus 13 more resistant to mumca) agents generallr than tie 9).^ or Fleiccr 
bacillar 

They are aerobea and facultative anaerobes Their op timum temperature u 
about3t C According toBraon aniWoH19'^3)9oiine sbaciBus grow' as rea32v 
at4o C asatS C andmorereadflvat ICf’C. thanmostcoliform bacDli. Shirras 
baciUus 13 characterized bv its inabihtv to form catalase. 

With the exception of some <trains of Sh, aHalefcens none of th<* members 
appears capable of producing a hsmolysm active agauLt sheep corpuscles. 

Biochemical Eeactmns — Sh thtgx Sh ttfmiUx and members of the para 
9hica group produce acid from glucose the remammg members, with the exception 
of some strains of the Newcastle baoUus sLo ferment manmtoL Hence, the 
p run a r y classificatioii of the group is into mannitol and non-roanmtol fermenters. 
Sh tonnn and Sk dupar produce aad from lactose the fermentation, however 
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)5 slow anil is not nsually apparent for 2 to 10 Hays Lactose fermenting papiHra 
often dc\ clop on Iho original Inctose'D^tn e colonics obtained by primary plating 
Sucrose is also fermented htc, though, according to Forsyth (1933), Sh dispar 
acidifies sucrose before hetose Sucrose is attacketl by a small nunonty of FleTner 
strains after subculture in the laboratory for a \ armble length of time, but never on 
first ivilation Dulcitol is fermented rapidly by Sh allalescens, and slowly by 
tbc Newcastle bacillus and the dispat like organism known as Bad ceylonense B. 
The Newcastle bacillus is distinguished from other members by its ability to form 
gas in glucose and dulcitol The quantity of gas is very small, often amonntinc* 
to not more than a bubble in a Durham fermentation tube and may be evident 
only on first isolation The closely allied Afanchester bacillus forms a trace of 
gas in mannitol ns ucl! as in glucose and dulcitol, but the antigenically similar 
organism met with in India and in the United States, known as Type 83 forms 
no gas at all Sh alhilfscem is distingnishcd from Sh jlnneri by the fermentation 
of dulcitol and xylose , but according to dc ibssis (iOSOn) the substance of greatest 
difTerentia) value is 5 per cent glycerol, ubicb is always attacked by the allaUscens 
and not by the Jlfineri tjpc Sh alknle^ctiis is said by Mood and Keeping (1914) 
to be unique among the dysentery bacilli in its ability to form triraethylamme 
from choline Sh dupar ferments xylose and sorbitol, thus differing from Sh 
fonnn, it roust bo pointed out, however, that xylose fermenting strains of 
Sk soniiev do occur (BojKn 1931, Cruickshank ond Swjcr 1910), though the great 
majority of strains isolated in Great Britain and the United States lack the power 
to ferment (his sugar In litmus milk there ta generally a slight acidity for a 
few dajs. The reaction may remain permanently acid end go on to clotting, 
as with Sh soRiici and Sh dapar, or it maj revert to neutral, as with Sh shtyce, 
Sh tehmiizi, and Sh /«rnm Many strains of fiexnen, after a preliminary acidity 
turn Qulk alkaline Sh allaltscfns produces an initial and lasting alkabiuty 

Indole formation is of some differential importance, serving to distinguish 
Schrmtz’s from Shiga’s bacillus, and Sk dispar from Sh sonnet The Newcastle 
bacillus does not form indole, but Sh alkalescens docs As regards the Flexner 
group. Gettings (1919) found that of 2S5 strains tested, 158 produced indole and 
127 did not The methjl ted test is of limited value , if the cultures are meu 
bated at 37® C , it inaj help to distinguish the positiv e Sk dispar from the negative 
Sh sonnei , but, according to Bamfortb (1934), Sh jo««« may give a positive 
result if it IS incubated at 30® C 

AU strains reduce nitrates to utntes , none forms II^S , none grows in Kosei s 
citrate , and none gives a poiitive Voges Proskaucr reaction A bst of biochemical 
reactions is gn en in Table 45 (For reference to the more recent studies on these 
reactions see Lester 1920, Smith and Fra«er 192S, Kernn 1928, Nelson 1930, 
Bojlen 1930 1934, Johnston and Drown 1930, Buchanan and Boux 1930, Koser et aC 

1930, Cann and de Navasques 1931, M elch and Wickle 1932, 1934, Dowmeelal 1933, 
Forsyth 1933, Bamforth 1931, Mhitehead and Scott 1934 Largo and Sankaian 

1931, "Mandry 1935, McGinnes et at 193G, Bojd 1931 1932, 1936 1933 Hazen 
1938, Ah 1938, Hardy et at 1910, Sachs 2943) 

Antigenic Steactnre — The serolr^cal behaviour of the dysentery bacilli is com 
plicated Of the non mannitol fermenters the Shiga group is homogeneous , all 
strains of Sh jSigcsarengglutinatedbyaspeciftosenim prepared against any one 
strain An anti shigte serum has some agglutmating action on Schmitz’s bacillus 
and on some strains of the Flexner group A serum prepared against Schmitz’s 
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be larger and more opaqne tban those of the Sh^a Fleicet typ<*3 On pnmary 
cultivation &om the fxces this organism forms colonies on agar that are circular, • 
convex, 2 mm m diameter, colourteso, {aid/ translocent, with a smooth surface 
and entire edge , when viewed against a dark background they appear whiteh and 
relatively opaque Some colonies show, at one or more portions of the periphery, 
a small tangW hair lie projection, gmng to the colony a bursting bombshell 
appearance (Braun and Weil 19^) Sometimes on first isolation, but nearly always 
m early subculture, a second type of colony is seen, which is larger, ra-sed, trans 
Incent, with a coarsely ground-glass surface and an inegnlarly nndulate or crenated 
edge , when viewed against a dark background it appears clearer and opaque 
than the first type These two type# of colony, which consist of organisms differmg 
antigenmally and in certain other te»pecta, have been described by several workers 
(Mita 1921, Orskov and Larsen 1925, Leoebs and Flochmann 1927, Fyfe 1927, 
Large 1929, Cann anddebavasquei 1931, Thjotta and Waaler 1932, Johnston and 
Kaake 1932, Waaler 193o, Glynn and Starkey 1939) They are generally regarded 
as correspondmg to smooth and rough forms, though, as Bridges (see Report 
1939) pomts out, the antigenic change that accompanies the colonial transition 
resembles in some respects the specific-group rather than the smooth rough type 
of ramtion. 

Uorphological and coltural variants of the dy«entery bacilli have been desenbed 
by several workers Differences have often been noted in lie antigenic structure, 
saline and acid agglutmability, and pathogenicity for laboratory animals of the 
rough and smooth variants Indeed, as to members of the Salmonella gronp, 
antigenic etmetnre u of far more importance m defining smooth and roD<'h types 
than the colonial appearance. (For references to variation see \rkwcgbt 1921, 
Carver 1931 IsaboIin.ky 1926, Eoser and S^on 1930, Brano and Baake 1930, 
Eobayashi ei al 1931, Johnston and Eaake 1933, Wycko? 1933, Waaler 193o } 

Resistance and hleUboUsni. — The memben of this gronp are not speciallv 
resistant They are killed by a temperature of 55* C m 1 hour, by O'S per cent 
phenol m 6 hoars and by 1 per cent phenol m about 15-30 minutes When 
dried on Imeu and kept in the daik at room terap<'ratare thev 'urvive for from 
0 to 46 days aiUard and Dopter 1903 Roekke 1933) In garden earth at room 
temperature in the dark they survive for 9 to 12 dsvs (Roelcke 193^) In natuiaUv 
infected feces kept alkahne and prevented from dmng thev may remain alive 
for some day^ but m stools that are allowed to become acid through growth of 
coliform or other bacilli, they pensb often m a few hours. On the wholo, Sonne s 
bacillus 13 more resistant to xnumcal agents genemlly than the Shiga or Flexner 
bacfllus 

They are aerobes and facultative anaerobes. Their optimum temperature is 
about37* C AccordingtoBratmandWeil(192o)Soime’sbac3]a3growsa3read3v 
at 4o° C as at 37® C , and more readily at 10® C than mo*t coliform baoln. Shiga « 
bacillns is characterized bv its inability to form catalase 

With the exception of some ^trains of Sk, alkalescent, none of the members 
appears capable of producing a hsemoly^ active against sheep coipuacles 

Biochemical Reactions — Sh Sfc tdm\f i and members of the para 

Shiga group produce acid from glaco<e , the remaining members, with the exception 
of «ome strains of the Newcastle baallus, also ferment mannitoL Hence, the 
primary classification of the group is mto xnamutol and non manmtol fermenters 
Sh sonnet and Sh dispar produce acid from lactose , the fermentation, however. 
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IS slow ami is not usually np{iarcnt for 2 to 10 ila>« Irfvctosc furmt-nting pajull'o 
often «lf\c!op on tlie oripnal lactosc-ncgativecoInniM oI)tAtno<1 by pninat) plating 
Sucrose IS al<o ferniciitctl late, thoagb, acconling (o Fors)tli (1933) Sh dispar 
nculiGes sucrose bofort. lat ttwc Sucrose is attacked bj a small mmoritr of Flcxncr 
strains after subculture m the laborator) for a satiable length of time, but never on 
first isolation Diilcitol is fermented npidlj by Sh alknfeicena, and slowly bj 
the Newcastle bacillus and the dtspar like omasum known as iJael ceyloMnse B. 
The Newcastle I acillus is distinguished from other members b) its nbilit) to form 
gas in glucose and dulcitol Tbe quantit) of gas is s erj small often amounting 
to not more than a hnbhlc in a Purham fermentation tube and nu} be esndent 
only on first isolation The clo*elj alhial Manchester bacillus forms a trace of 
gas m mannitol as well as in glucose and duleitol but the antigomcallj similar 
orgaiasin met with in fndia and in the I mtest felntes known as Tjpo forms 
noguatall Sk o/ivi/ctcmi is dislinguidicd frumN,i JIt’Sfimity the fementnUon 
of dulcitol and xjlo*o , but accohling lode A«si-j (l't39i) the siibst incc of greatest 
dilTcrential \alue IS 'i jwr cent gUcero! which is alwa>s attacked b> the a/t<i?fsccws 
and not by the J^crncri tj («■ Sk ttUnUfem* i* miA hi Uorxl and Kccpmg(19l4) 
to lie uni(]ue among the djsenlcra bacilli m its ab»lii> to form tnmcth^lamme 
from choline Sh iJupnr ferments xylo«c and sorbitol tlius differing from Sh 
rowan, it must he iwintnt out, Iioweacr that x> lose fi rmcntmg strains of 
Sh spmucs do occur (Pojh u 1931, Crmck«liaiik and ^wjrr IDI'l) tlioufcb the great 
inajonty of strains isolated in Great Bntain and the Viiitn) States lack the power 
to ferment this sugar In litmus milk there is gcneralU a slight aeidit) for a 
few da)*. The reaction ma) remain perwancBtJy acid ond go on to clotting, 
as with Sh 4onnn and dirpof, or it tniia reaert to neutral a« with Sh sAigir, 
.9A #fAmi/:i, and FA /cmeri Mana straiasof/eiwcn after a prehminarj nculitj, 
turn milk alLalme Sh aflakteein produces an initial and listing alkalinity 

Indole formation is of some diffsrentiil importance serving to distinguish 
Pchraitx's from Shiga's bacillus, and Sh di«;»ir from Sh ronnei The Newcastle 
baallus doea not form indole but Sk aUal<*em* does As regards the Fletner 
group, Gettings (1919) found that of 2S5 strains tested I’'!? produced indole, and 
127 dll not Tbe methyl re<l test js of limited valuo if the cultures are meu 
bated at 37* C , it tins bclp to di«liiigm«h the positive Sh rfjspnr from the iiegaliv o 
Sk tonnet , but, according to IJainforth (1931). Sh sennet nmy give a positive 
result if it IS incubated at 30* C 

All strains reduce nitrates to nunlcs , none forms HtS , none grows m Koser’s 
citrate, and none gives a po“itire Aogea Proskauer reaction A list of biochemical 
reactions is gn cn in Table 45 (For reference to the more rcctnt studies on these 
reactions, sec I/*ster 1926, Smith and Fra«cr 192'^ Kemii 192-3, Ncl«on 1930, 
Ilojhn 1930, 1931, Johnston and Brown 1930, Buchanan and Roux 1930, Koserctaf 

1930, Cann anddcNava«<jucr 1931, Mekh and Micklc 1932 1931, Dowmertal 1933, 
Forsyth 1933, Bamforth 1931, Mhitehead and Stott 1031 Large and Sankaran 

1931, Mandrj 1935, MeOmnes el al I93C, Boyd 1931, 1932. I93C 1933, Ifarcu 
1939, All 1938, Hardy et al 1910, Bachs 1913) 

Antigenic Structure — The serolc^ieal hehaviour of the dj •enter/ bacilli ls com 
plicated Of the non mannitol fermenters the Shiga group ts homogeneous , all 
strains of 5A rAiyw arc agglutinatwl hy« specific scrum prepared against any one 
strain An anti shigio scrum has some agglutinating action on Schmitz’s baciUu* 
and on some strains of the Flexner gronp A serum prepared against Schmitz’s 
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bacillus will agglutinate a Bhiga baoUiifl to ^ or | titre , but antigemcally Schmitz’s 
bacillus and Sfaiga’s bacillus are easily distmgaiabable , a Shiga bacillus cannot 
absorb the agglatmins from a serum prepared against Sclimitz’s bacillus, nor a 
Scbmitz bacillus from an anti slug® senun According to Sehutze (1944) Shiga 
strains vary in their agglutmabibty , bypo^latinabla strains may be rendered 
more agglutmable by growth at 20-26® C , by beatmg in saline to 60° C for 1 bout, 
or by addmg 0 5 per cent phenol 

Schmitz’s bacillus used to be regarded as antigemcally homogeneous, but the 
observations of Boyd (1935) suggest that the freshly isolated organisms contain 
two antigens which, for convemence, may be referred to as type and group It is 
believed that after some time in the laboratory the type antigen is lost and the 
group atone remams A aetum, therefore, prepared agamst freshly isolated bacilli 
wdl aggiutinate both recent and old strains , a serum prepared against old strains 
will have little or no action on recent strains The picture seems to be very similar 
to that which will be described below for the 103 type of Flexnet s bacillus, though 
it IS still doubtful whether the vanation is to be regarded as of the tjpe end group 
or the smooth and rough order 

Little IS jet known of the antigenic structure of the para Shiga group of 
dysentery baalb Dudgeon and Urquhart (19J9), who studied II strains found 
them to be antigemcally alike Sinulat findings were reported by Hazen (1038) 
All (1933), however, was able by agglutination and absorption of sgglutimns to 
distinguish four serological groups among 8 strains , and Sachs (1943) was able 
to distinguish eight serological groups among 107 strains (see also Large and 
Sankaran 1934, Christenson and Gowea 1944} It would appear that the para Shiga 
group of bacilli is far from being antigemcally bomogeneous None of the members 
appears to be related to either Sh 6h$<B or Sh $chm\tzx 

The mannitol fermenting group has long been recogmzed as antigemcally 
heterogeneous The work of Gettings (1919), Murray (1916), and Andtewes and 
Inman (1919) atTorded a picture of the Flerner bacillus as contaisuig at least four 
antigenic components 

According to Andrewes and Inman, each of these components which they 
refer to as Y, IV, X and Z, is represented to some extent in every strain, but in 
any given strain there is uanalty a preponderance of one antigen over the rest 
In certain races, V, W, and Z, there is so great a preponderance of a single antigenic 
component, different in each instance, over the rest as to make them behave 
like distinct serological types , each race requires its own antiserum for adequate 
agglutmation The X race is peculiar in that it will not agglutinate with any 
sera but its own , yet it is able to give rise to a scrum that will agglutinate not 
only X races, but also Z, and, to a certain extent, V races The agglutinins 
corresponding to each of these four types cannot be more than partially absorbed 
by the others Andtewes and Inman fonnd at least two sub races, VZ and IVX , 
these were members of the V and W races respectively, but contamed so large 
a proportion of a second antigenic constituent as to modify their serological 
behaviour One race, which is called T, and which corresponds to the original 
Y stram of Hias and Russell (1903), contains a more evenly balanced mixture 
of V, W, and Z components, with a small amount of X For this reason a serum 
prepared against a Y stram is mote cosmopolitan than the rest, having a wide 
range of agglutination (Fig 144) 

This conception has been challenged by the work of Boyd (1931, 1932, 1936, 
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1938) ]Q India Stndpng & straui of dr<cnteiy badUos knotro as 103, whicit 
was biochemically «umlar to Flexnera baciUos, bet which, when newly isolated 
was not agflntinated by antisera to the V, , T, and Z races and only rery 
feebly by an X antuemm, Boyd ob«erved that after some time m artificial culture 
It gave nse to two types of colony One of them, referred to as 1034 was in 
all re«pecta identical with the smooth circidar colonies of the freshly isolated 
stram and wasTirtnallymagglntinableby VtoZ anbsera The other referred to 
as 103B was <hghtly larger than normal and somewhat rough in outline and 
was agglutmated readily by antisera of tbe V to Z group This variant differed 
farther from 1034. in that it bred true whereas 1034 behaved lile the parent 
strain m consistently giving nse to a variant of the 103B tvpe Further stndv 
•howed that a «eram prepared acaioat 1004 agglotmated both 1034 and 103B, 
but that a serum prepar^agamst 103B had piacticallr no action on 103 4, 4b*otp- 
tion of agglutimn experiments coofinned the sugeesUon that 1034 contained 
two antigens — a and a group — but that 103B contained onlv tbe group 

antigen Since 103B grew tuufonnly in broth and was perfectlv stable in saline 
B<^ concluded that the variation be had observed was more of the phasic than 
of the smooth rough order It differed from the tvpe-group variation «een in the 
fiageUar antigens of organisms of the ^monWfs genus in that it was irreversible 
The tune at which the A — > B vanabon occurs vanes greatly from stram to strain 
Sometimes the parent culture may remam stable for months or vears , at others it 
throws off B variants on first subculture or even m the bodv 

Similar ob ervations were made with other rtrains of Fleiner s baeflJu^ such 
as P119 and the 83 «tTam of the Jscwcastle-llanchester liacfllns Absorption of 
agglutmm eipenments *eeined to «how that the 4 , and Z races each contamed 
a specific and a group antigen. TheT race 
contained groop antigen only The group 
antigen was not completelv homogeneous 
in fact Boyd obtained endence of at lc3«t 
•ijx different components. The X race was 
at first thought to be similar to the others 
but later Boyd (1940) came to r^^rd it not 
as a separate race but as an incomplete 
variant of Z. It will be seen that m con 
tradistmction to 4ndiewes and Inman who 
regarded 4 , TV, X, and Z as each containing 
the ‘same four antigens one of which alone 
was dommant m each race, Boyd believes 
that T, 4V, and Z share gome components of 
a common group anbgen but that their 
specific antigens are distinct (Fig 145) On 
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this view, Bojd (1940) would cla<»3ifj aU strain^ containing the group antigen, 
including the Newcastle bacillus, as belongmg to tbe Flexner variety, numbering 
tbe different races according to tbeit specific antigen, and would include other 
strains de\ oid of the group antigen but biochemically similar to Flexnet’s bacillus 
in a new species for which the name of bo^ has been suggested 
Thus 
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It seems to us very doubtful whether ihe Newcastle hscillns should be included 
in the Flexner group Though it may share some of the component antigens of 
this group, it differs sufficiently m ita biochemical characters to justify its being 
allocated provisionally to a species of its own 

Boyd s work, which u of fandamentat unportonce, has been substantially con 
finned by IVheeier (1944 a, 6) lu the Umted States iVTicelet has extended the six 
component factors of tbe Flexoer group antigen to mne , he agrees that Type S has 
DO specific antigen and therefore cannot be t^arded as a type , and he finds that 
the specific antigen of the W race may be combined with two different sets of group 
antigen components 

Well, Black and Farsetta (1944), neglecting the presence of minor antigens 
found no group antigen common to the l^exner types and therefore proposed that 
tbe Flevner and Boyd groups should be regarded as belonging to a single series and 
classified according to the nature of the primary antigen Fourteen types were 
distinguished in this way, labelled I to XIV Neither ^^^leeler not Weil and his 
colleagues seem to have recognized the form of variation described by Bojd in his 
strains 103 and P119 Weil worked with a relatively few strains, many of them 
isolated a considerable time previously, and it would therefore be unwise to lay 
too mnch stress on his findmgs All that we can say at present is that Boyd s 
classification, though admittedly imperfect, appears to provide us with the best 
wotkmg model for the serological exsmuiation of the Flexner dysentery group 
Takita (1937) observed lu Flexner bacilii a variation sunilar to that m 103, but pro 
ceedmg m the opposite way It is probable that the discrepancy is apparent not 
real, depending on tbe reverse way in which the variants were labelled 

Before leaving Flexner’s baciUos it may be noted that several workers have 
studied its complex antigerac constitntion, particularly Kruse and bis colleagues 
(1907) and Lentz and Pngge (1931) in Germany, and Aoki (1921, 1923) m Japan 
Sartonus and Eeploh (1931, 1932), Clanbei^ (1932), Kemper (1933), and Nagakura 
(1937) have endeavoured to re^te the different types established by various 
workers to each other, but with only partial success Further observations will 
be required before we reach a satisfactory understanding of tbe problem that 
this organism presents 
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It 13 DOW known that 6ome strains of the Flexner Y ranetr omtain somatic anti^os 
that arc foond m the Salmonella group The ■presence of the tuou combmatioa has been 
demonstrated bj* Bomstem, Saphra and Daniels (1941) who point ont that care must 
be taken in the identification of strains on the basis of a^glnunaticm 

The antigemc structure of 5A oUofcscena is still w doubt 4ccordm» to J»eter 
(193S) and Neter and Heide (1940) it conbiins two anti^emc components one 
specific and the other shared with the Flemer badllns. De (i939h) found 
that two serological types could be established dutin'»tushed hy their specific 
antigens, hut that both shared the same group antigen with Sh fexnm Archer 
(1942) noticed that 5A aUof«ce«j might form two Qrpeo of colony agamrt a dark 
ground one appeared clear the other opaque Clear colonies were readdr 
agglutinated opaque colonies were bypoagglntmable but were rendered almost 
completely agglutinable by boilmg Boyd (1933) obierred the occurrence of 
cross agglutination between 5A olAalcccens and anorganic known as F274 which 
was biochemically nmilae to Flemet a bacQlus but was not antiiemcallT related 
to It Rothstadt Fenner and Baker (194‘*) m Australia hare brought strong 
endence to ehow thatP2T4 iscapahlcofgivmgnse to dysentery and hare suggested 
that it should be classified with the Boyd ranety These results are conflicting 
On the one hand there areob®«tvatioTispointingtothej>oiS5es>4onbTf?i cfiolescen* 
of the group Flener antigen and on the other to its relationship to the P274 
type From a stndT of tin* organi-in Stuart, RuLtipan Zunnsetsnan and Com 
gan (1943) conclude that there j a speae« <peciiic antigen A a major anti'^en 
B fmmd aLo in paracolon and coMonn barilli, a munoi antigen C found m Sh 
fietneri and in paracolon and coliform badlli, and minor antigens 1> and £ found 
Bgam IS paracolon and coliform baciQi. Tbe«e workers observed a *«nes of 
•trams showing biochemical reacbons ranging from thoie of the trpinil Sh 
aiM^seent on the one hand to thoae of Bod. eo4i on the other and their results 
render it doubts how far Sh ullafcwiens can as yet be defined as a species. An 
antigemc relationship between Sh aJialesttns and some paracolon bamlli was al^o 
noted by Sentt (1945) 

Sonne s badlliis presents leas difficulty As has been mentioned, thia organism 
forms two types of colony which as Large (19^) showed are serolo^callT distinct- 
\ serum prepared against organisms in the «nioo h colonv phase as^lotinates both 
the smooth and the rough colony organisms, whereas a eemm prepared auainst 
organisms in the rough cdonr phase at^lutmstes only the rough colony organisms. 
There is a close analogy with the 103 strain of Flemcr s badDus. For pracbcal 
identification of the ortnimsm it is unportant that a serum 'hould be used con 
tammg both trpra of agglutinins. Sh ditywr is antigemcaUr heterogeneous 
though Carpenter (1944) found that 3S out of 44 «tTains be studied fell mto one 
tvpe 

It may be noted that the a^lutinabonofdysenterrbacilh occurs rather slowly, 
and that it is advisable to meubate all tests for 4-6 hours at 50’ C and to delav 
the final reading tfll the tubes have been left at room temperature oTem.ght This 
bolds parbcnlarly for the neuxusQe^ alialescens wn»m and dtspar tvpes. 

Apart from the serological difierenbabon of the dy^terv bacilli certain mdirect 
tests may be used to distmgnish between the tvpes, «uch as Michsehs s (1917) 
aad agglutinahon test and snsceptibflity to action of the bactenophage. Theaad 
agglutination test depends on the different H ion concentrations necessary for 
fioccnlation Using the particular raz^ emplcyed by 31ichaelis, Andrewes and 
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TnniaJi {1919) found that Sdinutz's bacilliis, Sh allofesccns, and Sh dispar ^ere 
agglutinated, whereas Sh shgce and Sk fiexnen were not The test is only a 
rough one, and it is doubtful whether the information it furnishes justifies its use 
under ordinary conditions On the other lumd, the susceptibihty of different types 
of dysentery baedh to the actiOB o£ ceitata pbages appeare to be very much more 
specific According to33uji]eta2>d3fcSio (1930^, irbose srtieJe shosM be consulted 
for further details, bacteriophages that are active against Flexner bacilli can be 
divided into four main groups One of these groups is capable of lysing bacilli only 
in the smooth phase, while the other three may or may not lyse smooth strains but 
generally lyse tough attains of all types Characteristic differences in their sensiti 
vity to a senes of phages are presented by the V, W, X, Y, and Z types of Sh 
fexnm 

Chemical Fraetionadaa — Early observations on the c^emieni structure of the-antigens 
of the dysentery bacillus reeled the prrsence of specific polj'sscohandea in Sh ihtga 
(Kurauchi 1029, Meyer 1030, 1931, Morgan 1931) Sh jlexMn, and SK sonn« (Kurauchi 
1029) The more recent work of Boivin and hlesrobrana (1937a-h, 1933) Mearobeanu 
and Boivm (1937), and Haas (1937, 1033a), earned out by use of the tnchloneetic acid 
tecluu<]uc, shoira that the smooth, but not tbc rough somatio antigen of the Shiga and 
Flexner bacilli ccmtaina a polysnechande bapten, which is linked to nitrogenous and hpoid 
compounds to form a complete antigen Similar polysaccharides have been demonstrated 
m 8h ecAmilrt (Ilaas 193Sc) Sh sonnet (Haas 19386), and SK olloireseens (see Weil 1943} 
The stdl more recent studies of ^fotgao (1930, 1937) sod llatgatt and Partridge (1940 
1941), who used the less drastio method of extraction of acetone treated bacterial ceils 
with dicthylene glycol eeem to show that the complete smooth somatic antigen of Shiga s 
bacillus consists of ft specific polysaccharide hapten, a non antigeruc conjugated protein 
and a non anttgemo phoaphohpm of the cepbalin type The polysaccharide is strongly 
dextrorcitatojy and yields 97 per cent of reducing sugars on and hydrolysis When 
combined with the conjugated protein, it forma a powerful antigen It is intereatmg 
to note that the conjugated protein extracted from Shiga s bacillus appeara to be identical 
with tlmt found in the somaile antigen of Salmonella It/pht The polysaochande not 
only forma a precipitate In the presence of a specific antisenun hut neutralizes apecifically 
the hTmolytio action of shi^a: hoterophile antibody (eea Chapter 8] on sheep red corpuscles 
in the presence of complement (Jleyer and Morgan 1935) 

Toxin Formation by Dysentery Baallu — A large amount of work has been 
carried out on the formation of toxm by members of the dysentery group, par 
ticularly by Sh sh7gcs 

In 1903 Cotiradi prepared an autolyeat* of dysentery bacilli — probably Shiga e baollua 
—which he found to be toxw for rabbits and guinea pi^ An 28 hours culture was 
euspeoded m saline and incubated for 24 to 48 hours at 37 5° C , after centnfugalization 
the jellowish supernatant fluid waa removed diluted with B tunes its volume of ealme, 
and filtered through a Berkefeld candle, the filtrate was tested for sterility, and then 
concentrated to 1/10-1/50 of it* bulk at 33®C This product when injected mtra 
venously into rabbits or uitrapcntonealJy mto guinea pi^ m a dose of 0 1 mb, proved 
fatal in about 48 hours In rabbits death was preceded by diarrhoea, collapse, and 
paralysis of the legs , m guinea pigs by a rapid &U of temperatiiro and collapse At 
necropsy Coriradt found in both aaimsls owigestion of the intestine, mucus and blood 
adhermg to the mucosa and frequently unall htemorrhagM of the mucous and the serous 
coats 1Vhea a smaller dose was injected into rabbits the animals lived for 4 to 6 days , 
and ha found that post mortem the mucosa of the last third of the large Intestine was 
swollen, blackish red m colour, and ulcerated lo several places 

Neisser and Shiga (1903) confirmed Conradi s results, and noted in addition that the 
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toiic rabstanwa were piedpitated by aleolta] and etber, and largely deetnjyed by beat 
at "S’ C. Todd in country waa »Ue to cbow tbat 1 to 6 weeks* cnitntes of 
Shiga’s baciUos cootained a solable tozia, which was highly acthe on rabbits and horses, 
bst to a much kaa extent on gnisea-pigs, ra ts, and mice. Flexner’ s baaOas prut ed incapable 
of giring rise to a solnble toxin. Dopter(ld05), stndying the histological appearuces of 
rabbits dying of paralysis sabeeqnent to injection with Sl-hoon* broth coltorca of Sh. 
thi^, obserred definite leeiona in the tpinal cord, ccosisting ehkfiy of chrornatoijsa of 
the anterior hcan cells, eometiinea with small interstitial harmoohages and focal n ecros e s 
of the grey matter. The lesions ocenrred as fieqoently after the injection of toxin as of 
baciD}. Farther work ty Krans andDdrr (1905) led to the conclusion that Shiga’s badDss 
gsre rise to two toxins: (1) a solnhlo toxin, present in S-lO^days’ broth cultures and in 
filtered sahne snspeDSiona of Sl-boon* agar coltnrea ; this was fatal to rabbits bat not to 
gmnea-piga, and gsre to the jvodactkRi of a specific oentoalizing antitoxin ; (2) an 
insolnhle toxin pi i ise nt in the bacterial bodies which was &ta] both to rabbits and to goinea* 
pigs. No soluble toxins were found In colturea of nexner’s bacilhia. 

Flexner and Sweet (1906), using a modification of ConradTs method, ohtaioed a toxin 
from 24-bonis’ agar cultuits of Shiga’* l«ciQas, which, injected intrsTesoasly into rabbit*, 
gaTe nse to diaxrhcea, panljns, eonmlsions, and death. The paralysis began in the upper 
limbs and extended at times to the lower limbs. Sometimes the animaU surrmd for 10 
days after the extremities were paralysed ; they lay on one side in a poritios of oj^hotono*. 
Post mortem, emaO hemorrhages were seen u the brain, and softening of the grey matter 
in the spinal cord. In the intettine there waa ooegestton of the ecroa ; the walls of the 
gut, espec^y of the eseemn and appendix, were thjelened and adematoos, the murou 
was yeOowish'white and thrown into deep fotd^ which were sometme# e u Tc i ed by a 
pseado-membraoe or sdppled with hraorrhagea. The Besestone gUnds were rwnDeo, 
mdematous, and congest^ Heat at 8 1* CL for 1 boor da troyed the toxin, Tbeaeebserra- 
tionswere largely confirmed by Bessan (1911), who eoDcloded that there were two diSmnt 
toxins— one a paretic or oeoro- toxin causing paralysis of the Duscles, the other a BAmmk 
or iiitestmal toxin causing a fafi m teaperature, diatrhcea, and chronic marasana. The 
paretic tom was oeotrali^ by antitoxiB. the marasmie toxio was not Farther, rabbits 
were affected by both toxina, whereas in gatnes-p^ the paretic toxm was without 
effect. 

Besaau’s oonclusiona were supported by the obserratioBS of OLteky and Klizkr (192Q), 
who conduded that Sh, ihiQi foiroed two twrine ; one a iieurotoalD acting on the central 
nerrou* system of tlw labW and identiSed by Obt^ and Kligfcr as an ezotoxrs : the 
other baring a specific aSzuty for the isteetine and regarded by Ohte^ and Kllgkr as 
an endotoxin. 

This coDC^mon was ebafiensed by Okell and Blake (1930), who found that toxin 
was not liberated from the cell bodies in the ab^eooe of actolrsis. and therefiBe coaclnded 
that tl^re was only one tosn jBodaced. namely an endotosn. The more Ttcemt ehenitrat 
work, howerer, of B«Tin and Ifeerobeasu (I937a-A, 193S) l?axw little doubt that the 
dual conception ts etureoL By means of the tnchkaacetis acid method tlKse workms 
were able to demonstrate the presence in cnlturea of Sin’s haciHas of (I) a thermostabk 
glycobpoid somatic antigen, which they regarded u ao endotoxin having an entcrotoxie 
effect, and (2) a thsnaolabile proteia rabstasce, which they tegaidsd aa an exotoxin 
having a neurotrojHc effect. The exotom is Specific to Sh^'s bsoHns, and may be 
femned by either antigenicaHy smooth or roozb strains of this organism (Haas 1937, 
Istrati 193S, Stoabbm 1913, Olitzkx <t al. 1913) ; the gidotoxin is inmTUr to the smooth 
somatic antigens found in other membesa of the dysmtery group (Haas 1939i, h, c) and 
to the SalmontSa group (see p. 724), and is sbsmt frva antigenicaHy nongh strains. 

It is po'haps unfmtunato that the teens eadotom and g g t oxin have been used to 
refer to the two types of toxic substances produoed by Sh^’s baoHus. The soea&d 
exotoxin b cloeeiy bouid up with Ub e^ bodies and, as the observatiiBB cf Okell 
Blake (1930) showed, (see also Olitzki, Bead<WEky and Koch 19l3). is not excreted 
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by the living bacilU but appears free in tfie culture tnedium only after autolysis of the 
dead cells Las begun Again the uapbed distmctios between enterotoim and neurotorm 
IS misleading emce it is apparent that the bo called exoto-nn bes dea causing paralys s 
of the limbs leads also to senous changes m the intestine perhaps by causing vaaoconstnc 
tion of the mtestmal blood vessels (Pennet and Bernheim 194“’) For the present it is 
better to refer to the so called exotoxm by Steabben a term neuro-enterotoxm. 

SummanrtTig our present knowledge we may say that Sh shigcs gives rise to 
a specific soluble aetiro enterotoxin which is present in broth cultures about a 
week old in filtered autolysates of 24 hour agar caltures and in the dried bacterial 
bodies It 13 destroyed by a temperature of 75‘’-80'’ C maintained for an hour 
If prepared by a method favouring bacillaty autolysis (Hansen 1936 Takita 1939) 
it proves fatal to mice inoculated intra\ enously lu a dose of about 0 001 to 0 01 ml 
It IS fatal to the rabbit causing paralysis of the limbs diarrhoea and collapse 
but has less action on the guinea pig m which diarrhma and collapse alone are 
produced It is a protein and may be precipitated by trichloracetic acid {Boivm 
and Mesrobeanu l937o) and to a less extent by the addition of 40 per cent solid 
ammomum sulphate (Blake and Okell 1929) It gives rise to and is neutralized 
by a specific antitosan Vihiehcombmea with it inconstant proportions In addition, 
smooth strains of Shiga a bacillus contain a toxic somatic antigen which is a hpo 
polysacohande conjugated with a protein resembling similar «mootb antigens m 
the SotiHonello and in other members of the Shtgella group 

"With the partial exception of Schmitz s bacillus the high toacity of Sh shigce 
IS not nvalled by other dysentery bacilli The gioand up bacterial bodies of 
Sh Jlexnert Sh aonnet and Sk dispar prove fatal on intravenous inoculation of 
rabbits but only lo a doso that is about 20 times greater than the corresponding 
fatal dose of dried Shiga cells Schmitz a bacillus is \ enable in its toxicity 
According to Buchwald (1939) it may give n»e to a thermolabile neurotoim 
precipitable by trichloracetic acid from old broth caltures and causing paralysis 
of the extremities when inoculated into mice and rabbits but it appears to be 
rather less potent than that formed by Sbiga a bacillus Sh aJkaleseens is said 
to be non toxic 

Pathogenicity — Sh shxgie Sft sdmxtzt Sh fiexnen the Newcastle bacillus 
Sk sonnei and s number of types described by Boyd (1938 1940) undoubtedly 
give rise to dysentery in man The role of Sh attafescens is still doubtful though 
it may be responsible for infections of the unnary tract Sh dispar appears to 
be non pathogenic. The evidence in favour of the pathogemcity of some members 
of the para Shiga group is strong but further observations ate desirable (For 
fuller information see Chapter 70) 

■\Yith the exception of captive monkeys which may carry Sk fieri m m the 
gut (see Lmell 1929) and which may sometimes as on a vitamin defiaent diet 
(Verder and Petran 1937 Janota and Pack 1939) develop dysentenc symptoms 
(IPreston and Clark 1933 David and Schirl 1939) and with the possible exception 
of dogs which may be infected with either Shiga s or Flexner s bacillus (Dold 
1916) animals do not appear to suffer from dyaentery It is not possible to repro 
duce the typical disease as it occurs m man by experimental inoculation or feed 
lUg of the ordinary laboratory animals Nevertheless many dysentery organisms 
especially Sh shgee are toxic to rabbits horses and mice and to a less extent to 
guinea pigs After subcutaneous inoculation into rabbits dogs and young pigs 
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the IjTing bacSli maj becom* locabc^ m tis* inlesiuae and pre ns* to catarrlul 
and necrotic lesjoa* winch o^ten p*tire Csfal (\ aSlard and Dop‘er 1*KQ) 

RiiBiTS. — AsmaUdose — 001 mga ofaSl-bmis acw cnJtar* 5«i — ts'iec‘*d 

intTSTenotuslr proms fatal m 1 to 4 daTS. Deallii* j«wed^brcLini«4,ps’es3e*t'tal 
paralr^ of the extmaities, arwl oc^pec Feet roorteB. there bst be tianniares into 
the eabcctaaeons tisoe and pentmcoin , the isteste>% eepeeiallr the csccb asi t^as, 
IS coace«t*d and bst show eahtEnterea bxscsThanes. He taacosa it»5f » wcnesled. 
ttdematoas, and sossetinies studded with pet«ti»{Vai!lard and Dop «• 1*^35. A-aio I'O'J. 
Intbelnsuenof thepntthereisdWiiBTittBdorUoodTfiTad. Aca2aritrtsreisseeaaf*eT 
inj»ctioa ofdeadbaoHiia larrwqnaatirr OTof ionn. Tf^ s;na!W /t->a» f.f 
there maT be tsji» fc* ntcroas and antnai edeeratson cf tis intes*!-# to oeesi Tlss irn:^ 
baolh can be rec o ryed from the zanccKi aj>d firoa the oesrespee^nj^ laeaiotea^ giinds. 
^•■obentaneo® jsjectKJn anch the same effect aa mtraTtnoss, 1?^ ths arjT-.^ta -amm 
loaner Th» le*ioas fo!lo*ta5 Ej'-cboai of I>ia*r c aad ®i(an»s s haaSns aro i»t cnEi- 
these produced hr sliyff, if a saStaeat daee u green, Ifflt ti^ ar» tarejT » nei r e 

Mick. — 0-1 jnsa of a St-boon coltme of Sh *l»y« ioje'‘ted Cinper'.CTeali-* o* 
aohcQtaneooslr killa the m 1 to 4 dsTi. At pec rop ef there jnav be 09 ersdest 

change or there max be talarrhal tnffaaeistMO of the ia1e?Qa» srrth walerv Esress a the 
pot. ^ ftntn and ^ aeean ofiea prore fatal oa iatTaps*t«sfal lay^ditma ti 
large dcaes- 

Gciyzi WGS. — ^Th»e aniT"a1« are less ensceptible wt;^! for we-it, to Sk. 
than are nhhits and saice Tbs ksions prodneed bx v^broiasetxa or rstnpeixtceMaJ 
lajectiKi of hxB5 baeilli xarx After a fatal dose the*eznsxb" no zntz^ sjurowopi* 
ehaagea, or there oax be iS4e5tutal k«GBs aeatar to those fosad m rahb ts. ll».h sax 
be placed bx large utnpentonsal doses cf ITe m e t a ox Sana* a bvtSM. 

Oma AsQEans. — Bx grrms a eat J drop of eroto ah and nj^-enj a whoJ» anar 
elope of <hiaa baaQu dsectJr into the atoaaeh, Shun (1^) w eesded xa ^ 

diarrhcea fc<r a vseh the passed crx, slisp^ rtcc^ bvs which the badlS eoold 

ahraxs be eoltnated. It died 4 sreela btex . at n ^c rop^ there wa» coayetiaa of the p»gal 
aaraaa, and a eoreccig of Bonu oxer the whale c' the Urgxgat. Th* ba«£7as wws 
r eoox e red front the cwnini and large int^tiae. Moe* we nb* ’ ! Lax* £a3-d c^ple'elx to 
reprodnee true dt«e3l«jc bstons ia<ats.doca.r»bh-ta,or£sonimtiih5rbxi2v«ta»p«T 
<M or per rwtejpi thooeb tbefredinnof bosIfts wtthlaTg“d9sescfFfexse“sl«cIte car 
pixe nse to aerxie dx^eaterte aneptoBB (see DacA and Petraa 

Qassificatiaa. — Space do« no f»rcii*ofadesc23p*^a o'^thennrn-F'onsa^^einpts 
that have been toade to affowi a ssti5&ct<rx claa-iScatioa of th* dx^ec^erx laeiS. 
Thftrf max be sammanred bx saxing that Lentz (1*02) m Gecnanx fiat perceived 
the diffe’xnee between th' mannitol and the ncm-tcanai'ol feneemes , tha* Hiss 
in the United States later *tippo*ted bvBo3!»n(l*^) laDenmail, *n!r«=^ed 
a cUsnfication. on fermentation inactions that Kmse and his ecCea-n^ (^*'37} 
in Gennanv realized the ralne of «ero^opcal methed* of dasziScatioa, and had 
the ment of pomtin" oat the tODp'eziVr cf the mami-lo! fermsitins 

gxonp that Shma (190) and An^o (1®'!^) in Japan cosbmed fermentation 
and «eiolo2cal methods, that GeMmns (1^19) 5Iiir*sv (I®!**) and Andrxwes 
and Inman (1®1®) m England amred mdependeatly at lesnlj a^reeni: clo=»eiv 
with each o*he” and showed that the con manni'd’ •emmafang Sii<B badllas 
was antmenicaDv dirtinH and homomaeros, whereas tie inaniL.*ol femne'tmc 
bacilli, of which Flemcr s baoDas was the enmpls, were he €ro''e.i«in5 and 
dmable in o four tTpea acroniing to the prep^demnee csf o-* cr oti*' of ti“ 
antigenic components V IV, X, and Z, and that Bord {1®3I I®?* 1*C5, 195% 
1940) reached a different co’^nami on tie ananenic 'trac^nr* tie mannrej 
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fermenting group fmliiig tint Bome Btraiiu shartnl a group antigen and that 
otberB did not 

All workers are now acrecd tint the mun lines of cleavage arc (1) between 
the iinnmtol and the non mannitol fermenters and (2) m the mannitol fermenting 
group between tho non hcto«c ami the hte-laclrwe fermenters Opinion vanes 
maml> in respect of the differentiation of antigemc types from species and the 
nomenclature to be emjiloyeil 

In the non iimmito! fermenting group SA scimil i is distinguished from 
Sh si pjm b\ fermenting rhamnose proilucing indole an 1 being antigenically 
distinct The "Newcastle I acillus mav or may not ferment mannitol the non 
mannitol fermenting strams can bo distioguished readilj from i>fi s/iigr or Sfi 
jfAmi/ i bv tl eir prmliiction on first Lsniation of a I abide or two of gas in tubes 
of glucose and dulcitol and hj their different serological behaviour Besides 
(hose species there is a group of organisms at present liMcfined which resemble 
Sh tJitger or Sh fehmt i I locheimcally lut didder from both in their antigenic 
structure These organisms have 1 een described by Dudgeon and Urquhart (1919) 
as para^higa bacilli Since thev vatj in their fermentation of arabmose their 
production of indole and their serologieal reactions it is imposaible to say at 
present whether thev should be classified as a single species Sh jtarathges and aub 
dmded into types or whether mote than one species will be required o prefer 
to leave the matter open and refer to them simply as para*Shiga bacilli 

In the non lactose fermenting suMivision of the mannitol fermenting group 
Sh alkaletems ditfers from ino«t strains of Sh /ejnen in fermenting dulcitol 
xylose, sorl 1 to) anJ according to de Assn most important of all glycerol 

Itjs moreover ausccptil Ic to acid agglutination Thc/cxncrt types are peculiarly 
difficult to clas.«ify eatisfactonlv at present The old div ision on antigenic structure 
into D, and 7 tiTcs Jus been chsllenge<l by Bojil (1D3S 1910) who does 
not recegiiue the X t)*pc and who proposes to replace tl e letters 1 and Z 
bj the Koiiun niimeraU i ii in and to include under the term liact djfenlenet 
Flexner three other f>pes iv v and vi corresponding to his strains 103 PllS 
ond 83 All of the«Q type* according to Bojd share a common group antigen 
Other strains biochemically similar to Flexner s bacillus but not containing the 
Flexner group antigen he would put into a separate «pecies labelled by iis own 
name, and div idc them on an antigenic basis into fJact itijsentfnre Boyd Types i ii 
and 111 corresponding to his strains 170 1*288 and D1 

This raises serious diflicultic-s both of classification and of iiomenclatnre 
Leaving nomenclature until 1 ilcr wo think that there is a good precedent for 
classifying antigenic variants of the Mine species into types distiogmshed by 
numerals, for (his reason wo would welcomo the replacement of the letters V 
W, and Z b> numerals Vic think also that there is justification for classifjmg 
biocbemicallj smular but antigenicallj distinct organisms as separate species 
and we see no ol jcction to the use of the term {njd as a specific name When 
however, we conMder the constitution of the Jfexflcn species we ate faced with 
two difficultie* namely should the \ type be omitted and should stram 88, which 
13 a mannitol fermenting variant of the Xeireastle bacillus be included ? In his 
1938 paper Boyd concluded provisionally thatX contained a distinctive type anti 
gen, and it was not till 19 10 that he decided that this type was merely a variant of Z 
Frevioas workers have had little difficulty in recognising the X type and tie 
evidence on which it has been degraded might be considered as unconvincing 
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8tiU, m out opinion, good reason fox continuing ttu mode of classification, but 
there is now perhaps reason for proceeding still futthei m the taxonomic differentia- 
tion of these organisms As we have already explained in the previous chapter, 
the term Salmonella has got for practical purposes to he accepted genencally, 
IE spite of the logical inconsistencies -whicli its adoption leads to If we accept 
this, then we ace forced to separate off the dysentery bacilli from the Bacferiitnv 
genus, and classify them under a separate generic name, such as Shgella The 
specific names can then follow easily American worters have adopted the specific 
name ambtgua m place of schmiUt and of ■paTadysaUence in place offiexnen 
Both Schmitz’s and Flexner’a hadllus ate so well known by the names of their 
discoverers that it is a pity not to perpetuate this association in the nomenclature 
of the dysentery group The strict systematist may object that the terms ambigm 
and •paraiysenkncB have priority, but this argument has little power to more as 
The pnmary purpose of nomenclature is utibty, and to insist on an inapt and 
umnformative specific name merely on grounds of botanical convention is to forget 
that the Sabbath was made for man and not man for the Sabbath The classifi 
cation and nomenclature that we would surest as being the most valuable for 
teaching purposes is given diagrammatically m Fig 146 
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yole S^igil/a neuxastle may or may not ferment manmtol and has 

been omitted &om Uie figure 


For two recent reviews of the dysentery bacilli reference may be made to 
Neter (1942) and Wcil (1913) 


AT.T il (193S) J Egypt mid An ZI, 650 
AMiKo, T (1908) Z Hyg I-nfeitKr , 60. 93 

Andbewes F W (1918) Lancet i 560 r j nr 

Andeewes F W andlNMAS.A C {1319)2rpee *«J» Sir med En Court , Lond .Bo 42 
AOD, K (1921) Tokdhu J Mp Med, 2, 142, (1923) Ibtd , 4, 12 
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CHAPTER 30 


SALMO'IELLA 

DEnsmQ’i — Salmon^ 

Gram native non apcxing rods usoallj 1-^ ft long and ft broad 

Prunarilj intestinal parasiU'a mdelj distributed in man tnammals and birds. 
With few except ons all specie* are motile bv pcntnchate flagella Easily cultivable 
on ordinary media Aerob e and faenltat vely anaerob e. Apart from s few 
spec ea that form ac d only ae d and gaa are produced from glucose mann tob 
dole tol, and sorbitol Lactose, sucrose adomtob and except rarely salicin are 
not fermented Indole end acetylmetbylcarb nol are not formed Gelatin is 
seldom liqneGed B^S product on ts usual. The species are closer rdated to 
each other by somatic and flagellar anttgena most species ace d phasic Pstho' 
gemo for mau animals birds or all three giving nse to food poisoning entmtis 
or typho d like infect ons 

Nomesclatare — la Chapter 2S tre bare already meotioned our decision to 
split oS the ^almonello and Sh yello sab-gronps from the wide gtonp of Gram 
negative non aponng tods previously cbsaified under the genus Bietenurn The 
jnstification for this decision is one of expediency That the close relation of 
thru ant gemc copiponents and the type of disease to which they give rise serve 
to diSeientiate the salnoDella and the dysentery hatilh from the ordinaiy colifoim 
bacilli will not be questioned but whether it is jostihable to give these sub- 
groups generic rank and to distinguish each of the antigemc types by a specific 
name when m the 5/r^^ococcus group the znam sub-groups are not given genenc 
rank and the antigenic types are treated as vanclies and labelled by numbers 
13 very questionable That the term species is being used with two different 
connotations is clear enongh, and we maLe no attempt to defend such incon 
sistency On the other hand we may plead that bacterial taxonomy is still m 
a process of evolution that there is as yet no general agreement on the definition 
of the terms genus and species and that until a final ruling is laid down 
by some properly constituted international committee we as writers of a text 
book of bacteriology must be fcee to select such names from among those that 
have been proposed as will best serve to aid the student m the recognition of 
the ranous groups of bacteria that be has to study 

So far as the term SalmoneSo is concerned a special sub-committee of the 
Intemabonal Society of Jlicrobiology (Report 1931) recommended the adoption 
of the terminology introduced by Kapffmann which recognized the genenc status 
of the Salmonella group and the specific rank of each of the antigenically distin 
gmshable types Smee then the number of recognized types has more than 
doubled. There are now over 130 specifically named serological types around 
which an extensive literature has grown up It is therefore almost inconceivable 
that any international committee on nomenclature appointed in future would 
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suggest such chaugea in definition as srould necesaUte the d^radation of the 
generic terra 5ofJ»l0^e^fa to specific tank, and tie numbering as TOiieti*^ of sU 
the present named species Convenience and expediency must be our justification 
for adopting the recommendations of the SalmoneUa subcommittee in face of the 
obvious illogicality of using a different system of nomenclature for members of 
fie Streplococeus group 

If, hovrever, we decide to employ Salimnelta as a genenc term, we must take 
cate to define it as far as possible on tie same genera! principles as have guiIM 
us in defining other genera The hues of demarcation in biology can rarely be 
sharp It 13 dangerous to rely, therefore, on any single character in the identifi' 
cation of a bactenum Here we find ourselves in conflict with Kauffroann (191!), 
who lays doira the follonxng dcfimtion “ SalmoneUa bacteria arc Gram negatiie 
bacteria which, on the ground of their antigemc structure, can be tncluderl in the 
Kauffmann-ll hite scheme ” If we rely solely on antigenic constitution, as Kanff- 
mann does, we shall be logically compelled to include m the Salmfynt]la gf-nus 
eiery organism, no matter how different it may be in other characters, that con* 
tains a single antigen hitherto recognized in tbe scheme of cktssificalion draitn 
up by Kauffmans and UTute Already numerous strains of cohform and para- 
colon bacilli have been found to contam one or more of the H or 0 antigens of 
SahnoneUa (Habs and Arjoaa Gard 1937, Gard a&d Enkason J939, 6chiff 
Bornstcin, and Saphta 1911, Saphra and Silberberg 1912, Peluffo, Edwards, and 
Bruner 1912, Leon 1912, Wheeler ft ai 1913, Edwards, Cherry and Brurc? Jpij] j 
and some of the Sabnoncl/o 0 antigens ba\e been recognized in strains of Flcxner 
dysentery bacili (Bornstein, Saphra, and Daniels 1911), and even jn nicoibcm, 
of the group (SchUtze 1928, Pirosky 1938) To transfer these organisms, 

which differ in fermentation and pathogenic characters, to the genus, 

merely because tbeir constituent antigens happen to share some of tbe iicce<i«arily 
bmited groupings with those common among the salmonellic, u not only to lose 
all sense of proportion, but to sanction a principle m bacterial nomenclature that 
cannot but lead to nrocrressivclv incrcasioff confusion 
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and carnivores are not nnconunonlj infected Except for one or two inenil>er3. 
Ilk© the typioid baciDna, ttat are nem pathogenic to animals, tnao docs not seem 
to act as an important reservoir of infectum, the Invading organisms ace qnicklv 
thrown off, and the chronic earner state is unusoaL 

STorpboll^. — ^The shape, eiae, sfnictuie, and arrangement of the bacterial 
cells do not differ matenaUj’ from th<se in the Baderium group The usual length 
IS 2-3 fi and the usual width 0-6 fi , bat considerable deviation from these modal 
values 13 found under different enviTonmental conditions and m different cultural 
variants, ^th the exception of i^lm ^ffinanim and its variant puffonim, all 
speaes are motile , though indindual non motile strains of the typhoid bacillus, 
for example, may he encountered occaaionally in the body, and non motile variants 
may be thrown off under cnJtural conditions in the laboratory Motility, however, 
13 such a general characteristic that faHoie of a strain to exhibit it on primary 
isolation from the body must be regarded as ^most "mfSciect in itself to exclude 
It from the Salmonella group Whether the flagella are pentnchate, which has 
been the conclusion drawn by most 
worLeis from a study of fixed and stained 
bae3]j, or whether, as appears posable 
from Pyper'a (1938, 1940) studies of liv- 
ing tvphoid baciUi by sunlight daibground 
photonucrography, they are disposed one 
on each adeof the bacillas, u dispatable, 
and IS for our purpo^ more of academic 
than of practical importance 

Capmles are cot ordinarily formed, 
butmanyepecieMiotably&lm jantyphi 
B, may give rise to mucoid colouea in 
which the icdindual organums are ear 
rounded by a polysacchandMontaming 
capnilar material (Fletcher 1918) TTie 
no 147 — Sfltnu enierntJu formation of a capsule by the typhoid 

Colony on agw pbte after 24 fcoort (X 8) badDus has been described by KOhne- 
matm (1911), Caipano (1913), Marrassiiu 
(1913), Sbimtdsn (1913), and Gay and Cla-vpole (1913) 

Cultural Characters — ^The members of this groi^ grow readily wi oidinaiy 
nutnent media and cannot be distinguished from cohform bacilli A few speaes, 
however, such as paralypM A, abortus-oiis, Igpht svis, sendai, and ptiUorvin, grow 
less abundantly and form bnt a thm layer of growth on an agar slope. On bnlliant 
green agar plates the difference is particulsrly noticeable, the growth being both 
slower and le^ abundant than that of other members of the group Salm. typhi 
and Salm rostoci. likewise grow poorly on bnllunt green agar, though derelopmg 
fairly well on ordinary nutnent agar In broth, smooth strains give nse to a 
uniform turbidity, mcreasmg rapidly during the first 12 to 18 hoars of growth, 
and then more slowly up to 48 to 72 hours PeDicle formabon is rare, and when 
present is slight. A depost forma as growth increases , this disperses readdv 
on shakmg leadmg to an increase in the turbidity of the culture 

On agar, the colonies arc relatively large, with an average diameter of 2-3 mm , 
but they vary eonaderahly m sire They may be circular and low convex with 
a smoo^ surface and entire edge , ^ej may be flatter with a less regular surface 
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and a more effuse serrated edge , or tbey may assume the vine leaf form which 
used to be regarded as characteristic of Salm typhi Dwarf colony forms are 
sometimes met with They were first described by Jacobsen in 1910, and have 
since been reported on by several workers (Mellon and Jost 1926, IV J Wilson 
1933, Morris, Sellers and Brown 1941, Moms, Barnes, and Sellers 1943) On 
ordinary agar the colonies after 24 hours' incubation are only about 0 2-0 3 mm 
in diameter Accordmg, however, to the original observations of Jacobsen (1910) 
which ha\e since been confirmed many times, colonies of more normal size are 
formed on media containing assimilable sulphur compounds 

As has already been noted m the previous section certam species notably 
Salm jtaralyphx J], give rise under favonrable conditions to a mucoid growth 
Sometimes the colonies are mucoid after 24 honrs' incubatiou , they are about 
iinci? tie of csloofos sad rewmble large drops of nmedage (Ketcier 

1918) More often the mucoid appearance is developed as a secondary phenomenon 
after prolonged incubation Thus, if an agar plate is inoculated in three or four 



places with the point of a needle, and after one day s incubation at 37° C is left 
at room temperature for a few da^s, large colonies are formed characterized by 
a depressed centre surrounded by a loxunant mucoid wall The mucoid wall 
test ' , or Sc/ileimicall Versucli described or^naUy by SfUller (1910), is of some 
differential value, being common with roost freshly isolated d tartrate negative 
strains of Salm paralyph B and generally negative with Salm typhi munvm 
(Eanffmann 1941) The mucoid material contains a polysaccharide (Bireh 
Hirschfeld 1935) which appears to be sntigenically homogeneous no matter by 
what species of Salmonella it is formed 

Resistance to Heat and to vanons Chemical Substances — 'lost members of 
this group are killed by exposure to a temperature of 5 d° C for about 1 hour 
or of 60° C for 15-20 minutes Many observations have been made on the resist 
ance of salmonelte to different chemical reagents chiefly m an endeavour to 
prepare selective media on which the growth <rf cohform bacilli would be mhibited 
Malachite green in suitable concentration kills Bad cob or inhibits its growth 
withont exerting the same effect on Salm typhx {£,oeffler 1903 1906 Lentz and 
Tietz 1903, 1905) There are other green dyes that have a similar selective action , 
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and the studies of Browmiig Gilmoor, and Mackie (1913) and of Kromwiedc 
and Pratt (1914) have shomi that bnlhant green gnes the be«t results To this 
dye baeiUi of the paratyphoid group are most re'-istant, the typhoid bacillus is 
somewhat less resistant, whereas the dy&enteiy bacilli and still more the coUform 
and paracolon bacilh are very susceptible Caffeine {Roth 1903 Hoffman and 
Picker 1904) and lithium chlonde (Gray 1931, Havens and ilayfield 1933) are 
other substances that inhibit the growth of Bart ccii in concentrations that ha%e 
no effect on the typhoid hacOlas Sodium tetrathionate is now being eitensirely 
used to far our the growth of salmonellm at the expense of the coliform bacilli 
(jSIuUer 1923 Schafer 1934-^ Jones 1936) — an action that appears to be due 
not to any inhibitory action it po‘«c*scs on cohform bacilli, but to the abilitj of 
mo‘5t organisms of the Saintonetia group to reduce this substance and u>e it as 
a source of energy (PoUock, Knox, and Cell 1942) Sodium 
desoxycholate in the presence of certam other substances, m 
hibita the growth of coliform but not of dysenterj or salmonella 
bacilh and is being used increasingly in the preparation of selec- 
tive media for the isolation of intestinal pathogens (Leifson 193o, 
Hynes 1942) Selenium salts are also of value for the same 
purpose (Guth 1916, Leifeon 1936) 

Biochemical Actmties. — Vs stated in the definition of the 
genus, the members of this group do not ferment lactose sue 
ro«e or adonitol Sabcm al«D i* rarely fermented, and then 
only late On the other band glnco«e mannitol dulcitol, and 
sotlitol, and almost invariably maltose and dextrin, are fer 
mented Apart from a few species, hke Sahn /ypAi and Salm 
gaUmarvm gas is formed, though anaerogenic varunts are not 
uncommon. Among the ordinary sugars, arabmose, xylose 
trehalose and iDO<itol are UBefulfortbe differentiation of species. 
As examples, we may quote the failure of SaUn ehoJera jww to 
ferment arabinose or trchalo<«e, which is of value in distinguish- 
ing it from Sofm parofyphi C, and the failure of Sufm zayreh to 
ferment inositol, which is of i alue in distinguishing it from Salm 
Fso 150— Salm sainf-paul The power to ferment rhamnose often vanes with 
"4 bou^^coiiB different strains of the same species , this is someUmes made use 

“on agar dope ^ Separation of epidemiological types, as, for in'stance, in 

Salm l^pht munum (Edwards and Bmner 1940o) 

Also of value in the differentiation of species are the organic acids which were 
introduced by Brown, Duncan, and Henry (1924, 1926) Those commonly used 
are d tartrate, t tartrate, I tartrate eodtum citrate, and eodium mucate Pailuie 
to ferment t tartrate is fairly common , the other four acids are acted upon by 
most ^ecies 

In the past considerable attention has been devoted to special reachons One 

of these first described by Stem (1916) consists m growing the organisms under teat 
in a fuchsm sulphite glycerol meat-extract medmin &nie organisnM kmowu as Stern 
positive produce m this medium a deep lilac colour within 3 daj^ If the medium 
13 pink to red after a week, the strain is regarded as * Stem negative ’ Vn intermediate 
group of strains sometimes regarded as giniig a weakly positive reaction, turn the medium 
deep red purple or lilac m betwera 3 to 7 daj^ The reaction is apparently due to the 
formation of an aldehyde It is cmtainly not due solely to acid formabon. 
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4 

4 

4 




■«-4 



Salm. etmaiury 

+ 

+ 

+ 


4 

4 

4 

4 

4 

- 

4 

4 


4 

~ 
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TADLE 46-— eoflfiHual 


FzR»fB\TJT10*f REACTION') oP SALitOiBLLA GbOVP (uODITIKD PROM KACFTSUK't IWl) 


Speetes 

I 

1 

1 

S 

3 

1 

1 

E 

S 

|i 

1 

i. 

i 

3 

4 1 

ct 

s 

1 


1 
0 ■ 

i 

ll 


o| 

|s 

Other Sebolooioai. Groups 







1 









iSafm aierJsen I 

+ 

+ ' 

+ 

_ 

+ 

+ 1 

+1 

4- 


+ 





_ 

iSalm rki:skuf 1 

+ 

+ 

+ 


+ 

+ ■ 

+ 

+ 

+1 

~ 

4 

4 

44| 

4 


Salm toU 

+ 

+ 

+ 

- 

+ 

+ 

+' 

4- 

+ 

+ 






Salm. poona 

+ 

+ 

+ 

- 

+ 

+ 

+ 

4- 

X 

- 

4 

4 

44 

4 


^a/m, icvrtitrrgfan 

+ 

+ 1 

* 1 

+ 



+ 

4- 








Salm tneXifa 

Salm. Aaiana 

: + 
,+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 1 

4- 

+ 

+ 

+ 

41 

4 

4 

44, 

T 1 


Salm. Aeees 

+ 

+ 

+ ' 


+ 

+ 

_ 

+ 

4- 






_ 

Salm. earrau 

+ 

+ 

+ 


+ 

+ 


4- 








Salm ondertftpoort 

+ 

+ 

+ 


+ 

4- 

+ 

+ 

+1 







Salm flcnda 

+ ^ 





+ 

4- 

4- 








Saha maddui 

4- 














_ 

Salm. hmltingfois 

1 + 

+ 

+ 1 

+ 

+ 

+ 

+ 

4- 

+ 






_ 

Salm jaminara 

' + 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

41 


4 




_ 

Salm sunlu 

+ 

! + 

+ 

- 

+ 

+ 

+ 

-1- 

+ 

4 

4 

! 4 


4 1 

- 

SaJm, Lrlss 

' + 


+ 



+ 

+ 

4- 

4 1 

4 

4 



4 ( 

_ 

Salm eerro 

+ 

+ 

+ 



+ 


+ 

'4 





4 I 


Salm itnhuky 

+ 

; + 

+ 

+ 

+ 

: + 

+ 

+ 

4 


1 4 


T 



Salm, mntum/a 

+ 

+ 

+ 


+ 

+ 

+ 

4- 

'4i 


'4 


44 



Salm td-aiae 

+ 

+ 

+ 



4- 

1 + 


4! 







Salm baHervp 


+ 

+ 


+ 

4- 

4- 

+1 



4 





Salm hcfmetchtt 

+ 


+ 




+ 

4- 








Salm ur&ina 

+ 

! + 

+ 


■4- 

+ 


+ 

4) 







Salm adduide 


+ 

+ 




+ 









Salm iarerntst 


+ 

+ 

; + 

+ 

+ 

4- 

+ 

4 


4 

4 


4 


Salm amona 

+ 

+ 

1 “ 

— 

+ 

+ 

+ 

“ 



4 

4 

44 

4 



{ + = positiTe mthin 3 days. 

+1 = posiUto tmuUy 4-8 days 
X = late or iirrgalar]y posiUTP often orgatiir 

y « vanable with difierent strains 


Stem s glycrral 


iiZac m 1-3 days 
pnrple or lilac in 4-3 days 


Gelatin 


= rapid bqoelaetioii. 
= eltnr LqDeliactjOB. 


The Second reaction was descnbod by Bitter Weigraann, and Habs (1926) It is 
essentially a te<t of the abiLty of the organism to grow in a synthetic medium containing 
amaomuni salts as the main scarce of aitngca. A 1 per cent solation of sugar of which 
the most generally useful is rharonoso is added to test the fcrmentatiTO power of the 
strain under these conditions Strains that grow readily ferment the sugar and an 
referred to as ammonium strong Strains that grow poorly and fail to ferment tl e 
sugar are referred to as ammonium weak The result of the teat may be negntue 
not because the organism cannot grow in an ammonium medium but because 1 ke son e 
Btrams of Salm jwm/yphi JD it fails to fcrnient thamnnso In practice the jnoculatwl 
medium is meuinted for 20 houta at 37*C , methjl red is then added to determine 
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wbetier or not tie pH has been lowered to the point «t which this indicatar pres its 
characteristic red colour Instead of iho liquid iBednun a citrate Agar mediaza introduced 
by Simmons may be employed This has been eitensieely used by Hohn and 

Herrmann (1^366 c) According to Kaaffmans (IS41) le^ reliance can ^ fJaeed on 
the ammonium reacbon than on the fermentation of cn^ame aada. The atnmcsirem 
reaction and the reacbon m Stmi s medium are bowera- useful at tunes, as, fcff instance 
m the differentiabon. of the fermeatabTU types of &ilrn. «Uen tJu (KaaSmann I*t3d4) 

In litmus rmlV the great majontv of speaes produce ti&natoiy aadity followed 
by permanent alkalinity in 3 day* bnt with a few gpeoes like Silffi. paratyph A 
Salm- abonuf-<!n* Sahn typhi sut* Salnutyp^i Salm. seitJai andSalm puflonm 
the reaction in 3 davs is neutral or sluthtly aai On the whole LttJe informabon 
of differential value IS gleaned fromastudyof the resfhoninbtmos milk andKanF 
mann has now ceased to include this medium in his senes of routine 

With the exception of raoint colonies of 5affn roj'ioumc and very occa 
«ional variants of Salm trUnlidu and SaJm panama (*ee Seligmann and Saphra 
1943) indole production is tmiformlr negative. The majority of strains form 
but 5fllm fypXi-twi.» Salm sendoi Sdim yallinarum vai duishuiy and&ilm. 
*ettf}fnbtry var neircorfle faS to do so formation is variable with Solm, 

i\fpk\ and ^olm jwra^ypfti A «ome strains being positive and others negative 
t elatm bquefachon is very uncoiniDon, bnt Salm, obortM-bom and Sain. teiJetss 
horn bquefy it rapidlv and SaJm rfar-es talaam and 5affn. an~ona verv slowlr 
Frea is cot decomposed. 

Antigenic Structure. — ks has alreadr been noted, the cla&aidcotion of the 
^cltnoncilu group u now hrmlr based on the antmemc sjuctuie of the «peciea 
of which It IS composed. The arrangement of the vanous aatinemc components 
m the cells and flagella of the «aliiionelIs‘ has already been described in Chapter 8 
m relation to the general problem of anticeiue struetoie and is Chapter 9 is 
relation to the «tndy of bsctenal vanation Before eonsidetin<» the differes* 
«peaes that have been differentiated br this method of anJvsis, we mav however 
recall the relevant facts and consider «oine of them is greater detail 

In the ^almontlJa group of badlli we are dealinr in the main with fiagellated 
oigamsms. We therefore have to conjder both the H (fia«^ar) and 0 («on33bc) 
antigens Bv appropriate methods we can te«t for the«e component* «eparatelv 
A formolired broth cultnre of a flaneSated «pea« readilv asylntmate* m the 
presence of the homologous H air^lntinm. but responds verv pooilv if at all 
to the hoinolo<n)a3 0 agglutinins. The reason for this behanoar is, perbap- 
thst the formalui fixes the flai^Ua over the bacterial surface m «3ch a wav that 
the somatic antigens are no lonircr exposed to the action of the O agi-lutinji?. 
To te-t for the 0 antigens we eso employ a bacterial "ospennon that has been 
treated with hot alcohol thus removii^ or inactivatin'' the H antigens. 

In respect of their fla'’elJar anfivens manv of the speaes with which we are 
concerned are diphajc that is to say their flagella may assume two alternative 
forms. Onginally the two pba«ea were referred to as speafe and yrmp but 
later when another tvpe of phase variation was di=«OTered the «o-call«l s ^rana 
tion this nomenclature became uo looser gencrallv applicable It is now u ual 
to call the two phases 1 and ^ and to re~tiict the terms •pcfv^c and gmip to 
oigani_ms in which Phase 1 contains a, b c etc. antigens and Phase 1 2 3 etc 
antj'’ens. ''peatm'» generally Phase 1 fends to contain more specific, and Phase 2 
less specific antigens but it wiB be convenient to reserve a full description of 
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the Tanations m the antigenic constitution of the two phases till a little later 
in this chapter (p 716) It is sufficient to remark here that in Pha^e 1 there are 
one or more antigenic components, and m Phase 2 there are two or more 
The somatic antigens are iaonopha«ic, though occasionally a given strain may 
differ fiom the type species m its lack of one of the two, three, or four anti"cnic 
components which most membeta possess 

The identification and labelling of the Salmonella antigens was imtiated by 
White (1926, 1929a, 6), and contmued and ertended by Kauffmann (1929a, b, 
19306, 1931, 1934a) In their earlier studies the two mvestigators nsed a different 
system of labelling, so that descriptions given in the English and German papers 
during the penod can be correlated only by the aid. of an appropriate key giving 
the equivalent numbers and letters in the two systems (see Lovell 1932a) Recently 
however, the tennmology introduced by Eanffmann has been adopted for general 
use by a special sub-committee of the International Society for iGcrobiology 
(Report 1934) , and each member of the Salmonella group is now allotted an 
antigenic formula ba«ed on this ^3tem of notation 

The somatic (0) antigens are accorded Roman nnmerals The fiagellar antigens 
of Phase 1 are accorded small letters , the^e antigens have already illnstrated the 
Lmitations of an alphabetical notation by eiceediag twenty aii la number By 
convention, those discoveced later than the antigen that received the label j have 
been accorded an additional diatmguishuig numeral, z,,Z| and so on Tbed^ellar 
antigens of Phase 2 ate labelled in two different ways At first they were accorded 
arable numerals, but later it was found that the second phase of certain species 
uniformly contained the antigens e and □, often associated with x or with one 
of the z senes of antigens It thns happens that Phase 2 may contain antigenic 
components of the 1, 2, 3 senes or of the e n senes The po«ition 
IS confusing, bocanse both the e and some of the z antigenic components may be 
foond in the fir«t phase More recently, strains have been deaenbed m which 
Phase 2 contains neither the I, 2, 3 nor the e, n senes, but instead 
antigemc components that are characteristic of Phase 1 

A few examples may be given to fllustrate the use of this notation. The fonnala 
for Salm parolypAi A.which u a monopbaaic flogeDated bacIUas existing only in Phase 1 
IS [I] II, '^'tT a— The square brackets indicate that the I somatic antigen may 
E>e missing The three dots after mean that traces of other somafio antigens are 
present, but are excluded from the antigenic formula for the sake of siroplicitv The 
a represents the flagellar antigen, and the dash followup it shows that there u no second 
phase The formula for Safm pamfyjdt B is [I] IV, [V] XIT b * — ^ I 2 

The square brackets show that antigenic components 1 and V may bo missing , b is the 
flagellar antigen of Phase 1, and 1, 2 the flagellar antigens of Phase 2 Again the 
dots following X 1 1 and 2 mdicate an abbrevution of the antigenic formula The double 
tipped arrow shows that the two flageOar phases ate reversible The formula for Sa!m 
amersfoort is \Ti VI| VII d <• > e, n, x It will be seen that there are two 

components to the somatic antigen , and that, as mdicatcd by the presence of the 
e a antigens m Phase 2, the oigamsm shows the s p type of phase vanation (see p 716) 
The formula for Salm melea'pttlu is III X XXVI e, h < — ^ I w Phase 2 contains 
neither the 1, 2, 3 northee n eenesofantigens, but tuo antigemc components 
1 and w, that are normally found m Phase 1 of other organisms Salm giUinanim which 

IS non motile has the simple formula [IJ IX, Xll the two dashes showing 

that there is neither a first nor a second flageOar phase An onanism so far met with 
OTily ifl Phase 2, is Sa/m ahoHus tqut, iriuch has the formula , XII — e, n, x , 
the shows that Phase 1 is absent 



712 


8AL3I0\ELLA 


One of the most interesting features of tie Salmonella group u tic way in 
whici the same antigenic components lecnr m different comimations lins 
different 0 antigens are found in comimation with th** same H antigens. Tie 
same set of Phase 2 antigeiia are lej^ced by diffetent Phase 1 antigens wten 
different diphasic species change from the group to the specific or from the to 
the a phase The same set of antigenic components recurs m diflereot combina 
tions m Pha«e 2 of different speciea and so on The implications of these facts 
m relation to the cvolnbon of the ^Inionena gronp are discussed hr TVhite (19^5) 

The Ranftmanq White CiagDOstlc Sdiems — ^It IS clear that the observed dis 
tiibtttion of these antigenic componenta forms a basu fb* a natural scheme of 
classification and this has been adopted in the Kanffmann TThite scheme proposed 
for international adoption by the Salmonella Subcommittee (Report 1931) It 
seems reasonable to regard the antigenic stroctnre of the bacterial cell as 010*0 
fundamental tbantheant^enicstractnieof theappended flagella Salmonella 
gronp as a whole has therefore been divided into snb-gronps each of which 
shares a common somatic antigen. Where more than one somatic antigen u 
preent one of these antigens is regarded as detenmnmg the snb-gronp to which 
the speaes concerned shall be allocated. Thns, Gronp B consists of those organisms 
that possess the 0 antigen IT or the antigens IT or T Gronp D consists of 
tho«e organisms that possess the 0 antigen IX, and so on. Tb** gronp letter it 
eboold be noted forms no comtitoent part of the same of anv species or of its anb 
genic formula The gronps display the natural relations of the different salmoneBs 

bat the antigeoic components that detennine tho«e relationships ace labelled 
according to the Kanffmann conveotioa. It should perhaps !:« recalled that 
there is a fondamental difference between this *cheiDe of clsanfication and that 
adopted in descnbmg the anb<*enic etmetore of other baetenal groups. A 
Group B haemolybc streptococcus for instance means a haemolytic strepto- 
coccus that possesses the Group B antigen, and that antigen has no other label 

It most be made clear that the Kanffmann White scheme is essentially a 
scheme for the differentiation m pracbee of the vanons species. It is not, nor 
does it pretend to be a record of the complete anhgemc s^rnc tm e of each organism. 
The antigenic constotution of mos* organisms is far more complex than is suggested 
by the foimnls given in th** table Only the major antigens or tho^ antigens 
that are of differential importance are recorded. It follows that owing to the 
posiesaon of minor somatic or flagellar antigens crosS agglutination may occur 
between organisms which, judged by the table po®»e58 no common factor It 
follows too that as farther members of the SalmoneOa group are discovered altera 
tions win hare to be made in some of the present formohe if lie diagno«tic valne 
of the table is to be preserved 

Another warning most be isoued 3Iaoy of the antigemc components identified 
by a single numeral or letter are themselves complex, consistmg of two or more 
tachons. For instance the 3 and VI somatic antigens each comprise two portions 
labelled Ti and Vj and TI| and TI^ The \Jl somat c antigen contains three 
portions, XIIi, Xltj and XU* The d fiageOar antigen contains five partial 
antigens d, di du dj and d. The fact therefore that two species are repre- 
sented m tL» tabl'* as containing Jbr example the d antigen, does not mean that 
their d antigens are necessarily identieaL One of the species may contain one 
pan of the d fractions and the other speoes another pair so that though both 
species will be agglutinated by an anti-d serum prepared against all the factions. 
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KArmuxx White Schemu 


Group A j “f pantyjtJn A 


Group C I 


ni IV [VT. MI 

[I] n \ MI 
fUn [\T.\n 
i\ \ \n 

I\ \ XII 
n t\i.Mi 
1\ (\T MI 
1\ Ml 
r u \ XII 
u \ Ml 
I\ \ MI 
1\ \ XII 
I\ XII 
[1] I\ MI 
1\ MI 

n XII 

1 1 \ \n 

1\ MI 
1\ MI 
1 IV Ml 
IV MI 
l\ MI 

, I' I'J \n 

1\ MI 

'rn i\ X.XMI xii 

I IV VWIl XII 
I IV iwvnj (MI) 
IV WVTI MI 


VI, VI, VII IVi) 
VI, Ml 
VI, VII 


VI, MI 
M, VI, Ml 
VI, M, MI 
VI MI 
M VII 

VI vn 


;i 3 



TABLE 47 {eotthntteifi 


Groop Type 

O-AsUgn 

1 H AsUg«a 

1 rhue 


Gtoup C £ 6o 14 moriijfcaiu 
{contd ) S muencJitn 

S erfgon 

5 mertcana 

S TnanAoIlnn 

S naroiAmo 

S gloflnp 

S ltdfdl 

S dutstddorf 

S bonor «fl«M 

Uonamrd type 

S nrff nia 

5 emherit ana 

Grenp P 5 ti/pht 

S tKl<midi4 

S dublin 

S nelocL 1 

5 moteotc ' 

5 bkgdatn 

S pnMtoli 

S btria 

S toMbourtu { 

S niidai 

S loma 

S onanraan 

S <{ar44-«nt<um 

S 

8 

S paMma 

8 ilal ana 

S ela barnrt 

8 faBtnitrum 

S ^aiiana 

S canadd 

S ouliarum 

1 

V M, VIU 

n mi 
mi 
(mn 

d 

d 

d 

d 

'.K 

e h 
d 

1 (V) 

I s 

1 2 

1 2 3 

1 2 4 

I & 

1 2 , 3 " 

1 2 * 

1 G 

IX MI f\il 
ni.i-\ MI 

I I\,MI 

I l\ MI 

i\ xn 

LX Ml 

MI 

IX XII 
[II.IX xn 
(4 IX MI 

IX MI 

I IX xn 

I IX Ml 

IX MI 

IX \n 

1 1 \ xn 

L\ XJI 

I IX MI 

IX xn 

IX XII 

14 IX XII 

1\ MI 
j IX XU 

d 

g m 
e P 
ff P tJ 

e q 

p m q 

h 

1 w ' 

1 

>'v 

*■ 

t 1 
] $ 

« n X 

1 2 
e n 

eat, 
e n.*,, 

! 5 

1 U 

I S 

1 5 * 

] S 

Group E S tenrfan : 


1 T 

1 6 



1 r 

i 1 " 

£ Uganda 


1 z„ 

1 1 "! 

& OTialum 


e h 

1 1 6 

S mvenster 



1 S 

S nyborg 


e h 

1 1 7 

S %x]U 

' U1 \ \XM • 

e b 

1 3 

S amagtr 



[ 1 " 3 



L 


S thangani 


d 


S tndeagnd i 


e >■ 


S Uzinglon i 




S irdtetreJen 1 



*• 

S neirtngtan 


e h 

1 6 


1 1 

e li 

1 - 

S niw-irunstrict 

1 III M > 

Ivr 


S cambnJge 

1 ( 



S illinots 

) J 


1 S 
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TABLK 47 (con/inverf) 


Croup 

Type 

OAntJseo 

1 Q Ast^xn 

1 IPhase 

1 2 Phnse. 

Group E 
{contd ) 1 

S taXtony 

S stn/tenberg 

S nilow 
, S «ms6«ry 

1 I nr XIX 1 

1 " 

k 

y 

1 >. 

Z( 

1 2 3 

1 ^ 3 

1 5 

Other 1 
Groups 

1 S prtlorut 

1 S abtrdten 
, S niSwAiw 

S soft 

XI 

XI 

\I 

\I 


S gnimptnut 

1 Mil WII 

d 

1 7 


S poonn 1 

■ xni XXII 


I 6 


S borbtel 1 

xni \\ii 

I V 

I IS 


S teorlh ngio 

I xm xxui 

t w 



1 S tc eh la 

1 xm xxni 

d 



1 S hetba n 

1 I xni xxni 

f g 



S m M <» ppi 1 

' I XIII XXIII 

b 

1 5 


S hett 

j (I) M M\ XXI\ 

1 ** 

1 5 



‘ \I Xl\ \XI\ 


1 7 

1 

S nnJeta 

H) M XIV XX\ 

T 

1 7 


S PHiievlepcorl 

(J) \J XI\ \xv 

1 » lb) 

i 0 


S fiondu 

(1) VI XI\ xx\ 

1 d 

1 7 


S tundi vll 

Ul M XIV XX\ 


e D s I,, 


1 S hof'fham 

(1)\I Xlt XXV 

IrT 



1 5 hiillins/M 

XM 

b 

e n t 


I S gem aan 

X\1 

d 

1 7 

1 

^ S rtnles 

MJ 

k 

1 1 2 3 


S tirlte 

, XMI i 

h 

1 *> 


S etrro 

xvm 1 

<< >ii >11 



S le/ilueiy 

1 <vitr) XX 1 




S m nneiola I 

XXI XXM 

b 

e □ V 


S (el-atir j 

xxviii 

y 

e □ s 1 


S pomona j 

XXVIU 

y 



8 MUrup 1 

XXIX [Vil 


1 1 


S htfrmeeehet 

XXIIfttJ 




S t rbana 

\\x 

b 



S anzona 

XXXIII 




S adela de 

xxx^ 

% 



S iniemM* 

\xx\ni j 

k 



Baet roll 1 

\\M Oil 



j 

Bad Col 

X\\U j 


1 s 


1 Baet Coll 3 

\ \n 

>IB 



' Baet colt 4 

It fxxvni XII I 

>11 



: Baet Colt 5 

1 

II) VI XIV xxv 




^uiaerous oth?r roliform and paracolon baciO roatain ng O or II snt g^as found in tbo 
SalntoneSa group have been dcscnbed Si^ttumtOa O ant gena have bhen-ise been met with 
in members of the FJexner dysentery and the PutttmWt groups 
[ ] These ant gens maj he mia.ing 
( ) — Only a part of the ant gen 13 present 
= \ ery much abbtemted formula. 

= hot fullj {ares^gnted 
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absorption of sucb a serum with one apectea inU not remove the agglutmms for 
the other species The g and t antigeoa are Ukewue complex (Edwards, Bruner, 
and Hinsbaw 1940) In the descriptions of the mdividual species we have recorded 
many of the minor and the partial antigens that do not appear m the Kaafimann- 
White scheme 

This IS not the place to descnhe the practical identification of Salmonella species. 
For information on this Bnhject readers ate referred to pubhcations by Ka uffm ann 
(19396, 1941) and Edwards and Bmner (1942c) 

Antigemc Vanafaon. 

The vanationa that occur within this group have been studied by many 
ob-ervers, and these atndies have been particnlarly frmtful in adding to our 
knowledge of the mechanisms of bacterial vanation as a general phenomenon 
For this reason they have been discussed in some detail m Chapters 8 and 9 There 
IS no need to repeat that discussion here, bat for the sake of clanty and complete* 
ness, it will be well to give a bnef resumi of the antigenic variations that may 
be met with in the Salmonella gronp 

Phase ntlatJon afleellog the H asDsens — ^In epecific-gwup phase ranaiion, which 
was desenbed by Andrewes (1922, 1925), thedageUa may assume two alternative antigenic 
fonns The antigenic components of the specuSo phase arc either pecnliar to the particnlar 
species concerned or are shared by only a few other species On the other hand, the 
group phase eoutaioa antigenic components that are shared by many other species Any 
given culture of a particolir diphaue strain mar consirt entirely of bacilli in the fpeciSe 
phase or eotirely of bacilli la the group phase, or may contain repreoentatim of both 
phases A baciUus m one phase, though always cai«ble cf giving rue to dtsceodanta 
in the altenabre phase, usually maintains a constant phase over a atunber of genera boos 
If therefore, we prepare plate cultures of a diphasic organism and make aumetnus sab 
enltcres, each from a single colony, we should as a rule obtain some snspecsons m the 
specific, others in the group phase If these are lalkd by the addition of formalia alter 
18-24 hours* growth, there will usually not have been tune for any change m phase to 
occur 

Thee* PphoH wnalion, which was deecnbed by Kaugmann andhfitsni (1930), consists 
m a vanabon that does not differ in principle from epodfio-group variabon Instead, 
however, of Phase 2 contatoing the antigenic oomponents 1, 2. 3, etc , it contaim the 
anbgemc components e, n, etc It wiB be noted that the antigens in Phase 1 are eimilar 
in both types of variation, beu^ of the a, b c type, but that in Phaso 2 they differ 

A special type of a phase variabon has been described by Edwards and Bniner 
(I93S), which may perbape be regarded as a third Qpe It was found that, in Salm 
tcorOtingion, Phase 2, instead of containijig the 1, 2, 3 or the e, n . . . type of 
anh^ns, contained an anbgemc oomponcnl of the a, b, c senes, which had prevwualy 

been met vnth only in Phase I la other wiwds, orgsmistna of ibw ^pe have -what, for 
practical purposes may be regarded as two aliernabre first phares. 

It must be realized that, m organisms showing diphasic vanation, strains may occur 
which remam persistently in one phase — usuaOv Phase 2 — and in which the altemahvu 
phase can be demonstrated onlv by growth m the presence of immaoe sertun containing 
agglulinms to the Phase 2 antigens S(dm thompam, far example, is almost invariably 
m the non specific phase on fird isolation and the k antigen of Phase 1 may not bo 
demonstrable till after two or three subcultures in the presence of an anb group serum 

Artifeial phase rarwtum is a phenomenon that appears at present to be more of academic 
than of practical importance though its eignificuice must letnain doubtful till furtbet 
work has been earned out It was obeeired by Kaoffmann (193(>c) that, if ascertain 
strain of Salm lypht was cultured m hrotli con t a in i ng a-gglatmating seimm to the normal 
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antifrcn tliw antipn hm 1ml »nl ivpUcnl bj a new antigrn J winch had never been 
met with m 1)711101(1 liacilU under natural conlitiona Smnhrl), the b, t,, antigona of 
Mm »cAIe»MAf>m mav be rcfiLawl bj a ww antigen *, In both thc«J orgamams 
which are monophawc the antigen apiiranng in the induced jhnso belongs to tlio senes, 
a, I , c commonl) found In Phase 1 Drumr and Wwnrds (lOllo) however, were 
able to Induce in the mono| hasio Stlm foru/ypAi A a iioeoud j liaso containing the 1, 6 . 
antigins whieli are cliaractenstn. of tho group aenea of antigens of Phase 2 An even 
more n'lnarkable aenea of inlucrtl vanatums was n^ordid ly Wwards and Bruner flOSD) 
in ‘valm at^rfar-o^m Tins organism exists normally oid) In Phase 2 in which it possesses 
thcantigms e, n,x B) gruwthin a|]>ro]<natosrraa Plivsol, containing theantigcn a, 
w u indiictd and a Phase 3, rantainuig the antigen ** All three phases were rcvetsiblo 
It li ly no means alwavs east to dm le wliellief a new j liaso lliat s] pears os the result 
of growth in immune M-rui» u to be rrganled as an arlilicul phase or as tiie aitemsUro 
phase of an organism tliat Is gmeralU, t1 ough not invanal 1\ mono} hasio Lcgitimato 
difTrfrnce of opinion mat exist on this point Joeexaniple Snlm efiplern-tvtsrat kvrctn 
dor/ was for many j-ean rrgnrdcd as a will-eetalKslied monophasic ttyie occurring in the 
group I litae MTim It was found, bowevor. bt Bruner an 1 1-xlwards (1030) that a spi’cifie 
phase could lie {iidiin-d ccinUining (lie same antigen c as Cn/n c^olfTxt $vis itwns decided 
to orail the lun'enlarj l)po from tbo KaufTmsnn White acheme on the ground tliat it 
was merely a group phase rarunt of the parent strain 

V&rlitleo in th« VI aatlgro — There U a type of vanalicn that concerns the tj antigen 
(seep )S2S) Tlie K an I 0 antigens remain unaffectrsi Kauffmann (IDSm) found that 
typlioll btdlll might exist in tlirTe f irms (|)tlie\ form which rontoins the full quota 
of \T antigen an I is inaggluiinsll btOsiwm. (2) the t'lt fonn which contains some 
M antigen I ut not enough to Inbit it O agglutioal ihty an J (3) tl e U form wliieii eon 
tains no \i antigen and U fulK agilutinabbs It 0 N-nim A similar vanation in the 
M antigen may be obserrcsl in Mm /urufypAi C and S>ln Ityllnv;^ Tlie V -e U 
TartaUon appears to be irrcvmdle (Oaiga ant Bran Ion ID3rA) 

Varlstleu la tbs 0 aallitnt ~-ln some strains containing two or more 0 romiKncnts 
fotne eolonkw ms) l>e found in wheb one of ll>e enmpmenU is missing or dc\eIoi»d to 
onlv a sbght extent The two sntigsnic eon»|snm!s moot likclv to bo alTectod are I 
and \ir U iti in the wme strain (Iktw are 1+4 I + ami li colonics the tendency 
being for the ] -f + to j»uw otcr to tlie I i tt|>r Tlie XII antigen is complex con 
taming XII, XII| and Xil, fmetinns Am>nling to KauiTmann (iOli) it is the X1I| 
fmetjon that is m wl likrlj to is? lost or weakened A rati er diiTirrnt tvi»- * f variation 
Is notind in organisms liki j«io>fy/iAi /I an 1 Sufm ty/Ai mwriMiB contAinmg tbo 

1\ \ antigi nie mmisinents In « me attains tl>e \ antigin is missing not mrrrl> from 
Certain rolonir* but from tlie whole strain Strains of Aiim j»iruty7>A» I! showing Uiis 
ao called Ions variation teem to lie commoner In camera than m acute caaes and strains 
of £>11111 tvyAi munam alicnring lie name Ims vanxtion arc aecorUmg to Edwards and 
Bruner (ItHOu) usually denvnl— at least in tlie United Slatcw — from pigeons 

The OH-eO varlatloa — Flagellated airtins may occasionally giie rise to variants 
that contain only the 0 antigen As a rule, this typo of sanation Is irrucmblc Some 
strains like &ilin gtii/inneum and Snim j>»HoniM are iiermanently non flogcUnted Tlie 
OH -► O vanation cannot readily U Indowsl in the lalmratory Tlie producti n of 
0 forms by growth on pijcnobnd agar » nut a true imprtw«od sanation since there w 
a rapid reversion to the normal flagellated f rm when the organUms arc inoculated on to 
ordinary media 

The fmooth-> roogh varlatloa — Tbm typo of vanation has already been described 
at sufllcient length In Chapter tl So far a# the £<ifinoncilo group is concerned, it consists 
efwentuvih in a ions of the normal smootb somatic antigen with Urn appearance of a new, 
rough antigen having far 1«« speciCc properUea Uian the smooth antigen and eonfemng 
on the bacilh a sensitivity to aolt aolutiMi which renders them unstable in suspension 
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The flagellar antigens are unaffected This of vanation seems to occur rather more 
frequently m nature, is common m atmns maintained through man^ generations on 
ordmaiy Liboratoiy media, and can readOr be induced by several different procedures — 
the prolonged incubation of a broth culture, groirth in the presence of antibodies acting 
on the smooth eomaUc antigens, subjection to the action of an anti-smooth phage, and 
80 on. To prevent its occurrence strama should be dried from the frozen state in meuo, 
or, if this IS not practicable, kept tm a dry Dorset egg medium in the lee-chest and suh 
cultured as infrequently as possible dlmst solid media and sugar-containing media 
should be avoided 

It IS of interest to note that the raugh potysacchande antigen appears to be limited 
to members of the SalmantHa group It is possessed by all those strains that hare been 
esamined but not by other species of bactens, such as colifonn or dysentery bacflli 
(IVhite 1929a) 

llany of the observations recorded by workers in this field indicate quite clearly that 
the S R vamtion is not an “ aH-or none * process so far as the culture as a whole is 
concerned. It is gradual or step-hke A smooth strain may lose ome of its normal 
somatic antigen and uncover some of its rough anbgeo, or develop it to replace the smooth 
so that It mU respond to both an anti «mooth and an anti rough senun. As has already 
been noted (see Chapters 8 and 9), variation by Io» tnav proceed further than the R form, 
giving nse to the p forms of White (1932), in which the P. polysacchsnde u lost 

VanatlOD of the mncold or H antigen. — Meotioo has already been made (p 705) of 
the formation by some membm of the Salmotulla group, notably folm parati/ptu B, 
of mucoid colonies contaimng a nitrogen free polpacchande (Birch Hirachfcld 1935) 
Thu Eo-caUed mucoid or 31 antigen (Kauffmann 1935a, ]93(xi) is formed best at room 
temperature, is resistant to heating at fiO” C for I hour and to fonnahm hut u destroyed 
partly or completely bv heating at 100*C for 2 boon, and by treatment with 90 per cent 
alcohol or normal HG at 3** C for 20 hours The presence of the antigen is best demon 
etrated by the use of Lmg suspensions and an anb 31 genuu The mixtures should be 
incubated for 2 hours at 37* C and overnight at room teoperetoro. Sera usually have 
a low title seldom exceedmg 1/160 Only one 3t antigen has yet been met with. 

Variation of the X andgeo —The S antigen was first observed by Topley and Avrton 
(1924) m suspen-iMis of Saim typhi-munam, Salm titvjiorl, aud Saint which 

had been grown m broth for some dare at 37*C, but has since been found to develop 
in almost all the salmonella studied Lik e the Af antigen it u non-specific. It is 
tlKrmogtabW resisting beat at lOQ* C Cor SO muiutes, and is unaffected by 0-25 per cent 
fonnalm It occurs m both rough and smooth straim Its appearance is most common 
in old broth cultures though it may be present in broth cultures growu fcff the norma 
length of tune or even in suspensions from agar, especially if the surface is moist Agglu 
tinstion resembles the granular somatic type, but the flakes are as a role slightlv coaraer 
and tend to he along the sides of the agglobnstion tube They become apparent in 
2 to 4 hours, but continue to mcrease for some time. High titre serum is easy to prepare 
by the inoculatioii of rabbits with a coltuie neb in X agglutinogen. The importance 
of the X antigen hes la the eozdnsion it may cause m routine rernm sgglatinstiiia tests 
should any of the suspensions contaio this antigen or anv of the sera contain anti X 
agglutinins. In practice, few workers seem {o have met with the X antigen, but in one 
or two laboratones its presence has caused coosiderabk trouble It is always wise to 
make certain standard agglutinable suspcnBions ate free from it (see C^c&shank 
1939) 

Fennentative Varieties of Antigenic Straus, — ^Another point that perhaps needs 
some comment la the recognition of fennentative \anetie3 that ate antigemcaUy 
identical As a systematic procedure this is a reier«al of the common findmg, in 
which different antigenic types can be recognixed m a species that is homogeneous 
as regards its enzymic actmties Many of the fermentative differences that have 
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been accepted as defining separable Tanebea ate very sbght Sometimes they 
are ie% ealed only by the use of a special medium or a special reaction The 
defimtion and labelling of these fennentative types has been earned out by a 
feir observers, particularly by Kaaffmann who wonld extend the process even 
further than many other workers would be prepared to do (see Kauffmann and 
BuionlSSo) The significance of these types mmt we think remain very doubtful 
until we have far 'more extensive data than ate at present available At the 
same time the existence of the differences m enzymic activity can clearly not be 
Ignored, if only because the evidence that exists to-day scanty as it is suggests 
that they are correlated with natural habitat and natural pathogenicity 

To take as an example the fenaentative varieties of Saint enUnlidtg Kauffmann 
(1933&) records the origin of small samples of these strains Of 8 strains of falm enUntidts 
examined by him 7 were isolated from man one from a guinea pig Of 2“’ strains of 
Salm enlenlidu vrt danyi~ 13 strains came from humaa infections 0 from rats or from 
the Ratal vinm used for the extermination of these vermin The 8 strains of ent«n 
fidis var ehaeo all came from infected eotdiem in the Chaco war Of 7 strains of Salm 
en/eritiif>s var usen some came from human infections some from infections m ducks 
Agam strains of Salm paratyphi it that ferment d tartrate vere found by Knstensen 
and Kauffmann (1937) m patients soffenng from entenlis strains causmg typical para 
t}-phoid fever do not usually ferment d tartrate Strains of Salm typhi mvnum that 
infect European ducks and chickens do not as a rule ferment rhamnose m opposition to 
those found m the United States which are rhamnose positive (Edwards and Bruner 1910a} 
If the fermentative abilities described are found to be constant for any particular 
atrain and if the vaneties differentiated by them are found to show significant differences 
in thev natural distribution there will clearly be a good ease for prondmg them with 
separate labels At the moment it is wisest to regard these labels as provisional 
The Bacteriophage Method o! typing Salmonella Strains —Of far greater value 
though of mote restricted appbcation is the method of subdividing antigenic 
types into sub types by means of the bacteriophage method of typing introduced 
by Craigie and Brandon (1936a 6) and Craigie and leu (1938) It was known 
that salmonells were susceptible to the action of bacteriophages and that these 
were closely related to the type of 0 antigen present but owing to the wide 
communal sharing of the same 0 antigen bacteriophages of thi^ sort were useless 
for the differentiation of sub types Soon after the discovery by Felix and Pitt 
(I$S-la df of the Vi antigen of tie typioid haciUu? suveral workers estahJisiied 
the existence of bactenophages acting specifically on the V form of the bacillus 
The special contribution of Craigie and his co-workers was their observation of 
a peculiar adaptability possessed by one particular anti ^ i phage When this 
phage was grown on typhoid strains of different origin races of bacteriophage 
were, obtained fiat wnre foiiiid to iave developed a high degree of specificity 
for the particular stram on which they had been propagated Bj means of a 
series of bactenophages prepared in this way, Craigie and T en were able to cla'>sify 
nearly all of 592 strains of typhoid baciUi into six bacteriophage types The 
evidence ohtamed from a study of the ongin of the strains revealed a high 
degree of correlation between the bacteni^hage type and the epidemic source 
These observations have since been abundantly confirmed so that the bacteno 
phage method of typing is rapidly becoming a routine procedure m the investiga 
tion of outbreaks of typhoid fever The degree of specificity seems to be almost 
complete and the results are more constant and reliable than those of typing 
by the fermentative method- 
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\s alitadv mentioned, to^ever tl« in*tliod is satject to limititioas. In 
the fir«t place not all strains of trp&oid bacilli possess a Ti antjjen or possess 
It m euffiaent qnantitv to enable the bactenopha^ to act satL&ctorilj' Fo* 
example m Ciaisie and Yen a sen** of 70> ^trains, 42 Wonged to the W fom 
and 72 to the VW fonm The remaining 5®2 «tiaia5 belonged to the V fomi, 
posjOsSing a fuUr developed Ti antigen of tic* 9"*^ per cent- were «nceeacfBllr 
tvped- The propo’tion of YT and VW forms was higher in this 'encs, which 
contained many «ftraiii3 that had been isola ed months or year* previonslr, than 
is commonly found in rontine laboratone* handling freshlr isolated «trains, of 
wbicb nsnallv only abont 5 per cent are found to be tafVmg jn Yi anti^’en 
and Brandon l‘>354 Bai^ 193**&) Another Imutatioa u that only «pecies of 
SalmoMHa containing the 1 1 antigen can b» tvped- This u a verv senoua lunita 
tion once areording to oar present knowledge the distribaboa of this antigen 
is restricted to SflJm iyphx Safm parafj/phiC.Safni. fcCmip andSalm fom<rc?et 

More recent observations, however suggest that some other “peeies possess 
either a Vi antigen or another type of antigen which is snsceptible to difie"ential 
attach by the bactenophafe Fein and CaBow (194S) for exaap'e have been 
able to develop a senes of bactenophages acting on Salm. psniifphi S and have 
bv this means eneceeded m dividing «tTains of this organism into foor bactenophage 
tvpes, which coTespond clceelr with the epid^ojolo^cal types. 

The technical methods nsed in th* bact<nopha'’e typing of typho d and para 
tvphoid bacilli cannot be described be*T Table A*- however, niastrsfes the 
eosceptibility of typhoid bacilli to the diCereat types of bactenophage. 

It will be noticM that Tvpe A stiaios ate «eQ5ittve to all bactenophage tvpe 
•trams, bat that the remaining tvpes possess a fairiv high degree of speaficitv 
Further types and «ub*tTpes are constantlv bemg described. Tvpes L and M 
and sub-tvpes Bj B| D, and F, have ance been added and Felix (1943) 
in this coantry has reported three new <ub-tTpes P, P, and Lp and a new tvpe 
labelled pronnonally ho 91 is more «traiii3 of tvphoid bacilli are «+udied 
from different environmental conditiona, it is probable that even fortt-et bacteno- 
phag** tvpes will be discovered. SnScient, however are already tnown to reader 
this method of «tndv profoundlv valoable in the field of ep’deEUolDgjcal inquiry 
More recently Ctaigve (I*'!*’) has modified bis onsmal «chtme bnV the pnsnples 
of his method remain unaltered. 

Chemical Stractore of the Sahnondia antigeiis. — ITe mar add a bnef no*e on 
oar knowledge such as it is, of the chemical constitution of the antigens on which 
the present clasnfication of the SalmontUa group x. based. Of the nature of the 
flagellar antigens we as yet know nothing beyond the hint* conveyed br heat 
lability and «en5itiTene»» to ertrartiao with alrohoh 

Of the *omatic antigens we know rather more Forth and I^niLteiner (1925 
19'’9) Isolated ««reral different chemical components from baciDi of the Sclmon^ 
group Some of these were po1vs3cdiande& The studies of TVhite (l*i29ci b 
1931) make it cleat that the somatic antigens — those labelled I H III and «o 
on m our antigenic foTnuls — are polysaccharides, or have a polvsaccbande com 
ponent and further evidence on sunilar lines has been recorded bv subsequent 
observers (Carper 19’’’^‘*9 ComLiesco <t «7 1950 BarilewJky and Pemg2d 19So) 
More recent studies by Freeman GtaHmor and IVEson (1*140) and llorgaa and 
Partndge (194*^) on SaJm typht ^ng ge g t that the 0 antigen of this organism is a 
polymolecular complex formed of a ^ecific polysaccharide a protein, and » 
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pliosplioljpm The protein component appears to be cbemically and immuno- 
logically very similar to the conjugated protein prepared by Morgan and Partndge 
(1910) from the specific somatic antigen of Sh thga According to Freeman 
(1943) the somatic antigen of Salm typht murium chemically resembles that of 
Sa}m typ} i 

TABLE 4S 
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CL» CooQufnt Lysis +++ == Kanerous discrete plaques of subnormal size 
7 =: lew plaques subnormd in size except in Type C stra ns 


Pathogenicity and Toxin PiodncUon — As has already been pointed out (p 703) 
members of the Salmonella gronp arc widely distributed m the ammal kingdom- 
Broadly speaking the type of disease with which these organisms are associated 
IS either an enteritis or a septiwemia In man a few species like Salm tjpht 
and Salm paralypht B give rise to a disease characterized by a fairly long incuba 
tion period and the ptedormnance of 8eptic®nirc oier intestinal ajmptonu The 
great majority however of the Safmonrffa epecies proiluce acute gastro enteritis 
of the food poisoning type in children and adults or acute enteritis in infants 
characterized by a abort incubation period and the predominance of intcstinai 
over septiciemic symptoms Neiertheless a disease apparently starting as an 
enteritis maybecomeasepticffmia whichninsa typhoid like course or is associated 
with localized mamfestations of disease in the meninges bones joints or other 
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stuation. As in animals and birds a jttopaition of persons wbo berome infected 
may haiboui tbe organism for a Taiyms lesgtli of time ■without sliQ'wiEg any Esims 
of disease Though certain type® of SdlmoneUa are far c-ommouer in man than 
other® It is now clear that pracbcafly eroy fpeciea so far de^cribed as capable 
of infecting human beings Ethi 5fl7m. -which has been regarded as 

restricted to fowls has been isolated fit>m a Ti nma n case of disease. It is impossible 
here to describe in detail the natural patht^enicitr of members of tie Sa^mCTi^Ua 
group for man and animala but some mfonnation in this respect wiU be found 
in the de^cnptiona of the individual gieaes on pp 72d— 14 

Experimental observations on the patht^enicifv of SalrriofieJIa fox labo’wlory 
animals have been confined to a relatively few <peaes, such as Salm. typ7i Solm. 
typ)t-tntinum and Salm fnifrUtdtt It wiU be snffiaent m this chapter to give 
a brief description of the effects produced in experimental animals by some of the 
better known speaes, and a short discosnon of the nature of the toxic Euh®tsnc«« 
that these organisms produce 

Slim. tTpliL 

If maasive doses oflmng typhoid bacHb am administered by the month to chimpantees, 
It IB posable to produce a disease that M very Bimihi to typhcsd fever m man {iirtciiiijkcdf 
and B^redka 1911) 

Adminirtation of typhoid badUi ly the mootb to ordmaiy Ubmatory amgials (rabbit, 
guinea |»g rat or mouse) does not give nse to an mfectico tf this type, or usubIIt to any 
harmful remit at all 

The intrapentoaeal or utrareaoos injectian of Lnng typhoid barilL si adequate doaea 
induces a &tal lafectiou and the baedh can be rccovtae d from the blood and tasasea poet 
mortem. The effect ofauch injections would seem to be m pari toxB&us. is part dspaide&t 
on the multiplicabos of the hactens m the bodv ITIth some elni&s of tvphoid tatwTTi 
It inav be neceesaiy to inject 1 COO miBioa Hvnig bacQli cr more into the pentcneum of a 
mouse to produce a fata] result A low multiple of this dose (5 OCXk-lO 000 miHion liacilh) 
wiH nsoally cause a purely toxsnuc death when the badfii hare been killed by heat before 
mocolatum. A b^hly nmlmt struoi -will loduoe a fatal mfectian foQowmg the mtra. 
pentoneal mjecbon of 50 nuUioo badDu or even a Ltlle less. But there u no endeoce 
that the typho d bacillas possesses an ability to mclti^y iieelv is the blood or Issues of 
emaQ laboratory rodenta when injected m small doses, such as arould osrtamlv prove fatal 
m the esse of a frankly invaave organism 

There is nothing characteristic m the findings at necropey la a mouse or gumea-pii 
that has died as the result of as istrapentoneal iniectioa. of hnagtvpboid badlh. There 
IS of course, the usual luSammatoiy reaetJOD in the peaitcoeom. nmetimes associated 
with suhserous hxmotrhages and the arganiBm which has become genemhsed ihrou^oot 
the body may be recovered from the Mood or from any of the ti^es. FtJkrwiog the 
Ultra venous rojection into the rablnt of doses of hvms trpbaid bacIQi too Bma.TT to jKodaee 
a rapidly fatal infection, the bamlli tend to localize themsdresia certain atoabonSipartaca- 
larly in the gall bladder But expenments of this type wiD be more ooDvemenllr cemadered 
in Chapter C9 id relation to the pathogenesis of entenc infectaaas in Tnfl?i. 

Salm. typhi mnriuin 

The effects produced by the sdmmastratwn of Imng cnltuies of this organism to ti>“ 
wTiall rodenta of the laboratory are entneJy diffsent from those prodoced ly the tvphoid 
baeillas. We are dealing with a natural pathc^en of these whi Ji gives nse in 

them to a characterisU': diseasp-, 'Usually known, as mouse tvpbmd. This disease is jno- 
dneed when living cnltiires otSalm fypAi are grvea by the mouth as well as whM 

they are adsuiusteied by subcutaneous or mtrapeatoneal mjeebos, though the tune to 
death is longer m the former caas than nt tbs Tatter. The cogtsism baa a ■very defimte 
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mrasive power for the tissues of mice and of other laboratoiy rodents A virulent strain 
Will lull 60 per cent or more of mice injected Intrapentoneally with a dose of 100 baeilh, 
as comp.ired with the 50-100 milhoa that are required in the case of a nndent typhoid 
bacillus Mice dying within 2 to 3 days after the injection of a moderate dose of a virulent 
strain will be found to have succumb^ to an aciite acptiwemia with few obvious lesions , 
but mice dying after the more usual period of 6 to 10 days often show characteristic Jesuons, 
including a vatymg degree of splemc enlargement often associated with the presence of 
stnsll necrotic foci, laigerand veiy charaeteratic necrotic lesions m the hver, and sometunes 
scattered pneumonic patches in the lungs associated with a scanty pleural exudate These 
lesions have been described in some detail by many observers (see, for instance, Seiffert 
Jahncke and Arnold 1928) The spread of ml^tioa from the intestine, and the subsequent 
involvement of the various tissues, have been studied and described by Muller (1912) and 
by Ofskov and his colleagues (Orsfcov, Jenseo and Ivobayaahi 1928, OnkoT and Jfoltko 
1928, Orskov and Lassen 1930) These expcnmenta will be considered in some detail in 
Chapter 47 

One other pomt should be emphasized The disease produced in the mouse by Salm 
lyph\ shows no tendency to spread by contact from mouse to mouse The disease 
produced by Salm typAt murti/m la highly contagioiis,and there are few laboratories that 
have not experienced serious epidemics of this infection among their normal stock of mice 
or guinea pigs 
Ssim tttUrltWs 

It need only bo said that this species particularly the daayst variety, behaves m much 
tbesameway as £^(ilm lyphtmunum IMiether all varieties of entmtidis are equally 
pathc^nio for small rodents, as judged by expenmentsl infection in the laboratory we 
do not know 
Salm paratyphi B 

The main interest of this species, trom our present pomt of new is tliat it occupes a 
position in some ways uitennediate between that of Salm typh and iSaltn typhi murium 
It u a natural pathogen of man hut not of rodents but antigemcally it is very closely related 
to the mouse typhoid bacillus \?bea mjeeted into mice it kills them in far smaller doses 
than does <9alm li/pJa though it is less virulent than Salm tjpht murium When oduun 
jstered by the mouth, as Orekor and Ins colleagues have sbouTi it has a limited ability to 
invade the tissues and multiply in them , but it rarely gives rise to fatal infections 

It IS probable that many oIIim species of SalnumtUa mil be found to possess high or 
moderate virulence for laborstoiy animals and to some instances we already know this 
to be the case Salm cAo^cc suis, for instuncc is highly Virulent for the rabbit But the 
mapping out of the relative virulence, or pathogenicity of all the ISO or more species 
or varieties of SalmanelUt that have so far been desenbed and of the new arrivals that 
may well bo imminent, will clearly be a laborious undertaking and one that is perhaps 
not very likely to be embarked on in the near future 

The Terms cl the Sslmcaelle Qtoap — As wehai’e ahs>v8, the jn^cction 
of killed typhoid bacilb, in adequate dosage, will produce toxoemic death in the 
usual laboratory animals , and the “ toxins '* of the typhoid bacillus were 
studied by several of the earber bactenologica! workers (Pfeiffer 1894, Sanarelli 
1894, Chautemesse 1897, Bncger 1902) 

Macfadyen and Rowland (1901, 1903). Iqr gnndmg typhoid baeilh in the frozen sUte 
and subsequently extracting them with 0 1 per cent KOH prepared a solution which 
was highly toxic for rabbits but only slightly toxic for guinea pigs Meyer and Bcrgell 
(1907) obtamed an extract of typhmd bamfli that was toxic for rabbits by suspending 
the baeilh from agar cultuiea in shghUy alkaline distilled water, and filteruig the extracts 
through Chambetland candles after they had stood for 48 hours at room temperature 
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Conndi(l'*OC) found that a filtrate from an autolvsed saline m^'cnsion /ypA> 

after CTaporalion at J5’ C. to one-ttalh of rta onginal volume ^ras toxic for guinea pigs 
in a dose ofO 2 ml \amanouchi (1*®!)} teporled that filtrates of cultures of ^Sa/w isrjAi 
in 5 I'vt cent peptone water were toxie for labtuta in a dose of 0 5-1 ml per kilo bodj 
weight. Annia (1912) grew Salm lyjAt on weaUr alkaline agar, suspended the growth 
in saline and lata separated the hacdlaiy hodies hv tentnfuratioii. The EupernaUiit 
fimd was pipetted off and exanuned sepanteir The bacillary bodies ware washed three 
times ground up, and extracted with saline Both woluticns were toxic for Tahbita,lesa 
so for guinea pigs and nuoe Douglas (1921) showed that tiyptio digests of acetone- 
extracted typhoid hacilh were highly time. The statements with irgMd to the thermo- 
stability of tbc«o toxic extracts or Pirates are somevhst conflicting But looet wtokers 
report them as heat resistant Taken as a whole these obeervationa indicato that typhoid 
bacilli elaborate toxic snbstances which are, m the miiTO retained within the bacterial cell 
though they are Lbeialed into the sunoondu^ rntdium when autolTSs occuia. There 
IS, at the moment, no endence that the typhoid bscilliis produces an exotoxin in the 
ordinary sense of that term 

Most other salmonella that hseo been examined behsm, m this reepect. m the same 
way as Sulm typhi though the toxKity of kiQed cultuit* or extracts of the different 
specica may show signifieast differences m tonaty for Uboratoty animalii. particoUrlT 
the rahhil (tifhite mift, I92^b) 

The two natural pathogens of rodents. Sain ty^t-ntn»n uid Sain catmtufir, may 
be considered in raiher more detail from thia point of view, since it happens that w« have 
recently obtained some knowlcdce of the coiutitation of one. at least, of tb«r toxiopaudacls. 

Ge^i Ecket and Bichardwm (1^25) Branham (1925) Eekec and Bimington 
(192a) and ^^entenand Ring (1930) noted the toxicity ftw rabbits or sure of broth filtrates 
of Sain. (vpAt marivm of certain other aalnoaeUe, and Caepor 
prepared a toxic extract of the bacterial bodies bv extraction with antifonmn. Ecker 
aiulBuatugtotid^^a) kteateaa&dEing(t930)andGa8per(l*^5 20 ) were able, by various 
methods of adsorption or precipitstioa. to obtain a partially punfied tone Action from 
these credo filtratee or extracts. The firactiona k> obtained were thermostable The 
punflcation was Terr incomplete, and thoueb quahtstire tests indicated the presence 
of polymcelisnde conatitueats, no eenoos ettempl was msds to detenaine the ^esncal 
eonstitntioB of the toxic components. Martin (1931) showed that the greater pwrt of the 
toxic matenal present in a broth culture of Sain tyjAi nimam was contained m the 
bactensl cells . and that these coastitnted the most farourablo starting matenal for 
obtaining a purified t/mn. His method of punficabon u crmsideitd below 

Independent stndiee on the immunological puopertiea of chemical fnctions isolated 
from S<ilrn tyjAi nunum and Sain rntmtviu bvBoinn and his coUeagnes( 1933.1934 
1935) and by Baistnck and Topley (1934). Delafield (1934) and Martin (1934) bare thrown 
further light on this problem Tbeeestndics were undertaken, m the mam, with the object 
of obtaining a chemically pure immuninng substanco from these orcanisina. The pcest 
that concerns ns here is that fractions obtained by both g’onpa of wn^rs were found 
to be highly toxic. 

Boirin and his colleagues obtained their fracbons bv e^ractios with tnchlorecetic 
acid, fcBowed bv alcohol pevapitation. Raistnck and Topley extracted the baalh with 
acetone, digested them with trrpisin and submitted the trvptio digest to fractional pre- 
ciptation with alcoboL 

The final product obtained by both groups of wnrkm was free from protein, as judeed 
by the ordinary chemical tests, but ccmtamed a polrsacchsride component that gave 
nse to reducing sugars on hcdrolyais. Nitrogen and phosphorus were aho present, and 
the results of nucro-oomhustton analvsis, taken with varms quahtatire te»ts, sagjested 
that the active fraction const^ed of a complex ptolvsacchande combined with a pvhospha 
tide The polreacidisnde can be separated from the phosidiatidd reaidne br heating with 
weak acetic aad. ^Vhen ths is done the pdrsacebande is mitirely, and the phosphabde 
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almost non tone The unhydrolysod lone material as prepared and tested by Martm 
(1934), had an average lethal dose for the monso of 06 mgm The substanco obtamed by 
Boivin and his colleagues is reported as being a! gbtly more toxic 

A point of oonsiderablo interest ra Kffud to these findings is that there seems little 
doubt that tho toxic substanco is itself the eomatic antigen of the bacterial cell Rabbits 
immunized with the purified fractions produce charaeteristio aomatjo agglutinins. The 
polysacehandea isolated from ealmonella organisms by previous workers and identified 
with tho eomatic antigens or with tbcir hapten constituents were in most cases found 
to bo non toxic But thu was probably because the method of preparation had resulted 
in the apbtling of tho polraaccbande from tho phosphatide component 

Tho same senes of cxpcnmenls have given an indication of one of tho ways m which 
Ihcso toxic substances produce tbcir cflccts. It Lad already been shown by several 
workers (see Chapter 44) that natural infections in man and erpcnmental infections in 
ammal) might bo associated with an increase in the concentration of sugar in the blood 
and hicnten and King (1930) had fonnd that rabbits injected mtb the fraction isolated by 
them from Salm li/pAi-tnurtum developed hypcrglyctcmia 

Dclaficld (1934) who had already made a careful study of tho chemical changes 
occumng m tho blood of tbo rabbit following the injection of killed suspensions of vanous 
bacteria (sco Chapter 44) was able to show that the purified fractions prepared by 
Raistnck and Topley induced a marked hypcrgtycremia followed m many cases by a fall 
In blood sugar far below tho normal level Tbc« findings were confirmed by Boivm and 
3feerobeAnu (19911'} 

These observations suggest that the toxic substances isolated from Salm tjpl i munum 
and Solm enterih /is are representatives of a group of antigeme components posscssmg 
very similar toxic properties but difTenng widely In the chemical structure that deter 
mines their antigenic spceiilaty and (hat bactennl components of this type are very 
widely distributed among difrerent bactemi groups Dclaficld ()D3I 1D33) found that 
a wide variety of Gram negative bacteria including Bor/ rob Dad atragtntt Sh 
Salm ijphi Salm fjph* murium, // injfueti a It brmitJ ntpheva Pmt mvTuaptxca 
Pnleut vulpiru and the menmgocoecus induced hypcrglycictma in rabbits while the 
Gram positiro speeiea studied did not, and Boirioand ilemhcona ()93oh) have isolated 
fractions of tbe same typo aa those obtained from Salm tjph* murium froma variety of 
bacilli of tho cob typhoid group though tho toxicity of most of these fractions has not yet 
been detemuned 

There is of course no reason to suppose that these particular substancce are the only 
toxic constituents of tho bactena in which they occur It is possible that there are many 
others They do however, afford examples of endotoxins that are definable chemical 
eubatancev and not merely mude extracts containing all the multitudinous components 
of the bactcnal cells from which they were derived 

Wo append a detailed description of tlio general characters of a typical member 
of the Saf»none?/a group — Sufm paratyphi B — and n summarized description of 
each of the different species 


Salm paratyphi B 

Synonym * — Dad paralypftosum B Bad tehollmitUtn 

Iiolalion —From cases of entenc infection in man by Achard aad Bensaude (1896) and 
SchottmuUcr (1900 1001) 

Ilahtal — Almost entirely a p-irasitc of U e hnni-vn intestinal tract 

Marpholoffy —Bacilli with parallel sides an I rounde I ends usually 2-3 /i long and 0 6 /i 
broad Gram negative non add fiwl Konspormg nsoaJly noncapsulated 
but may form a mucoid envelope Actively motile flagella are stated to be 
peritnc^te but of this there is some doubt 
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PlaU —24 hrtn vf 3~*C Oosmooe^t trpe cf ccJcnr u cir>Blsr lor «c«trej 
pKviah veBow fsQitlr tnoJaoest, 1-3 Dm. »a diaartg »Tth smooiji ^arCiOf »a<3 
entire bntTTWB m eoassstearr aad rmals5*s ewilr SsiriAoe m»T bs 

j iie ^ Ur iboo-li tmooth. iad edre laaT be ce ar ^ l y csdsdiie cs £ae}v bat B'egalir^v 
indented. Colonies tiua *ie fcfl »l room tempMtare, after jrcLmaury mciibaUta 
at 3“ CL, mar derelop a so-ealkd naccad «a!L 
4p^r ^Jcpt — 24 fcmrt of 3“’C Abundant nised, traasJacen., geensh TtSotr 

gTtnrth mtii fl.rte nin-e stDootb CT b<iat«i-«>i^«« earfaee and eatii* tr oadnlj e 
ed^ 

GfJaf a — 7 dflv* ffJ 20 C Gccd ELfcffin growtli, witb tscdente groaih cn tb» 

surface No bgoefaeticai. 

BrM — 24 Aowri at 3“’ C Abnadaal ^luuib «5tb tnafogg tinbjsJi*T wiaei ttctcmp* 
totnereaie«li£btlrfot2-3dars. to moderate j.'Oaxierrdeposrf dsTs'e-Tatiae 

rrsdilT cbj Outin g’ \o enrface ptnrtb. 

iToeConifjie 4^r — ^4 iomrt tri 3~*C TeBcnr eoJfrues 1“^ nnn. m diamrte' ePen 
rf nne-kaf trpe 

DcKorv'iiCMfri CiWJJe ■if’’' — ^il>otr$el3r C CWoorfeas eclonjes, I 2 tam m <LaiBE-f” 
«rfflJetijac< »ith » blirt centre 

WiUm axd Raff* 4^r — C If dceelr packed, edacies are aboat I mm- 
in diameter and appear faastlr prwnisli if diwrete with loesu to *jT»d, tijer 
are larcer fiatter and daikidi la ee3«ir sntb a m*taI5e 
/’eei»tfl»cf KiUedf TmoL-t beat at ao CLrokalfaabAir Cnfram at mom tempentscr 
or pre^’^Wr cn ec? laediura ta tbe »ee-<te«t. Ere fee mcetLt 
i/Ai!>n,k>T>i A«To'*>e and facnlatire anaemV Grovti bemes a^'oet IS* and 42 C., 
be«tat3~ C iUrfona a Baccid.csprQlarmasaia]at moa teamtsir Gnm 
veO m B tter i aedma ertooaucs ams>CG.iiB ad j> aa tbe main cf Bitmem. 

No lurmalrsa feraed. 

Biocfeniteel — Aod and gas m gtacoie mthoee etaasjtol. aobitcJL dQki*ol, anbjnr 
tabakae and xrtoae, bvt not ta lactoee aamse, aaSsa ce adoaMb IV*ctiaa.t 
ramble m cfaamocoe asd inos.ol. a d t and *- tama.es. and laetnte, swa e 
g<S]eraIlTfrRSCB.<d u one dar Tanabl* rrsmon a Stem a xnodraa. Oixasxxnl 
xanants fail to fmn pas. r m ae c talirr «Tib-djTts»oB based magdr to fi^sre to 
fmoent d tartrate <t ibamnose — lodofc necatiTe 'IJt. — VJ* — 

Nitrates irdatrd. N'H, — MB. lednced. Citali.«e— — 'Kreees etrate — 
Gas fcrasatxsj m llacCcoker b*T4h at 44® C. xygatnr 
ATiit^te ^frueitrt — Dipbase fiareBsted bacHoa. 4tifemac fwmala p}. I\, [VX 
Xn b *— * 1 2 ^trams Isr^is.. the \ aesnaSe aat^^ssi — Ibe of'ae* 

ranelT — are fsaid to be cctnEJooer in earners *b»n in acB*e eases, 

PotAc^n»o»tv — Cives rise as a role to paratTpbesd ferer in ksman bem^ , but *sav b» 
Te«poa^le for a«ste pastjtyenteirtis. f'iJowtd or not after •oe&e daTatr the nrual 
febnle disease ctrains freea case* of gastroentenu efteo f—mr-t rf tartiale 
which etianb ftoo ease of paiatTphcad ferer «eld‘xa dou Ws.* c«?ca.'’«c«Sr 
been isc4aTed Bern deesedK an.Toals but is not Imown to cairse iLse^e m 
timn under natural cond i tigtg. Inotnlated xatraperttcneallT Bto cnoe m * d"*** 
ef about millwa bacslli,rt peodowsdeath la 1 to 3 dirs. Few cxe- cu there 
IS *caae pent<«i.ti3 snd enlirgemoit cf the spien. Tb* baeilS can be recoxered 
m tnltaie from tbe sple^ and heart blood. 

GBOUP A. 

Salm. paratyphi A AJ PX II XII a — 

l*i^ted from entene fexiw in ixjn (Gwm 13^ 'VhoStmiiT I^i\ 1<* 1 Bneo and 
Kavser l*>i.12). Causes mlene fexer bsrt nc4 aeiz*e partro-enle^tj?, n tnan. Has coor 
been iscJaledfrom a jsg (Broodm l®^).biitt»iK^ a natural pstbc«?=n efaamsab. Gnrwth 
IS poarw than that cf most either salmoadle DiSaeci strams xux m thetr pm- 
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duction Occasional etrauw fid to fonn gas growth m immune scrum an artificial 
second phase containing the ], 6 antigens, and an artificial third phase containing antigen 
hare been demonstrated by Bruner and Edscanls (1941a} 

GROUP B 

Salm paratyphi B AI* [I], IV, piT. Xn b -c— *■ 1. 2 

Isotatdl from cases of enfeno fever in man (Achard and Bensaude 1896, Schottmiiller 
1900, 1001} The I antigen la present only in some strains Tlio V antigen is generally 
present, but maj be missmg, particularly in strains from earners (Kauffmann 1934c) , 
such strains hare been named Stim pnrat^i It nr odeMe Strains m which the non 
siiccific phase is missing are sometimes referred to as Salm fnrat jphi B var j<ii« Causes 
enteno fever m man, and sometimes an acute, but mild enteritis Tlie strains causing 
entenc ftver form a mucoid nsU and do not ferment rf tartrsto, the strains causing 
simple cntentia do not fona a mucoid usU but do ferment rf tartrate The jiiin ramtv 
is ilatinguished by its inahihty to ferment t tartrate , it appears to bo unusually common 
m Banama (Fdwarda and Bruner 1043) By means of suitable bactenopbages several 
sub types have been distinguished by Felix and CoUow (1943) Kristeasen and BojWn 
(1929) have described a number of fennenUtivo sub types based on the use of rhamnoso 
and inositol Slay rarely fad to form gas &ilm fatal jfhi B is mainly a human pathogen 
I ut its isohtion has oceajionaUy been reconled from the mesenteric nodes of normal 
pigs (llormneehe and Salwinendi 193C, 1039) from animals slaughtered for human con 
sumption (TUrtel 1038), and from chickens (Cdirards and Bruner 1943) 

An organism, dcsenbed by OanI (I03S) as a new Snh »nf//n tvpo under the namo 
of£aira Gbortiis-eanw, with the antigemcformulall, V’, MI bs — ► fc, Zi isregarded 

br KaufTmann (1041) not as a true type but as an artificial vannnt of 5aiin panljflw B 
Salm tbesy AF (I] IV, V, XII b4-^e, n. x 

Isolated from tin. fsers of norma) persona by Rauss m Budapest, and described by 
KaufTmann (lOiOn) Is dutingui&Ucd from Salm abartiu hotts by absence of the ^X\1I 
antigen by its firmontation of inositol and of t tartrate and by its failure to Lquefy 
gebtin i^ofm tehUuifiem, with ubich it may be confused, contains the XXVII somatic 
and the z,t flagellar antigen fails to ferment dulcito) inositol or t tartrate and hqnefies 
gebtin ^/ot. abony can bo disfingiuahed from t ))0 d tartrate poeitivo strains of Salm 
paralypht JJ only by the differences in its Phase 2 flagellar antigens Its pathogenicity 
for man vs doubtful 

Slim trphi-raoftara A r fl] IV, 01 MI 2 3 

A natural pathogen of r^ents, iwrticubrly mice, in which it causes a typhoid Lke 
disease (Loefllor 1802) Thw orgamsin vs identical with BtH atrtnjckt which was ongm 
ally isolated from a case of acute gastro-entontis (food poisoning) in man (do Nobele 1898) 

It vs under the name of aerlrj/tle that it appears m almost all the recent and current 
liferaturo , so that this synoni m is an important one to remember It is also identical 
with B peslis eariip descnbesl lij berry (1003) os tho cau-o of an epidemic disease in 
guinea pigs, and with the bacillus that Nocard (1S03) isolated from a parrot suffermg from 
psittaeoevs and named Baet psillaetv}* under the mistaken impression that it was the 
caiiee of tliat disease Tho same organwon is frequently referred to m German literatule 
as the "Brc«lau Iiscillus ” Strains in uiurh tho V antigen is missing are sometimes 
referred to aa the copoiAojen (Kanffinann 1034e) or tho storrs (Edwards 1935) variety , 
this type IS common in Amirican | igeons Tbost m which the non specific phase alone 
can be demonstrated are somefirow referred to as tiie hiniis variety (Schutie 1920) , it 
should be noted however, tliat by growth of the fiina* variety m the presence of group 
serum Bruner and Edwards (1039) wera able to demonstrate the csistenoo of a specific 
pliase m all strains It shares its H ant^ens with Snlm aberdeen ^umeroas fermentative 
sub types have been desenbed In Europe strains from ducks and chickens usually fail 
to fetment rhamnose, inostoJ, d tartrate, or atrate, but non rharanose fermentmg strains 
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are tmcommon m Amencan docks (Edwards and Bmner 19-1011) Occasional strains &0 
to form gas 

Balm lyfAi menum is pathc^enic for man as veil as for animals and is tbe most frequent 
cause of outbreaks of salmonella food poisoning It commonlj' gires nso in mas to as 
acute gastro-ententis, not infrequently btal, bnt it occasionally causes a prolonged ferer 
of the entenc type Although it has most oRen been recorded as causing ejudemic disease 
in mice and rats (see, for instance, Jleyer and ilatsHinara 1927), it u nstur^y jatbogenie 
for many other animal species In addition to cauagg infectiom in guinea-pigs and 
parrots, it been isolated from epidemics in eheep (Bruns and Gasteta 1920, lAlute 
1929i, Lovell 1932i), chicks (Ik^le 1927. Edwards 1929. 1939), pigeons (Beaodette 1926, 
Lesbournes anit Verge 1932, Cefnaiann and PcqMjnci 1^3), turkeys (Bettger et cd 1933), 
canaries (Beaudette 1926), and eilrer foxes (Benedict el oJ 1941) In Germany, it is 
by no means uncommon in cattle, la which it may cause severe ententis (Lutje 1937, 
^rtel 193S) It also causes infecttoie tn dnets^ and has been isolated from duida’ 
eggs (Scott 1932, 1933, Palling and TVartack 1932. Lovell 1932&). and from Amencan 
dned It has been demonstrated to the mesentene glands of normal pigs (Honnaecbe 
and Salsamendi 1936, 1939. Scott 1940, Varela and Zozaya 1942, Rubin ti el 1942), and 
has sometimes been isolated (rom pigs that have died of swine fever (see Lovell ]932i). 
It may be responsible for entenlis in cats (van Dorssen 1937). 

Salm Stanley AJ II'. V, HI d •*—*■ 1. S . . . 

Isolated &om cases of food poisoning and examined by Schutie (1920), Savase and 
ITbite (l92o) White (1926), and Kauffmanfi (1^1) (See also Boecker and SOheretem 
1932, Eauffmann 1930ri, 1934<i ) The partial antigens present in the epecuSc phase are 
d and d^ of which the d la shared with Seim amertfoort. Balm muenoAoi, Seim t/pAi 
and Balm, puminum It is not known to be a satoral pathogen of awmala, but it has 
been isolated from imported Affiencao epray-dned egg is Great Bnlam 
SalBL heldelberg AJ IV, V, sn r-* — »-l, 2, 3 . , 

laolated &om a caee of food pouooing I 7 Habs (1 933) (See also Eao&masn 19311, 
Saaffmann and Silbersteua 1931 } It has aince been found m the mesentene lymph 
codes of normal pigs in Mesco (Taiela ai^ Zmen 1912) 

Salm Chester AJ. IV, [V] Xil . . e, h-e — ► e, n. x , . . 

Isolated by Grace of Chester from the Ifccs of pabeota suffenng from gaatio-enteitis 
in a mental institution, and desenbed by T?«nffm«TiTi Tesdal (1937-53) 7T«.s siace 

been found in other European countnes (KaaSmann 1941) Has hem isolated £eom 
cases of infantile diarrhisa in Uruguay (Hormaeche, Belnffn aivl Aleppo 194Q)> farm. 
of gastro-ententis m the Umted States (Borostein, Saphre «T<,t Strauss 1911) and in 
Panama (Edwards and Bruner 1943), and from the mesentene nodes of healthy pigs in 
Uruguay (Hormaeche and Salsamendi 1939) It i« from Salm *ati-dieyo 

except m the phase, in which cSerter is said to have the formula e, o, x, Zu< *ir> * • 
and san-diego e, n. x,,, Xj, 

Salm san-diego AJ* IV. [V] XII e, h-t-e-e, n, x„ . . . 

Isolated on^nally from an ontbreax of food poisonu^ Desenbed by EauSmann 
(1940d) Also found in a case of ententis 10 the United States, and m ICew York sewage 
(Bomstem and Saphra 1942) in a healthv jag in Uruguay (see KauSmacn 1941X and 
in fowls in the United States (Edwards and Bruner 1913). For differentiation feom 
Salm ehetter, see above 

Salm aahnatU AJ W, XT! d e, h d. e, n, Xu . 

laolated from rat ffces near Salmas, Califcnua. Described ly Edwards and Bruner 
(1942a] Is antigenically complex, having d and e m both phases. By cnluvaticm m 
the presence of agglutinatuig serum to Salm. typAi the d antigen is lost from each phase, 
and the organism becomes biochemically and antigezucally indisUnguishahle freon Sale* 
tan-iitgo 
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Satm sal&t^paol AJ" I, IV, V, Xlt ^ 2, 3 

Isolated from the liver of & turkey poult m the United States Desenbed by Edwards 
and Bruner (1940&) Also isolated from faeces and unno of a patient with an intermittent 
fever in New York City (Bomstem and Saphra 1&12] 

Salm lafreb AJ" IV, V, Xn e, h •«—>. l, 2 
Isolated at Zagreb Desenbed by Kanffmann (Idtl) 

Salm Icaposvar AJ" IV, V, XII o, (&)■<— ►!, 5 

Isolated from feces of 3 members of a family who were suffermg &om gaatro-ententis 
andde3er)bedbyBauS9(l&Il>inHinagaiT PbaaelisaiouIartothatof.S'tr/m onderslepoort 
m that only part of the H antigen la present 
Salm koela A F TV, Y, XD y ■*—*■ |, 2, 3 

Not to bo confused with the lotln variety of Salm duUin 
Salm teadlns A F IV, XII e, h •*—*■ i, 6 

Related from the Beading water supply (Schutze 1920) Has since been isolated 
from fveea of cases or earners in relation fo outbreaLa of gaatro entcntis (kauffmann 
193(>3, 1931, 193bi), Boeckcr and Silber>tein 1932), from the mesentenc nodes of healthy 
pigs (Scott 1910) and from an epidemic among laboratory gumea pigs (see Lovell 19325) 
Salm derby A.F [I] IV, XII f, g — 

Isolated from eases of food poisoning at Derby Peckham (1023) (See also Savage 
and ^Vhlte 192o White 1936 Kauffmaim 1931, 1931a) Eanffmann (1937o) pomted out 
that in some strains the I antigen was absent Has since been isolated from cases of 
infantile diarrhcea (Hormaeche, Peluffo and Aleppo 1936 1910} from the mesentenc 
nodes of healthy pigs (Uormaecbe and Salsamendt 1936, 1939 Edwards Bruner and 
Buhm 1910, Buhm <f al 1913, Varela and Zozaya 1942} from turkeys (Edwards 1039), 
and from imported American spray dried egg m Great Bntam Occasional strains fail 
to form gas The fiagellar antigens comprise also z, 

Salta ksapstad A F I\ , XU « h -e— »■ 1, 7 

Salm cssen AJ* IV, Xn g. m <— 

Isolated from the stools of an infant who bad been suffering for 3 days ftom ententis 
(Hohn and Eerrmatm 1036a] Not to bo confused with the eaam fermentative rub type 
of iSolm cntentklis (see p 73C) 

Salm budapest API, IV, XII g t — 

Isolated in Hnngary from the stools of 3 persons who had heen suffering for a week 
from ententis and from 3 healthy camera (Rauss 1939a) The presence of the I antigen 
was pointed out by Kauffmann (19106) According to Rauss (1939a) theflagellsr antigen 
consists ofg t,ZjandZg, this maybeconfusedwith that offfalm aenjleabery which con 
sists of g 8, t, Z( and Z| though, of coarse, the O antigens of the two organisms are quite 
different The t antigen of budaput is said to be chfferent from that of orantenburj 
(Edwards, Bruner and Hinsbaw 1940) Non pa1hogeme_.to mice by the mouth 
Salm ealilornla A F IV, XII & m, t — 

Isolated from young turkeys suffenng from paratyphoid fever Desenbed by Biwanls, 
Bnmer and Hmshaw (1940) Later isolated from fowls (Mallmann et al 1942) and from 
Amencan spray dned egg m Great Bntam. Both the g and the t antigens are complex 
Non pathogenic to monkeys by the mouth 
Salm brandenburg A F IV, XU I v e. n, z,s 

Isolated from a ease of acute gastro ententis comiDg on after a meal of raw ham 
(Kauffmann and Slitsui 1930) Since isolated from the freces of other cases of gastro 
ententis and from the blood of patients raffenng from a pyiexial disease (Cernozubov 
tl al 1836-37) Not known to be a natural pathogen of aiumals 
Salm blspebjerg A F I, IV, XII a *—* e, n. x 

Isolated ftom the stools of a 71 year-old man suffenog from acute gastro ententis and 
bronchopneumonia (Kauffmann 19366) 
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Silo. »Yiirts»-e;rd AT IV, XU ... — v i - . . 

Is Jl»j«3 St 5vJt*asi? (1 'SS) £r:ra » tf s.'ia'aM la *, ^ir^. His ida? 5»^ sstSt./^ 

o-fTaini i7-S=rii|lS33\.ds J:cic(lFlSsK*T!ff salBsaaff fl^^SsG^iJssif CT’fir 
na Ha^'isrsa (lP14i K=t»t (IMPt m 3 T!i-i:i *a2 SZSsr* ii"2 . Tze 
«-— «a^5rT2» -Si'S IVirte *(1*2") «a3 SssSataa fl'CL, lnS4s\. F^sse * coekm 
szsi^s^ x-t »zt2 j-j ja fciisa® la «. a. Elivirii aax Ti-css Lrr* Sms »iti» 

l?r rr-"'nii d 5a?ffi. la j r^ irei a* cf s aia l u? ■■* i » <«sx. !•> arj 

mgSsjJ jjjts* T^ra.-acEsi cse. sa *s J. fecaacrsa lie » *=r?E! e£ S:£ ts, 
pa *' gt yTj ^ , ill* CT^tg. ^3tga3 to »s T^»m» S. ccrltr^tr*? sa t.! yjarSi gs3g 

to, liocci iL/ j3«aaraJ Tti. a szilir Arufa la sa* srsaaiTT ofr'rf jihns* rc Ssl»t 

2l *ii3rl3 1»» prirg’f'Q «icl, Iio*»nE. iiu naniisr I^iss* 1 Z iaus 

T%«-t ■arr^v ira^— »ic? i~e 3 mrigha’PS- O''SSS|-B*3<rn26£i2li0 ^323 C*s. SEfcTR. ^j!r*lJ.erc» 
je a asrcal j>s.ii-ci=j ti lii* li-cs*. aloraas sa saus. Ii j a,a !•• sarrs 

csasftd rsfyina'm a tsm- 


Silja. slo'Cis-erjs AT IV, V>» . e « — * 1, € . . 

i'’stf iiA T!V— r^r^wBt^vVyr^-t^ ■■.' FtCaSSiPaaU 

filrorte* *•** Icn^ 1^1) aai Kagrratra CTta^'Er^i t-iI sa:^ ■reisr 

tp^T^iu stas of til* Sa!n’’iuSB lla« tcajssa ii » t i s ' s *»*»x’''t S^tirr t£ il»* g’ uiJ siaiig 
r**rtms »r* ssTKaT*. la:*, or Krert-ta. Xcn tainra ts eaSnrt aaia or set ».-<-?>.? tnlar 
tiaa ii* thix^v 

xrrel:n's}m AT IT JTJ. XH . . » ^— • 1, 7 . 

I*e9:si<»3 •xr H.03»«iii* sa2 jv«* K»i£siio 3**TJt Sw Sxxa f'*£ei3 sa Sli* 

rtaims CssaI ss« is pKSois o^saar fui7%*«£UE=3>. Tssai csv or* s s 
CAM «f ostT MSsrgiaa (Eiwis ^3 Brcea IfrCSu 
Siln. jSe^c*1 AT IT HI . * •« — * A 7 . • . 

Isjlsirti Vff gnb^ (jer4 1 f-ja ^ *mxe <C * iraaD •iS’saac ^am iSaSs 
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able to give rise to acute gastro eutentis in man, eince about 40 peraons -were taken ill 
after eating a meat dish containing Sohn seMasaAetn, and tbe organism waa isolated 
from their fsecea (see Kauffmann 1041) 

CROOP C 

Salm paratyphi C A J" VI„ VI, VII {ViJ, o -i—h 1, 5 

Isolated from cases of enteno fever in man tnainljr in Eastern Europe, more recently 
in Bntish Guiana It has received many oth« names and, m particular, is often referred 
to as “ Hirschfeld’s Bacillus,” or the * Eastern European type of Bact pfinli/iAosum C 
(see Weil 1917, bieokirch 1918 MaoAdam 1919, Mackie and Bowen 1919, Hirsohfeld 1919 
SchutzeI920, Dudgeon and Urquhari 1920 AndrewesandNeavel921, Weigmann 1925a, 6, 
Iwaschenzoff 1926, tVhite 1928, Eauffmann 1931, 1934n, Giglioli 1930) Kauffmann 
(1935a) demonstrated the presence of a Vi antigen in some strains Its apparent identity 
with the 1 1 antigen of Salm typhi was shown by Kaufi'mann (1936a) and Eouchdi (1938) 
The two antigens can, however, be distii^uished by tlm bactenophago technique (Scholtens 
1937) The Vi antigen seems to play no part m determining the high pathogemcity of 
Salm paratyphi G for the mouse Una organism is an important pathogen of man, giving 
nse to enteric fever that is often associated with eeptio lesions It is not known to be 
a natural pathogen of animals 

Salm eboUra-suls A F \Ij. VII c-e-^1, 6 or 
VI„ VII c 1, 5 

The American hog cholera bacillus isolated by Salmon and Smith (16S5 1886) from 
the former of whom the name SahnantUa is denved Though hog cholera is now known 
to be & virus disease (see p 1903), Salm chalrra suts is a common eeooodaiy invader in 
thu disease It is probably the commonest salmonella found in pigs Either in the 
diphsaio form or in the non specific pbaae (Jlunrenioi/ vanety) it has been isolated from 
the mesenteno lymph nodes of apparently norma] pigs in Great Britain by Scott (1940) 
in South America by Cormaeche and Salsamendi (1039), in Mexico by Varda and Zozaya 
(1942), and in the United States by Rubin, Seberago and Weaver (1942) and Edwards 
and Bruner (1943) It is also commonly found in silver foxes (Benedict tt al 1941, 
Edwards and Bruner 1943) and boa been isolated from cattle (Lutje 1939) Occasionally 
present in imported American dried egg In the past it has been usual to refer to the 
diphasic H,8 negative vanety as the Amencan type, and to the H,S positive vanety, 
wich exists in the group phase only, aa the European or fcururendor/ type More extensive 
observatiooa, however hare reodeied it doubtful whether this distinction ebotild be 
maintamed It is clear that their geographical vclationship is subject to numerous excep 
hons, so that the names European and Amencan had better be dropped Whether the 
two organisms should bo awarded BCparste vanetal names is lees clear Kauffmann 
(IWI) IS m favour of abolishing the term htmendorf altogether on the ground that numerous 
workers have been able to demonstrate Phase 1 in hnaendorf strains by growing them 
m immune serum On the other band, the two organisms usually differ in their HjS pro 
dnction, and — what is probably more important — (beir naturef pathogemcity As Siwanfa 
and Bruner (1943) have shown, Jafirt far more invasive than the lun^endorf 

variety , it can often be isolated from the heart blood of infected ammals, whereas the 
TcunzmdoTf variety remains confined to the intestine or mesenteric lymph nodes Both 
organisms are closely related to Salm pamlypht C, they are distinguished from it by 
their failure to ferment arabinose and trdialose smd to some extent by their lack of the 
Vi antigen Of their pathogemcity to hnman beings there is no doubt hfumerous 
outbreaks of food poisoning have been asmibed to them (Clauberg 1931, Boecker and 
Sdberstein 1032, Kaiiff m enn 1934a, 1941) Atypbmd like fever may result from infection 
sometimes oompheated by pneumonia, arthnti^ purulent meningitis, or bacterial endo 
carditis (Boycott and McNee 1936 Harvey 1937, Goolder et al 1912, Schwabacher, Taylor 
and White 1943) 
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Slim. typhl-STils VI, Tip vn c^— ►!, 5 

This otgMUSta TTU isolit«d from y omi g pigs eaffennj from » Lie <L$ei5« br 

Glisscf (!<<■« I*>10}. Use mooojJmsse tjpev wbieh ensti m tie groop piis* ceilr 
13 somdimts kaovo u the r<cii7}*t% nne'r, w ux^ted from & smilir d»»3a la p.-s 
br Dammaan aad St«3ffeder (I^IO). ctfganums roireseat th» “Fe'lrftTfios’* 

haallns of Gwmaa lit«tnre («» al<o \e<akircli MIS, .iairowta >«ista l*ei Wt.ta 
Kanffmann 1^1, Bartd Siin, ts almost aatuoamaUr 

idoolical with Salm. cMerm-ssu It bowpi e r , la gruwiag poralr cm o*iimarT 

media and in its fCTmtotatian raaetioaa. ltfosm5gasT«7'3lo«ljaadfpar%]j. itossaSr 
ful< to fmsont mannitol or dors so late, it does cot attack citrate, tsoeate, or th> tar 
tntes , and it produces a slight permaseat aaditj in litmus milk. It alro fi r me ii ta 
trehalose, which So/m. tkaVtiT'evu does not. Tbs speeSc phase caa be democstratAl 
la the rolli>y«f» Taiwty ty growth in prtsR>c« of immnas Semm. So far as is taown, 
Salm tvf^t'fnis does not naturally infect animals oth^ than the ps nor does it nre 
nofe to ciiscase la maa. It seems to be twt mwommea la the Ccited Suites (B’-aser 
and Edwaids 1^0). 

Salm. Ihoapson AJ VI, VI, VII . k ♦ 1, 5 

Isolated from eases of foed patroeun; m man be Scott {I'*26), aad siaee be naseroas 
©th« woihsja. Tie bcrfia TanetT, which exists ta th* groap phase, was uc^'ed frtsa 
caaBoffxdpMsoeangbrKaaffmaan(l*t?ti b. aeealaoKacfmisa 1^31. Boeck*^ 
and KaaSnsen l^t KaaTmsaa aad dCtsm Qsabe" 1931, Sd-smasa aad Qsnhe^ 
!'t32, Eoeekee aad '^h(T»tein 1«KJ. Sain. tV-«p*oi* is twt common in Groat Brtaia, 
wbere it !« about the third most fcrqwat Salmtndia tvpe met wuh in Pntfcceais cf frod 
pni«iQiac It waa dc’ctoosUnted la the serostenc Icmph nodes efoctsul jags br Scott 
(I'm)), aad was fmod once in a nt br Khald (t93a) at ktn^vl. K&eeT(193I)tM!st4d 
It from Chinese eq; oolk. Is the United S ate* it appearo to be carotmrron (Edwards 
aad Braaer 1<U3}. Has been isolated from lopaned dmerosin dned e^ 

SalB. earfia AJ VI vn b i. |0 

Irolited ifi South Wale* from a eoeeof acelegaitrn-etiterotiA, and rero^;&-ted as a new 
trpe br Tarlcrat Oxfwdaad Edwards in Kestockr (Tavdee, Edward, aal Edwards I*U5). 
Sala. TtrthBw AJ* VI, VI,. VII r*« — ►! f, 5 

Isolated from a case of acute ga5*rtKntesiUs m Gmnanv AaUresa* f*raetnre de*er- 
mised be KacSinaaii (l**3Cv5 1^1, Slar pre ri*e to a jeoJroatd febeile cLscase 

Slim. Intantls AT VI, VI,, VH , r^e-* 1, 5 . 

l*cdated from the blxd cf an infaat m New EsTra Ilcmul r£erjsz from diimhn 
andmildfcrer I>e9mhed be Wheeler aaJ ixTmaa E.cichfmira!lyialu&2rm#h- 

aWe from Sa3n. nnAop 

Sain, oranienburt AT VI, VI,, VII m t — 

Irolated from fsces of uom al p'-xms aad of paaests ■'u^eeiac from cistn>-«i.«*tis 
(«ee Kan^raann, l*tK^ I’d!, 1*134-3, C5anV^ I’Ci. Sdirmaim and Oaahe^r Eoecktr 
and Mlhe~s«n J'^32>. Its £j< dmcmstiatica in animals was be Edwards (I*tS$\, wio 
found It rropcmahle f w a duearo cf babr ^oaO in tb« Un-ted Sta.<!5. It has leeci fxid 
in chickens in the UmJed Slates (Edwards . jadmar from tbs frrqnroKX w^di wixh 
It Esa been t*c^e<d from Amenean dried ec^ impceted into Great it nrst be 

a common pxrasite of f'nds. In human beiag^ n pees n.ro to mfisiile durrhga (0x 
maeehe Veluffo aad Aleppo and to gastroenuntas in adiiit*. ‘^aro the mtro- 

dnetjflo cf Amencaa dned la 1®I1, nasauus epccadic cases cf isfee'xa with tha 
orraai«m az*i at least coe octhreak b*Te been Trpsred in EnrUrd. 

Slim, petsdim AT VI, VI,. VET I t -e-^ c. n 

I««iated from cases csf food patsseine Examiowd be KauSmasn and Mbssi 
seeal*o Kan^marm I*<31 1*1543 C2aube^ 1®C1 tdicTsam aad Ganherg l<GdV O^ta-rt* 
lhe*„aaia,,aatircastttKi»se2ciaddtiiB»lo*o Has bronf road taimpwtedAmensaa 
sjear-dned e^ 
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Salm bateUIy AF VI„ VI, Vn . . S 

Isolated m India from mild enteric infectmis (Bndgea and Scott 1931) Since found 
m infantile diarthcea in the United States (BoroBtem. Saphia and Strausa l&il), and 
m typhoid lite cases in Hungary (Ranss IMl) and m Canada (Wyllie 1913) Demon 
atrated in chickens and turkeys in the United States (Edwards 1939), and in the mesenteno 
lymph nodes of normal pigs (Edwards, Bruner uid Rubm 1940, Rubin et al 1942) Has 
been isolated from imported Amenean dried egg, and from cases of food poisoning in 
Great Britain 

Satm harHOfd A F VIi, VI„ VII y ■#— > e, n, i 

Isolated from the feces of a 71 year*oId man who suffered from abdominal cramps, 
followed by diarrhcea for a week (Edwards and Bruner 1941a) Phase 2 contains z„ 
and Zj, in addition to e, n, x 

Salm mikawaslma A F VI,, VI,, VII y e, n, z,, 

^olated from rat’s feces m Japan Described by Hatta (1938) and studied by 
Hormaeche and by Rauffmann (see Kanffmann 1941) la closely related to Fcfm hartford, 
from which it differs in the possession of the z,, instead of the x antigen in Phase 2, and 
in the fermentation of inositol Phase 2 also contains z,, Non pathogemc to mice 
by the month 

Salm Bonleylfleo A F VI„ VI„ Vn g, n, a — or 

VI,, vn 8. m, a — 

Isolated by Hoiroaeche and Feloffb (I93d) m Uruguay from the feces of a monkey 
sulTermg from chrome enterocolitis, from an infant with chrome enterocolitis, from a 
pnlmonary abscess in a child with entcntis. and from the mesenteric lymph nodes of 
normal pigs Since found in Uruguay m cases of infantile dianhcea (Eormaeche, Peluffo 
and Aleppo 1940) and in the mesenteno lymph nodes of pigs (Hormacche and Salsamendi 
1936, 1939) , in the United States m two gall bladder earners (Edwards and Bruner 
1943) in a patient with an attack of mild febnle diarrhcea (Schiff and Sapbra 1940) in 
chickens (Jungherr and CIsney 1939) and in turkeys (Edwaids 1039), in cases and out 
breaks of food poisoning and in imported American spray-dned egg in Great Britain , 
in Denmark and in Palestine (see Kauffmann 1941) 'The Danish strain lacked the 
VT, antigen and differed in eome cultural respects 
Salm Oslo AF VI,, VI,, Vn at— >o, n x 

Isolated by Tesdal (1937) from feces of patients with goslro enteritis in five different 
places m Norway Phase 2 also coatams z,, and z,, 

Salm amersfooit A.F VI,, VI„ Vn d ■* — > e> n, z 

Isolated from the heart blood of a 7-day old chick in the Transraal , the chickens 
at the time were soffenog from a severe infectious disease accompanied by a high case 
mortahty Described by Henmng (1937) Also isolated, together with Satm typhi 
muriTijn, hy Schiff and Strausa (1939b) in tie Umted States from a patient suffermg from 
a typhoid like fever The d antigen in Phase 1 consists of the partial antigens d d, and d. 
Phase 2 also contains z,, and z,. Pathogenic for chickens and mice on intrapentoneal 
injectioa 

Salm braenderup AJ* VI, VI,, Vn e, h-<— ^ e, n, z,, 

Isolated by TTnuffynaTin and Hennu^sen (1938) in Denmark from the feces of a W year 
old man suffering from enteritis and from bis cat, which had died of diarrhcea Since 
found in South Africa (see Kauffmann 1911] Phase 2 also contaans z„ and z„ 

Salm georgla AJ VI, VH . b-* — »-e,n,i^( 

Isolated from healthy earner (hlorns, Bnm and Sellers 1945) 

Salm concord A F VI, VH . 1, v-*-> 1, 3. 3 

Isolated in Massachusetto , also m England hy Taylor at Oxford from a case of acute 
gastro ententis m a child living on a farm, and from her cat 



SALitO^CLZU 


“W 

Slim. tcnaesjM JLF VI, TI^ Vn — 

lMU4eii from tiee Ixixs of a beO.hr food Kiadltr emploval la « faiessiir hxse 
a number of wbcee oocnjants w«e from fixui paiacBimg (EErcaer «"<d Ednrds 

IfoisJed from cases of fotidpcEseejizinCrMt Bri4m.*iii&omiEpor'edAm*svaa 
«praT-diied AppareaJr nxw^saac. A trace of Zj, isav b“ pr«>saa^ 

Salm. pnens AT VI, VIH e E t — ► I 2 

IjicJa edfrom lEe fxees of abov* "SeTrHatenHeKptlal goSenisz from gasjra-ce. eyns. 
Desenbed br WEfeler arid Borman ( 1913 ). Bioci»mjeil]y taAstingn^^tabie from Ss.k. 
nftrpcrt. 

Satn. Bewport AF TT, Tin ew E^ — ► I, 2, 3 

Isolated from esaes of fool pcesonia; »a man fVEatie 1030^ Carrespoais to Para- 
typ^'os^ of Welland ). (Nee also WEite Kaaffmana l<>i»i 1931 I'tJfa 

^ebutie \**30 Qanbei^lOSl ^l^minaaadClMbts" l^^BcecVe'aiiJ^be’^eta 10 Q2 .) 
Om of the commos>« Irpes me* J» ta oolbreais of food possceuis in Great Br-.-t r' 
lic^ted bT (193^) &on ra»a at laretpool fiom rase* of »~f«f rt » A trr li i» * ja 

Unimav (Hcamaeebe PdoSo aad Aleppo 1®C6, 1*401, from rfafteos »tv 1 t a A e r s in tbs 
Ccited ^ta e* (Edvards 193*') froia irtaD meat m tb* Un. ed *• Jte* (CfcarT SeliKi^ 
aad Wearer 1913) aad frz^ tbe mesentemc IvmpE nodes prr* q EnAiad 

1940 aad tn Cramar (Honaaeebe aad Silsam^mdi l*d>j, !*C9). Hie pTtertMva Titttr 
tJcedas 1934 Kair5m*nn l*©4fl) ezirts aaJr tn tE» nco episSc ybaar but br cnLintxn 
mlbe iwesenteofanuamcaeseiTiia tbe«p*«Scfbaie ta»T beoMamsdfrtsarl (B'tmsraad 
EdrardB 1939] Eu been teoli ed frtxa impcrted AmerHan sprar^dned e<** 

StlB. kettbu AT VI, vm e h * — *■ 1 » 

latlited from eases of arate ca.'troeetcTUs (Kasfsasa 193141 I>i£e^ frees &.cs. 
aarp^ of vExh it osed to be etvsdered a vanr^ so tbe t/^-*ptnne ybaw 
Sales. Eotls*Berbi£eaE3 \T VI, Vm r -* — si S 

Isndated from an infected cor br Gasenaa (1S91), E«« also be«o tsdated from EUUO- 
eznentu in mas (so* WEi « 1^^ ^Jadieo aad ^eett 192* Easfmaaa aad 2G*9u I9d\ 
K«ggrr.«nq 1931 19314 l^ll Claslcso 193| and Qaoberg 1''82, Boeciar 

aad 9dbai«resa 1932). Not rtre eoaaon ns cattle (Bir*eJ I93 n Insie ISSSL Col med 
from imported American epar^rsed cc^ in Great Bn am, 

Sila. maectEen AF VI, \ 111 d ■* — ► I * 

Isxated br Eandelbanm (1932) from aCsld raseef pa.n]o^tent.s («■« also SIberstem 
1932. KaoSmann 19343 1*41). Focad br Bcrmaccbe Pelo5a and Aiepjo (I&l^) la 
mfamiJe dairiiea ca C'ra2tiaT' Is^aled from oe^asteoc Irrryb ooder ej BErmil ys^ 
in ImjnsT br fionnaecb* aad 9alsam«od>( 1939). aad tom tEickecs in tbeTTs. ed 
{Edvards 1939). ^omejnxa yac^il m imported Ameneas fj^vTHined ^5. Appeared 
to be tcepoasiNe f jt an cytinoUc amixm puasa ptr« in \cv Y«k Ctv (BcEsteis, ^ybra 
and 9traQS$ 1941). Tbe d ar.tsjea crm.airw tb» yurUil a--t>-a ir>s d, d, and d, 

Sain. orepOB AT VI, \in d-e— »• 1 2, 3 

Isolated from a tnifav and from tbs i=efC’'te*Tr IrmpE Dod*s of nermal jbs tn tbe 
United ‘'tates. \l«o frond in imported Assencan speac-dned em. J es rabed br Pataa 
(1940) as a raaant of naasetea b^t i-jarded be Kdmds attl Brnarf (191U) 
as a nev tryc Tbe d antigen m Ibe specanc y^ue b iilmtica! miE lEst of wsaiaSaa, 
^in Kira ami ebsKprei but d.ifera to some extent fr'nn tbat of avnwAea, tffif and 

Salrt- Beueam A.F VI, VUI d-e — vl 2, 4 

Iscdated in Eexsco from tbe mesmteisc glands of a snljert a pos* mortem, and 
the faces of a eiild eniE iLairbrna (Var^a, Zozara and 0,arle 1913). 

Slim, manbatfan AT VI, VUI d ■< — e- 1 5 

Isciated&omaeiitkEnai3fcomatiiifayiathsTrnJed9_i.*s. Tonalaisomimpcrtod 

Americas syaaT-dned e^ Desmled by Edwards aad Bmaer (19415). lscls..ed alas 
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irom ft hujDan eonrce in ilaasachusettft {Bonuteiii and Saphra 1942) For fhs nature 

of the d antigen see Solm orejon 

Salm narasbloo AP \Ij VIII n x 

According to Kauffmann (1941) thi** o^amsm was isolated m 1937 from the blood 
and fscces of a patient with a typEo d like d «ease la Japan and its antigemc structure 
^as determined by I^akagoio and liainaduta Phase 2 contains also Zj| and 
Satm gloatrup A F VIi VIII z,o <—*■ e n 

Isolated by Kauffmann and Uctining^en (1939) from the feees of patients in a family 
outbreak, of gaatro eatcntis and from the fseces and blood of their dog which was ill at 
the same time Phase 2 contains also Zj} and Kon pathogemc to mice by the mouth 
Salm Utchfleld A F VIj VIII 1 ▼ 12 3 

Isolated from the liver of a turkey poult m the Umted States Described by Eduards 
and Bruner (19406) A strain isolated many yean previously from a case of food poisoning 
in man was later found to belong to tins type Also isolated from American spray dried 
egg m Great Britain 

Said duesseldorf A P VI, VIII t, z,* — 

Isolated in Germany from two patients in hospital — a boy of 3 years and a man of 
40 years trho died (Hohn 1940) 

Salm bonaiiensk AJP VI, vttt i < — ► e n i 

Isolated from the mesenteno gland of a normal pig (Montererds 1942) 5 nee met 

with in a normal human earner (Ednanb and Bruner 1943) Antigenic structure not 
yet completely worked out 
Salm Virginia AJ* vm d — 

Studied by Sel gmann and Saphra (see Fdwards 1915) 

Salm amhentusa A F (nil) i (v) » 1 6 

Isolated from the liver of one of s group of poults affected with a fatal disease Th a 
is the miy known salmoaeUa to contain the 1711 antigen alone and oven this is incomplete 
It IS perhaps doubtful whether it should be included in Group C Desenbed by Edwards 
and Bruner (19426) 

GROUP D 

Salm typhlAF IX XII [Vi] d — 

The cause of typhoid fever lo man Its general characters have lieen referred to 
in previous sections The great inajonty of freshly isolated strains contain the \ i antigen 
The d antigen contains the partiat antigens d and d Ow arf colomea cent ammg the O 
hut not the H or Vi antigens may occur Artificial phase var ation may follow growtl 
in the presence of a d antiserum the d antigen being replaced by j (Kauffmann 1036c) 
the new phase is referred to as Phase 3 Though many etrains of Salm lyphi-^is Salm 
sefidai and SeUm gall nanim fa I lo produce gas from glucose Salm fl/p^l is unique among 
the Salmonfila group in never forming gas Sub types based on the presence or absence 
of fexmentat on of xylose arab nose d tartrate and oodiuiu citrate have been desenhod 
but for epidemiological purposes the method of bactenopbage typmg is of greater useful 
ness Does not appear to infect aEUmals under nataral oondit oos (For propert es of 
Vi antigen see p 152a and a short renew by Almon 1943) 

Salm enterltldls A F [I] IX XII g m — 

Referred to Bometimee as the yartner or jetw variety Isolated from the spleen of 
a fatal case of food poisoning wh eh affected C8 pereons at rVaukenhausen who had eaten 
the flesh of an emergency slaughtered cow (Gacrtner 1SS8) Since isolated from numerous 
sporadic cases and outbreaks of food poisoning m diffwent parts of the world (see IVhite 
1926 1930 Kauffmann 19306 1931 1934o 'Wamfn and Scott 1930 Boecker and S Iber 
stein 1932 Boecker 1936) The full formoU <rf the flagellar antigen is g o, m z, z. 
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Salm trienudu tma four ferznentatiTe vanetiee (sc« Table 40) . (he ongiaal, gurintr, 
or jMia T&nety, just described , the danjrc Tanely, sometimes known as the Ilalm hsciUus , 
the eJ«e« variety, and (he chaeo variety The danyas vanety was isolated by Danyaz 
(1900) from an epidemic of mouse typhoidin field mice The Katin strain of this vane^ 
was cultured from the unne of a sick child by Neumann in 1902 (see Keport 1934 Kanff 
maun 1934a) Both the Katin and the Liverpool ‘ viruses ” are prepared with this 
vanety (Leslie 1942) The easen vanety was isolated from cases of gastro^nlentia in 
man, from ducks, and from ducks* eggs by Hohn sod Herrmann (19353, b) and decribed 
as Salm Ttioshau , it is not to be confused with Saint usen, which belongs to the B group 
of Salmonella (see p 729), nor with ^ofm mostote (see below) The cAaco variety was 
isolated by Savino and hfen^ndez (1931) from cases of continued fever in (he Chaco war 

Apart from the choco vanety, which has so far been met with only m man, the natural 
habitat anrl frequency distribution of the other three varieties of Salm en/eri/><ft4 is 
subject to doubt So many workers wbo bave isolated Salm enUnlidia from cattle, 
horses, pigs, chickens, ducklings rats, and other smuecs have failed to difi'erentiate between, 
or make no mention of the different fermentative vaneties that much of the available 
information is difficult to interpret The jeno vanety appears to be responsible for most 
outbreaks of food poisoning due to Salm ententidis that follow the consumption of meat 
It does not however, appear to bo veiy common and it constituted only 1-OC per cent 
of 1 690 Salmonella strains isolated from domestic animals commonly used for food (Barthel 
193S) It seems probable, also, that it may give nse at times to purulent meningitis 
(Guthrie and llontgpmery 1939) The danyn vanety appears to be ptedominantly a 
parasite of rodents it has been isolated from silver foxes suffering from distemper or 
paratyphoid (Benedict el al 1911) Its patbogenioty for man has been disputed, but 
a number of cases and outbreaks of gastro ententis in man hare now been desenbed in 
which the causative role of this organism and its onpn from rat ' virus '* are well estab* 
luhed (ees Leslie 1942) same of (he cases have proved fatal The eesen vanety appears 
to be charactenstically a parasite of ducks (Jansen 1937) but is capable of pvug rise 
to acute gastro eutentia in human beings (For further information on the vaneties of 
Salm mienUdu, see Kauffmano 1941 ) 

Salm dubUu A F I, IS, XII g, p — 

Sometimes known as the k\el vanety of ■?<dm ententidie Isolated on several occa 
81003 from calf diarrhma and desenbed under the name “paracolon bacillus,’’ but not 
adequately differentiated till examined by White (1930) (See also Warren and Scott 
1930, Smith and Scott 1930, Scroman and Ora 1932, Kauffmann 1930(, 1931, 1934a, 
Bosworth and Lovell 1931, Boecker and Silberstein 1932, Hohn sod Herrmann 1935i) 
In Huiope its principal habitat apjpears to be calves, less frequently older cattle It is 
veiy common for instance, it constituted 394 out of 456 Salmonella strains &om cattle 
studied by Lutje(1939), 314 of the 391 strains were isolated from calves or occasionally 
feetuses and only 72 from adult cattle It formed 78 37 per cent of Bartd s (1938) 
senes of 1,690 Salencmdla strains isolated from domestic animals commonly used for food. 
In the Umted States it seems to be found principally m silver foxes, and only seldom 
in cattle (Edwards and Bruner 1943) It has bwn isolated Horn fowls suffering from 
enteritis (Lutje 1937), and from the me«en(enc lymph nodes of normal pigs (Scott 1940) 
In man it may give nse to a contmued fewr of the entenc type (Smith and Scott 1930). 
and sometimes to menmgitis and cholecystitis (Guthne and Montgomery 1939) As a 
cause of acute gastro enteritis m man it u less common than the jena vanety of Salm 
enientidie but it has been responsible for more than one milk borne outbreak of the 
acute food poisoning type (Conybeare and Thornton 1938, Tullocb 1939) In calves it 
18 T^ponsible for ententis (Boewoitb Lovell 1931)— the so-called calf-diaTihcfi8,i — bat 
in adult cattle it affects more often the udder, lungs or heart giving nse to inflammation 
Chronic earners are not unknown in cattle In the past many strains of this organism 
have probably been desenbed as Seim etUtnbdiS Two fermentative vaneties have 
been desenbed acera and koeln Occasional vanants fail to form gas 
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Sitm Tostoek AF t IX XU S P o — 

laoUtCTl from Mttlr Frrst dlfTt^rcntuteil on basis of fermentation reactions {Bahr 
103i>i &) Antigeulo Btructuro stuclinl by Kattffmatin 1031 103bi, 1035t) (See 

also Stroman and Om 103J Itol n and llennann lOS'Ia) It appears to bo rclatiyely 
uncommon In cattle tn Germany (llarlel 1033 latjclOM) and has not yet been isolated 
from human bcin^ 

Salm mojeow Ah 1\ \II g q — 

JsolatoilmalQlyjn JlusslAfromfcbrlleinfectionfiR taas(T\eigmAnR 1025a Iimchen 
toif IC G) It has stneo been isolated from eases of gaatru-enlcritU in man (Ilohn and 
IIcrrmaRR 1P3^K> Kau/Tmann 103^} ami from a con and a horse (KauiTmann 1935i) 
Its itrueturo was first deterroineil by liichs (1030) (seo also KaufTminn 10306 1031 1031<t 
10766} The full formula for its fiagctlar antigen is g o, q It is doubtful uletler 
it con give nso primarily to a typbmd UVe d scase in man most of the Russian stn ns 
appear to have been coses of relapsing fever in uhich Sal n moacow was a secondary 
invader Not to bo confused ulth iSafm enienf du var ustn uhicU was Cist described 
as Stj/m mofoas (Ifohn and Iferrmann t03&i) 

Sain bletiam A.F I\ MI g m q — 

IsoLated from tho blood of a patient in Denmark autfcring from pneumonia described 
bj KadTmann (103^) Does not appear to havo been met uUU sgain 
Saira peniaecla A.1 1\ Ml g m t -- 
btul eel by lelaanla (1013) 

Slim hsrta A.h 1\ XU f g I — 

ImUIoI from tie pooleil me*cntene lymph nmlea of normal ppi in Lruguay and 
rF}srtcd to a local society in 1037 deacnbnl by Horinaeebe PcIufTo and Salsamendi 
in IDS'* Studieal also by KaufTmann (19376) It ant gen contains also a, and llfi 
(roduction irregular latlogenio to rata by mouth and by subcutaneous and mtra 
petiioneal inyectloo orhen girrn in largo doses 
Salm faitbeurtK A.1 [I] I\. Xlt e S 

Taobtod from » eoM of rntenc Aver (hroboaod Sliera )D3I) (Seo also KaulTmaiu} 
103i4 ) Subsequently met orith in tho United States and in Noruay Durnstem and 
Ssphra (lOiS) exaniinoi a tlnin tltat luul b'vm isolated from the spinal ilu d of a child 
vho die<l of tnrmngil » Also found la ammals bomo strains aro peculiar in producing 
indole locc tol f rmentstioa i* irregular and occasions} lanants foil to form gas 
Salm lendalAl [1] IX XII »■«— s-l. C 

Isolated from cases of enteric fever In Japan (Aoki and Sakai 1023) Anltgeu c slruc 
turn dc(ermin«i by Rlito (I92G) and Kauflbiann (1931 193i<r) Smeo isolated from 
a patient onlh a typhoid like fever in Georgia (UornstciR sod Ssphra 2913) Cioselj- 
relatcdto Wm yiral^phtA fromu-hlchltditrctaincootaininglhoixaDtigen mpoaaessing 
a group j base (which can however bo artifidalty lodweed m i^w paraf/pkt A by growth 
in the {rreernco of imrauoo acrum) In fennentiDg xylose and in forming little or no gas 
from dextrose Resembles Salm parafypAi A la growing mon poorly than most other 
Solmonello Btrains 

Salm lomallndaAF IX, XII a-^c n x 
Salm onartmon AJ I 1\ XII b-s — »■ 1, 2 

Isolatcil from tho stools of a healthy woman in Japan Described by Kisida (IWO) 
Closely reserablca Solm pora/yphi R an Hike that organism it forma a mucoid wall Was 
later isolated by Anui an I Tsurumi (19(0) from tho blood of a pat ent with a typhoid 
like disease which began with dysenteno symptoms 
Salm dar-cj-salaam Ah I I\ XII I WiS — t-o n 

laolatol from the unno of a fcbnlo patient in Dar es Salaam Ant gemo Btnicturo 
determined by INhite (lO^O) (Seo also Kanffroann and Mitsui 1030 Kauffmann 1071 
193ia ISHOe) Icculiar m that it liquefiea gelatin Venable in ita sbil ty to grow on 
an ammomum baso medium Full formula of Phase 2 is e n tji <|| 
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Salm goettlngen AJ" IX, Xn . . 1, n, . . . 

Described by Hobn (1910) iq Germany; ongm not stated, except tliat it vas isolated 
locally Studied by Eauffmann (1910c) 

Salm. durban A F IX. XII ... a -e— >■ e, n, Xj, , . . 

Salm panama A F I, IX. XII ... I, v<— »• 1, 6 . . 

Isolated by Jordan (1934) from & food poisoning outbreak Studied by Eaufimano 
(1934a, 1937a) Found by Scbiff (1933) in Kesr York City m 4 cases of infantile diarrbcea, 
2 of which proved fatal, and by Schiff and Strauss (1939b) in three further infections, 
one of which was in an adult Isolated from cases of infantile diarrhcea m Uruguay by 
Hormaeche, Peluffo and Aleppo (1940) Was responsible for 6 1 per cent of 2,285 Salmon 
tlla infections m tbe Umted Staten and Panama in which the causative organism was 
studied by Edwards and Eruner (1913) It is found in animals, but its natural habitat 
13 not known Strains vary ih their ability to ferment d tartrate, and in the rate at 
wluch they attack dulcitol Occasional strains are said to form indole (Seligmann and 
Ssphra 1943) 

Salm Italiana AJ IX, Xn . . I, v« — ► 1. 11 . . . 

Studied by Eruner (see Edwards 1945) 

Salm. elalbornel AJ* I, IX, XII . . . k^ — > 1, 5 . . 

Isolated from a patient auE'enng from gastro^cntentis at Camp Claiborne, Louisiana, 
and desenbed by Wilcox and Lennox (19^) 

Salm galUoarom AF IX, XII . . — 

Isolated from fowls suffering from fowl typhoid (Klein 1859) (See also blooce ISOS, 
Pfpiler and Rehse 1913, Pfeiler and Roepke 1917, White 1926, Eauffnuma 1934a, b) 
Differs from other membeiu of Salmonella group in being non fiagcUated and possessing 
therefore only an 0 antigen. Forms little or no gaa from dextrose , fermentation of 
other sugars is relatively slow and feeble. Satm gaUinarum appears to be seldom patho 
genie to man, but a fermentative variant, known as duuburg, which fails to attack d tartrate 
or to produce H|S, may be respooable for cases of acote gastro enteritis (see hluSer 
1933, Eaoffmann 1934b) A more important fermentative Tenant, often regarded as 
a separate type and called Salm pullorum, is responsible for tbe vndeepread disease of 
chickens known as baoUaty white diarrbva Whether this organism is antigenically 
identical with SaJm galhnanim is still under discussion It was Isolated by Itettger 
(1900), and has been studied by numerons workers (see Kettger and Harvey 1908, Rettger 
1909, Smith and Tenhroeck 1915. Gage and Martin 1916, Krumwiede and Kohn 1917, 
Rettger and laoser 19VI, Hadley et 111 WVJ.Mulsow 1919, Winslow ei ol 1919, St Joltn 
Erooks and Rhodes 1923, White 1926, Kauffinann 1931, 10340, b) Salm pvUorum differs 
from Salm gallinarum m produemg gas in dextrose, and m fading to ferment maltose, 
dulcitol, dextnn or d tartrate , it also grows more poorly Emshaw, Browne and Taylor 
(1943), however, who studied 300 strains of Aifm jniHorum, found that 43 strains produced 
acidity in maltose m 24 hours, and that a further 158 produced some degree of acidity 
within 4 weeks Of the total 300 stnuns, 40 failed to produce gas in dextrose. It is 
niiUidy a parasite of chickens, but bas been isolated from sparrows (Palling. Mason and 
Gordon 1933), silver foxes (Benedict sf al 1941). pigs, mint and man (Edwards and Bruner 
1943), and also from imported American 6pniy.dned e^ 

Salm napoli AJ LX, XU . . I, — ►e, n, x . . 

Salm Javlana AJ [T], IX, XU . . I, z,, ■*—*■ 1, 6 . . 

Isolated from fsecea of a child suflermg from gastro.etitentis in Batavia, and from 
human camera in Panama Desenbed by Edwards and Bruner (1942b) Closely related 
to Salm panama, but differs in (he specific phase The z,, antigen contains part of tbe 
Zjj factor of vga/ida Xot to bo confused with the jara variety of Salm pam/ypbi B 
Salm. canastel AJ* IX, XTI . . . z,,-*— »-l, 5 . . , 

Studied by Bruner and Randall (see Edwards 1945) 
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GROUP E 

Salm london AF III, X XXVI, I, — >1,6 . 

Isolated by White (1926) from a patient at Beading with gastro ententia and described 
as Type L Later called london by Kauffmann (See also Kauffmann 19306 1931, 
I93Io, I939o Kauffmann and Silbersfein I9J4 ) OnWrated by &mozubov, Filipond and 
Sta\al (1936-37) in Jugoslayia from the faeces of three patients who developed fehnle 
diarrhaa, accompanied by the passage of blood and mncus, after eating sausage Found 
by Hormaeche, Peluffo and Aleppo (1936) in ufantOe diarrhcsa m Uruguay Isolated 
from meaentenc glands of normal pigs in Uragnay (Hormaeche and Salsamendi 1939) 
and in Great Britain (Scott 1910) Also isolated from chickens in the United States 
(Edwards 1939), and from imported Amencan spray dried egg in Great Britam 
SaJm give A F III, X, XXVI, 1, y h— > 1 7 

Isolated from a patient in Spam with long standing diarrbma Described by KauS 
mann (19376) Since isolated from gastro entcntis in a child in the United States (see 
Bomstein, Sapbra and Stranss 1941), from mesenteric lymph nodes of healthy pigs in 
the United States (Rubin Scherago and Wearer 1W2) and froni chickens in the United 
States (see Mallmann ei al 1942) Found also in imported Amencan spray-dned egg 
Salm Uganda AF HI, X, XX\T. I, 1. 6 

Isolated from the spleen of a fatal case of pyrexia of unknown origin in Uganda 
Described by Kauffmann (1940c) The 1 antigen is not identical with that of london 
and dar te^tolaam, nor are the 1, 6 antigens identical with the 1, 5 antigens of Salm 
lAompcon Phase 1 contains small amounts of antigens r and w Distinguuhed bio 
chemically from london by its fermentation of • tartrate, its more rapid fermentation of 
{ tartrate, and its failoie to ferment inositol 
Salm aoatum A F HI, X, XXVI, e, h -e— > 1, 6 

Isolated from an epidemic intestinal infection of ducklings, known as keel disease 
(Rettger and Sconlle 2919, 1930) (See alao Edwards and Rettger 1937 Loreil 19336, 
Kauffmann 1934ii, Kauffmann and Sdbcratein 1934) Many early strains described under 
this name were really Salm typht mnrtum Has been isolated by Hormaeche Peluffo 
and Aleppo (1036, 1940) from infantile diarrhcea in Uruguay, by Rauss (1941) in Hungary 
from the frees of hatlfhy persons, by Edwards (1939) in the Umted States from chickens 
and turkeys , by workers in Great Britain from cases of food poisomng and from imported 
Amencan spray dned egg , from inesentenc lymph nodes of normal pigs m the United 
States by Rubm, Scherago and Weaver (1942) and m Mexico by Varela and Zozaya (1942) 
and from scirer fasea la Che UatCed Stalee (Beoedtet a' a/ JffJlf 
Salm moenster A F III, X, XXVI, e, h ■* — > 1, 5 

Isolated from a food poiaoning outbreak due to raw horse fleah Desenbed by Kauff 
mann and Silbersteiu (1934) Also met with in casca of infantile diarrhcea in Uruguay 
(Hormaeche, Peluffo and Aleppo 1940) Differs biochemically from Salm oTia/um in 
fermenting inoaitol and in failing to ferment t tartrate 
Salm vejle A F HI, X, XXVI, e, h 1, 2, 3 

According to Kanffmann (1941) thw oigamsm was iwlated by Moller at Copenhagen 
from acute gastro ententis, and described by Harhoff 

Salm amager A F lU. X, XXVI, y *-*■ 1, 2, 3 

Isolated in Denmark from the faces of a patient suffenng from ententis Described 
by Kauffmann (1939a) Non pathogenic to mice by the mouth 
Salm shanganl A F III, X, XXVI, d < — > 1, 6 

Isolated from faces of a patient with febnle diarrhcea and a commencing miscarriage 
ftt Zanzibar Desenbed by Kauffmann (I939ii) The d antigen is not identical with that 
of fypAi Non pathogenic to mice by the mouth 
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Sslia mslusrtdls A_F in, X, XXVI, e, b ► I, w 

(Name denred from neleagna— « kisd of gomeafowl, proziotu]c«d m€l£agndu}. 
Isolated in Sflnn esotA from outbreak infection m tarlejpoalta, later foood m Haas- 
aebusetts, Michigan and California. Deecnbedbr Bruner aDd£diwda(I94I(} Isolated 
also from a patient intb a tjphoid litg ferer in Veaecuela and firom Xeie Yodi sevage 
(Bornstem and Sapbra 1&43). from tbemeaenlmeljmjb cedes of normal pegs m Mexico 
(Varela and Zozara 1&13), from German soldiers m Xonraj (see KaoSmann 1^1), 
and &om American dned m Xn^and. Aa in Salm trortAtn0on, the H antigens in 
Phase 2 are common in Phase 1 of otha Salmonelia types 

Stlm nybots AX HI, X, XXVI, e, b-«— *-1, 7 . . , 

Isolated in D enmar lf from a case of aente ententu in » child of 6 years Described 
bT Knstensen and Bojien (1936) and atndied 1^ Kaufiznann (1937&) The O antigen 
u not completelj identical mth thatof Sti/m aan/vm.as anonntim serum after absorption 
mth nyborg still contains agglotuins for onatvfn and for other organisms containing the 
HI, X, XXVI combination. 

Salffl Zanzibar A.F HI, X, XXVI, k •*—*■ 1, 5 , . . 

Isolated from fieces of a heal thy earner in Zanzibar Desenbed by Katxffmann (1939a) 
The L antigen is identical «ith that of Aotnpaon. The 0 antigen is slightly aberrant. 
5»on patbogeue to mice by lb* moutb 

Salm leiington A-F m. X, XXVT, z„ 1,5... 

Isolated from nesentenc Irmpb nodes of normal pigs. Described by Fdwsrds, BrnnH^ 
and Babin (1940) (See also Bobm et ol 1912} According to Kauffmaon (IMl) an 
oigamsm hanog the same antigenic foroola m fooad mdepeadesUy by Etber in the 
Dutch East ladies and described as S^m batana The 0 antigen of S^m Imugton u 
slightly sberrant and contains a special factor in addition to the HI, X. XXVI factors. 
Salm. veUemden XS m, X. XXVI, r-t — »-z« . . 

Salm neirisgtes AJ* m, XV, e, h ^ 1 , 6 . . 

Isolated by Rettger from ducklinga to Corznecticut, and deecnbed by Edwards (1937)- 
Also isolated from 3 cases of gastro-ententis in man in the United States and &om sewage 
(Bornstein and Saphra 1912) , from chickens and terkejs m the Uiuted States by Edwards 
(1939) from the mesentenc lymph nodes of oonnal pgs in Uruguay (Sormaeche and 
Salsamendi 1939) and in the Umted States (Eubin ft el 1942) , from eilrer fcEsrs 
m the United States (Benedict et oL 1911) • and from imported spraynined egg in Great 
Britain. Phase 2 contains 4 in addition to the 1 and 6 factors. Under the name of Sain 
tim, Kanffmann (19375) described a ranant of n^fcxngion isolated from two patients tuSet 
mg from gastro-ententis in Denmark. It is differoobated from neKington by the greater 
complezity of the e, h antigen, and by its late or inconstant fermentation of maltose and 
dextnn. 

Salm seUndla AJ m. XV, e, h ■* — »- 1, 7 . . 

Isolated from the fsces of a young sailor, belmiging to S.S ^ehmdia. who on a long 
voyage to Asia and Australia had suffered from repeated diarrbcea. On his return to 
Denmark he developed fever, long symptoms, and diazrbcea following cemsbpation. 
Described by Kanffmann (19375) Also foond m Havana (Seligmann, SaplA and W^er 
mann 1944) 

Salm new-bransmek A.F HI, XV, I, t *—* 1, 7 

Isolated from a baby chick. Desenbed by Edwards (1937). Found also m mesentenc 
lymph nodes of normal pigs in the United States (Pnbin ei el 1942) Two strains hare 
been isolated m Denmark, one from a woisan with acute gastro-eutantis, tbe other from 
a patient who had returned from the tropies and was suspected of having nalarta (EaufT 
mann 1941). 
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Salm cambridgs III W I w-* — t-e h 

IsoUteil from a soldier suffering from Sonna dysentery Studied by Taylor (uu 
p iblisbcd) 

Slim minols AJ III \\ 1 5 

Isolated from p gs In Illinois Hunganan partr dges in Michigan and turkeys in Mm 
nesota De->cnbed by Ednsrds anl Braner flWlc) Some doubt about the constitution 
of the 0 antigen wh rh is given aa (III) (\\ ) XXXI\ by Edwards and Bruner but as 
III W by KaulTinann (IWl) 

Slim UksonyAF I III \I\ 

Described by Itausa (1&13) 0 antigen is identical with that of Salm tenfunhtrg 

Slim senttenberg A E I 111 \IX gat — 

Isolated by Kauffn ann (10 9e) tl ough not under the name of Salm ttnflmberg 
from an 8 year old boy suffering from acute gaatro-ententis (See also Kanffmann 19306 
1934a IMl Kaulfmann and tsui 1930 Bocckcr and S Iberste n lOS**) Found also 
in t! 0 Un ted States in young turkeys suffer ng from an epidemic d sense (Edwards 1937) 
and in cluckena (Edwards 1039) in a human earner in the United States and m Chinese 
egg (Bomstein and SapUra 194*’) In rcta 1 meat m the Un ted States (Cherry Schersgo and 
W caver 1943) and in the mesentene lymph nodes of normal p gs m Bfenco (V arela and 
Zozaya 194") Isolated from imported Amor can spray -dried egg in Great Britain In 
eluded in the flagellar antigens arc z* and z« Salm ttitJUnbtrg var naecnsile was isolated 
from the fecca of a healthy nuaian under eondit on* that precluded any op nion s» to its 
pathogenic role (M arren and Scott 1030) It differs from *rn/ten6erg m failing to produce 
H|S and to ferment glycerol and t tartrate 
Sain allow A F I W MX d^^z, 

IsoUteil from tl 0 fveea of a patient suffering from acute gastro enteritis in Denmark 
and later founl repeatedly in simitar cases Described by Kauffmann (lOlOa) The 
d asiigrn iz not ident ca] with that of Salm lyjA but the t, ant gen 11 identical with that 
of £alm Irnlucly Non pathogen 0 to mice by the mouth 
Salm slmsbnryAF I IK \l\ z,, — 

Isolated from normal human f«>cv9 in the United States (Bnincr and Edwards lB43<i) 

OTHER CROUPS 

Silnu tberdeea A.F \I i ^ — v 1 ? 3 

Isolated from a caso of acute gastro-entent s in an infant (Smith 1934) Since found 
m chickens in the United Statea (Mslinuim et al ltM2) 

Salm rublsIswAF XI r ■*—*■« n x 

Isolated from the fsccs of a boy in Scotland who was Buffeniig from ententu (Smith 
and Kauffmann KMO) The r antigen is idcntieal with that of firetew and the e n x 
ant gens with lLc«e of obortua egut Also found in Atnoncan sewage (Bornstem and 
Saphra 1942) 

Salm Pretoria AF \I k ■*—* 12 3 
Salm soft A F XI 5 

Isolated from feces of a normal person Described by Banes (1943) 0 ant gen is 

identical with that of Salm aitfdeen 
Salm pnmpensi* A F XTTT XXII d •*—*■ 2 7 
Salm poona A.F Xlll XXH z •« — ► 1 0 

Isolated &om a case of aente gastro ententia in an infant (Bridges and Scott 1935) 
Salm borbeck AF XlII XXII i ▼ ■«— > 1 6 

Isolated from the f*oe8 of a child saffesing from typhoid fever in Germany (Hohn 
and Herrmann 1940) 
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Salm wortUnflOD AJ*. I, XIH, XX1I7» 1, w . . . 

Isolated &om a young turkey and a chick in llmnceota (Edwards and Bruner 193S}. 
Found also in the United States in human faeces (Borostein and Saphra 1&13, Borman 
etni 1&43) and m the mesentena lymph nodes ofnonnal pigs (Bubia eta/ 1&42) Isolated 
from imported Amencan spray*dned egg m Great Bntain The z antigen is not quite 
identical with that of poona 
Salm wleblts AF I. XIII, XXIII, d . — 

Isolated from thefaicea of infants in Kansas who were suffering from neonatal diarrh^ 
(hlcKinlay 1937), and studied by Bchiff and Stnnas (1939(i) 

Salm habana I, XIII, XXm, f, g . . . — . 

Isolated from cerebrospinal fimd, blood and feces during the course of a hospital 
outbreak of purulent meningitis among new bom babies in Harana , all the infants 
admitted to hospital, 21 in number, died (SchiS and Saphra 1941) Since foimdinimported 
Amencan spray-dned ^g Like all Sidmondla strains containing the g antigen, it is 
moQophaaie The flagellax antigen la not quite identical with that of derby , thae appeen 
to be an extra mmor antigen in both orgoaisma. 

Salm nttealsalppl AS I, Xni, XXIU, b •< — >■ 1, S . . 

Isolated from the fieces of a normal human earner (Edwards and Brener 1913) 
Salm, hetea AS (1), VI, XIV, XXIV . d 1,6.. 

Besenbed by ^oas (1943) 

Salm earreo AJ Tl. XIV, XXIV, y 1, 7 . . . 

iKlated from ths meeentenc lymph node of a normal pig in Uregosy (Hotmseebe, 
Peluffo and Salaaaecdi 193S) Also found in infantile diarrhaa (Bormaeehe, Pduffo 
and Aleppo 1910] It la probable that ths XIV antigen of onderetepoort (tee below) 
consists of two fractions, one of which is specific aud the other common to earrau Hoc 
matcbe, FelufTo and de Pereyra (1941) find that Salmonella strains hanng factor 7 in 
Phase 2 must he divided into two sub-groups , sub group i posse<ses a factor that is locking 
m sub group u Sub group i contains arec&arafWa, oUendorf, fonda, gamtnara, kaapttad 
andpomonn Sub-gronp u contains bredeney carrou, prempeasis, se/andia, pit-e new-bniM 
uacl, nyborg and nadelui 

Salm ondenlepoort AS (1), VI, XTV, XXV, e, (fa)-«— > 1, 6 . . 

Isolated from 2 eheep in South Africa Described by Broning (1936) (For the coo 
BtituhOD of the XtV antigen, sec Salm tarmu ) Is pathogenic to mice inoculated intra 
pentoneaBy 

Salm norlda AJ (I), VI, XIV, XXV, d ■«— *■ 1, 7 . 

Isolated from f»ces of a patient suffering from febnle diazrhcea. Deeoibed by Cherry, 
Edwards and Bruner (1943) The d antigen is not quite identical with that of Salm 
typhx iSo/m Oregon or Salm mueneben. 

Salm madella A.F (I), VT, XIV, XXV, y ■<— »- 1, 7 . . 

Isolated from the liT« of a poult Deacnbed Vr Chw^, Edwards and Bruner (1943). 
The y antigen is identical with that of Salm. hareHly 
Salm sunflsrall A.F (I), VI, XIV, XXV’ ...» <— > e, n, x, z„ . 

Isolated in Scandinavia Re^nsible in England for an outbreak of gastro-ententis. 
Also found m imported Amencaa spray-dfied egg 
Salm horsham AS (I), VI, XIV, XX V . 1, v ■* — ► e, n, x . . . 

Isolated in England from imported epray-feed egg powder Studied by Taylor 
(unpublished) 

Salm hvlttlngtoss AE XVI, b .«— *• e, s, s . . 

Bolated in Norway from the fleces patients who were suffering from aente gastro* 
enteritis following the consumption of soft ehee*e, and from the cheese itself, one patient 
bad a typhoid like disease that lasted for a week (TesdsI 1936, 1933). Also fotmd in 
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/owls in tho Umted States (Malimajm rf oZ 1W2) The 0 anligwj was giren or/grmlJj 
aa Xm Ison pathogomo to mice by the month 
Salm gamlQara A F XVI d •«— > 1 7 

Isolated from a childmUruguayBulFenngfroindy*entcnformroteriti8(Honnaocho and 
Peluffo 1939} Hormaecho and FelufTo who analysed the d antigen of this and other 
salmonollaj give tho following cLatnbotion gnm nam d d, d, Salm stanlfif 

d d, Salm amew/oort d, d, d, Sedm tauncAend d, d* Salm ijphid dj Tho 
non specific phase contama an antigen that has not boon met with m other species of 
iSfll noncUa Pathogenic for rata by the mouth and subcutanooosly if given in largo 
doses and for rabbits intravenoudy and subcutaneonsly Tho non specific phsso u 
said to bo more toxic than the apecifio idiase 
Salm szeclesAF WI fc-e— >1 S 1 

Described bj Baiiss (1943} O antigen appetrs to be tdent cal with that of Salm 
Ay it ngfoM 

Salm klrkea A F XVn b -e-^ 1 2 

Isolated from the stools of an infant in tndia suffering from diarrhma of tho dyscntenc 
type (Bridges and Dunbar I93C) Tho O antigen was given ongmally as XIV 
Salm cerro A F XVm z,j — 

Isolated in 1936 from the pooled meseotenc lymph nodes of normal pigs in Uruguay 
Later isolated from infanta auffenDg from enteritis and sometimes rhuio pi ar>‘ngiti8 
(Hormaeche Peluffo and Aleppo 1941) Pound in imported Amencan spray-dn^ egg 
Shares tho z, antigen with dueuelJor/ and an.^>Rd 
Salm kentuekj A F (Vm) XX i 

Isolated from a chicken in the United States suffering &om entent a (Edwards 1D3S) 
and from pheasants (Edwards 1939) Found also in a human case of gastro entent s 
in the Umted States (Bomste n and Saphra 1942) m a mild case of febr le Inrrhcea 
in Palestine and in camels in Palestine (01 txki 194**} and in imported \roer can 
spray dned egg in Great Cnta n The Palest ne etxaina differed from the Amencan 
lentutlj stra ns m minor fermentative respects 
Salm minnesota AJF XXI XX VT b ■* — *■ e n x 

Isolated from a turkey poult (Edwards and Bruner 103S) (Sec also Kauffmnon 
1939a) Found bi llonnaecbe Peluffoand AIeppo(l040}uiiafantiIediarThceain Unigus} 
Isolated from American spray-dned egg Tho b antigen » not completelj ident cal with 
that of Sail i jximli/phi B 
Salm tel-avlv AF XXVin ye — >e n 

Isolated from a sick cow and from an epidemic d «c«as of chickens accompan ed by 
a 60 per cent ease mortality in roTealine Studied by Kanffmonn (l*^0a) 

Salm pomona A F \XVIII y •* — *■ I T 
Salm ballenip A-F XXIX [\ ij z„ — 

Isolated from tho f-eces of a woman In Denmark who had a history of gastro-enfent s 
lasting for several weeks (Kauffmann and Moller 1940) Somatic antigen contains also 
a small amoimt of tho XIX fraction related to aen/fenierp Salm halltrap forms twu 
types of Colony The relatively stable ^ form which is smooth and opaque contains 
a Vi antigen tho unstable W form which w smooth and translucent docs not The 
\ i antigen is the same as that in Salm tjjitx and Salm paratjphi C and will immun zc 
mico against the % form of Salm typAi (KaufTmann and MoIIcr 1940) S milarlj rabbit 
serum contaimng A i antibodies to Salm btillervp aSotdt passive protection to mieeagaii st 
inoculation with Ijpht (Longfellow and lanppold 1943) Both tl o A and the \V 

forms of Salm ballmip are relatively n«i pathc^nuc to mice by tho mouth and intra 
pentoneally An extra flagellar antigcnZy, weaid to be present (Monteverde and Lriguarda 
1944) 



8AL3t0hELLA 


7« 

Silm hormtMliel A.F XXIX, pill, — 

Isolated from semge at Baesoa Ama aod described bj Montemde anr^ JAignarda 
(l&U) Besembles iSfl/m So/ienijimlbeTanalnli^rfiUllanligen, whiehmaybeprsent 
or absent Contains m addition to the flagellar antigen a,i, but this is subject to 
qoantitatire flactnation. Non pathogeoic for guinea pigs on intrapentoneal inocnlatiOD, 
but large doses inoculated intrapentoneally kiU mice in 34 hours, and the organism can 
be recorered &om the heart blood. 

Salm urbaca AJ XXX, b ► e, n, z . , . 

Isolated in the United States from the colon of a pig dnnjr of bsmonhagic ententw, 
and from the gut of a dead chichen (Edwards and Bnmer 1941a) Found also in patients 
suffering &om enteritis is hlassacfaosetts (Bomsteu and Saphrs 1943) Contains some 
XVZ antigen, which it shares with Untfing/be# The b antigen u incomplete, so that 
absorption with Salm vriana of a seram prepared against St/m {nra/y/Ai B leases a 
considerable part of the b antibody bebuid. Phase 1 probaVilj contains an anticen, as 
yet unidentified, in addition to b Phase 2 contains the r„ antigen , the e, n, x, Zg, 
complex IS shared with aborhL>-bon» and minnegola 
SalSL arizona A.F XX-Vlli. r,. z,, x,t . . 

Isolated in the United States from ccrlam repldee bj Caldwell and RTer^on (193^) 
Studied b;* Kanffmann (see Kauffmann 1911) Resembles Salm dar-e4-«daam m doirlj 
liqneQ^ng gelatin Is pecobar in aometiffles fermenting lactose, thounh not for 2 weeks 
or so Cultures appear to be partly itm^. and the antigenic slTucture is therefore still 
in doubt Appears to be pathogenic for certain rrpules, and is highly patbogeue for 
guinea pigs and rabbits Has smc« been isolated from a woman raffmng from high ferer, 
diatrhsa and romiting (Seligmann, Sapfua and Wassennana 1944) 

Salm. addaide AT XXXr. f, g — 

Isolated from feces during life, and from lircr and rplecs poet mortem, of a 
euffeni^ from ententis in Australia. Described by Atkinson (1943) Delated on at 
least four occasions in England from eases of gaatro-ententis— one of them in a German 
pnsaoer-of war Onginal strain said not to ferment sorbitol, but English strains all 
ferment this ngar 

Salm inremess AT XXXFIII, k-e— ♦•J, 6 

Isolated from a normal food handler in Florida and described by Edwards and Hughes 
(1944) Possesses a somatic antigen not picTiously described The k antigen u the 
same as that in Salm ihompion 

Other organisms containing antigens ot the Salmonella group 

Since Habs and AijOna (193o) described a paracolon bacillus contairung part of one 
of the Salmondla 0 antigens, and Card (1937) aniT Card arxt Eriksson (1939) described 
cohform bactlli contairung SalmimfUa H antigens, sereral workers haTc reported the 
occurrence of O less often of E, antics in paracolon, coliform and Flemer dysentery 
bacilli (Bomstein.Saphn and DanieD 1941. SchiS’.Bometeui and Snphra 1941, Kauffmann 
1941, Saphra and Silberberg 1942. Peluffo, Edwards and Bruner 1942) Tbeee workers 
alone hare met with about 50 strains Some of these strains contain only part of one 
O antigen others contain a complete complement of O antigens anti are imlistinguishable 
from such Salmonella types as onderstepoort, wrlhingtan, or eomrir At one tune only 
H antigens common to the non specific phase of diphaae Balmtmdla types were found , 
but Peluffo, Edwards and Bnmer (1943) hare now met with paracolon baalli containing 
antigens, such as z,, that are present m monopbasic types Pour strains at leart hare 
been described that contam a Vi antigen aj^iaiently identical with that present in Sain 
typAi, Salm faralyphi C, and Salm hdBervp 

The fennentatire behanonr of these eobfom and paracolon bacilli ranes considerably 
Some of them form acid and gas in lactose mtbm 24 hemrs, others not till after seise 
days , some form aad only, and some fail to attack lactose altogether Most of them 
fail to femeni dulatol and tartrates, many attack sucrose or aalicin or both; and a 
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few of them form indole or liquefy gelatin Notu of them has yet been ehown to be 
pafhogemc to mm but there is strong iruon to believe that some are pathogemo to 
aiumals (Edwanla, Cherry and Bruner 1943) 

Of the Flexner dyscnten bacilli, two strains vrere shown by agglutination, absorption, 
and production of antibody testa to contain 0 antigens VI and XIII, and 14 other atnuna 
were agglutinated by sera containing VI and XIII antibodies (Bomstem, Saphra and 
Daniels ISMl) 

Though Kauffmann (1941) has included five tvpes of eoliform and paracolon bacilli 
in bis diagnostic table under the name of SatmomSa 1, 2, 3 4, 5, there seems little 
]a>ttification for regarding these organisms as members of the Salmonella group Our 
present knowledge suggests that Salmondla antigens are by no means uncommon in the 
Baelenum group In our oivn laboratory we have met several such strains , and it may 
well be that, when they are looked for, Iber will bo found to be widely diitnbufwi As 
W6 have already pointed out it is doing violence to the principles of taxonomy to include 
every organism m the SnlmontJla group merely because it contains some antigemc fraction 
that has hitherto been regarded as peculiar to this group The mam interest of these 
orgamsms is that they serve as pitfalls for the unwary , and that unless a proper study 
of the cultural and biochemical behaviour of eveiy stram suspected of being a Salmantlla 
is made, m addition to a serological examination, they sro liable to give n<o to false positive 
results from time to time Admittedly, there are intermediate strains such as those 
desenbed by Hdwanls, Cherry smd Bruner (1943), some of which appear to be pathogenic, 
which are at present very diiBcalt to classify , but it will be wi«c for the moment to 
mautam a conservative attitude, and to include lo the Salrnorulla group only those 
organisms poeseuing the general, as well as the antigenic characters, of accepted members 
of this group 
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CHAPTER 81 


LACTOBACniUS 


DzpiNrnoN — Lact6bae\Qii» 

Bodj oflea long and lender, aometimea pleomorphic. Gram positive ^on 
motile and non aponng Gronth on snrface media poor Some members grow 
best at 40^-44'‘C Usually produce acid from carbohjdrstea, as a rnlo lactic, 
some members form gas in addition Little or no proteolytic activity licet 
members are microaeropbilic and facnltative anaerobes , some members ace stnet 
anaerobes Readily destroyed by beat, but unusually remstant to acid Xot 
knowB to be pstbe^enm to man or animals l^idely distnbnted in fermentm^ 
vegetable and anifwl products 

Type epeoes is Xndobocinua cavconata, Beijeno^ 

Histobt -^Tha first oigatosm o{ this group was isolated Etni m 1681 
{tom the fenneated milk of the Csocasns, known as Kefr The same he gave it 
was Dupora Kovlasxea bat later it was called &et71ur Eauhiaicus, and 
IS now Imown as Ladaiacilltis caveasteua As Kem did sot give a complete 
description of the orgamsm, and as it is impossible to be certain of its identity', 
It IS somewhat unfortunate that it has been adopted as the type species A similar 
bacillus was observed by DSderlem in 1892 in the acid vagi^ secretion of preg 
nant women this is asaally known as Doderlem’s bacillus, but is also known 
as B voffinalts and B craasvs Slender Gram positive baciUi were observed 
microscopically in the stomach contents of patients with gastric caremoma by 
Oppler in 1895, working in the ctuuc of Dr Boas at Berlin , this organism, which 
was not cultivated, is generally known as the Boas Oppler bacQlus In 1900 
hloro (1900a, h) cultivated a aimilar bacillus from the fseces of breast fed infanta , 
this organism he called B aeuiephilus , bis findings were coiofirmed m the same 
year by Finlelstein (1900) Thssier, also in 1900, isolated two new organisms of 
the same group from the faeces of infants, to which he ga^ e the names B Infdta 
and S exdts In 1905 Gngoroff, working in Massol a laboratory, isolated from 
Kusclo-mltko, better known as logfturt, the fermented nulk of Bulgaria, three 
organisms to which he gave the names A, B, and C , the first of these is now known 
as Lactobacillus bu^ancus or Massol a baeiUus Similar baciUi have been found 
by other workers in a number of fermented milks, chiefly the Armenian d/o'un, 
the Sardinian Gioddu, and the Egyptian Leben raib (Cohendy 1906, \7bite and 
Avery 1910) , they have also been isolated bom ordinary market nulk and from 
h uman milk (Moro 1900a Hememann and HeSeran 1909, Sherman and Stark 
1927) Bacilli of this group have been cultivated by Slereshkowsl^ and hia pupils 
(Mereshkowaky 1905, 1906, Petrow 1907) from the laxies of a large series of mverte- 
biates fishes and mammals, by Hemonann and HeSeran (1909) from human 
eabva and gastric ]mce, from soil, and from a number of difierent foods, such as 
760 
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bran, silage, cornmeal, and olive-jaice; by McIntosh, James and Lazarus Barlow 
(1922, 1924) from carious teeth, and by Kendall (1910) from sewage Eggerth 
and Gagnon (1933) and Eggerth (1935) drew attention to the presence in normal 
adult ficces of Gram positive and Gram negative anaerobic bacilli, which they 
described under the generic name of Badermdes There seems little doubt that 
the Granipontnc members are closel} related to the lactobacilh and they will 
therefore be described in this chapter 


Morphology, — The members of Uus group are m general fairly lar^e, non motile, 
non oponng, Oram positive bacilli They are arranged smgly, m pairs end to end, 
m chams, and sometimes m palisades (Fig 151) Some members are markedly 
pleomorphic, especially m old cultures, forming clubbed, knobbed, curled, spiral, 
candle-flame, vacuolated, whorled, and filamentous forms, and frequently showing 
irregular, grannkir, or beaded stammg In some species the bacilli tend to be 
arranged at angles to each other, givnng nse to Y forms, which may simulate tme 
branching Another charactenstic of some members is the formation of lateral 
offshoots or buds, either directly adherent to the parent cell, or connected with it 
by a short stem , these buds may themselres be bifid 


Caltivation, — These bacteria do not as a rale grow well on the nsoal laboratory 
media , their growth is much improved by the addition of whey or glucose Surface 
colonies show a good deal of variation, but on the whole cerdorm to one or other 
of the two types described by Mereshlowsfcy (19C6, 190C) (1) round or navicular, 
pinhead m size, opaque, whitish, and surrounded by an areola of turbid agar , 
(2) round or inegulaily round, less 
than pinhead m size, greyish, trans 

lucent colonies with a finely erose • \ 

edge, and with no areola aroond ^ 

them , micrcHcopically these col ■* V 

omes are of typically rhizoidstruc 
ture Deep colonies in glucose ^ 

agar likewise tend to be cither 
compact, with an entire edge or 
sometimes a single lateral knob 
(Rettger and Horton's (1914) Y 
type), or curled, thizoid, and 
feathery, looking like a tuft of 
hair or moss (Hettger and Horton’s 
X type) Intermediate types of 
colony are not uncommon The 
compact and feathery types of 
colony are referred to by some 
wnters as " smooth ” and " rough ” 
respectively, but smee the par 
ticulax type of colony formed seems to depend largely on environmental con 
ditions, and smee there seems to be bttle relationship between the colonial 
type and any other important charactenstic of the organisms, it is probably 
wiser to refrain from the nse of tenns that have now come to po^ess a wider con 
notation A very characteristic ajqieaiaiice a the turbidity or imlkiness of the 
agar produced in shake plates or tubea , it la a vanable characteristic, however. 


/ 

/ , 


— 


/ 


€ 


Fio 161 — DOderleia’* bacillus 
From an agar culture, -IS boors, 37° C (x 1000) 
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and has bttle oi no differentiating \alue amongst the members of the group 
Growth in gelatm is either poor or absent liquefaction never occurs 

Resistance and Methods of Isolation from Natnral Sources — The organisms are 
not particularly resistant to heat and are generally destroyed hy an exposure to 
60® C for half an hour One o! their most sinking features which gives to them 
the names acidophilic acid resisting or acidunc is their ability to sumre in 
concentrations of acid that usually prove fatal to other non sponng bactena It 
Is this characteristic that is generally made use of in their isolation 

One of the most Bucce&fol methods is to mcubate the matcnal for 1 to 3 days in 
05 per cent acetic ac d broth and subsequentlj to plate on 2 per cenL glucose agar 
McIntosh and his co woikeis (1922) recommend incubating the mstcnal m broth of 
pH 3 5 for 24 hours, then aabcultunog mto * senes of broth tubes varying m pH &om 
3 0 to 4 5 and platmg affer a further 24 bonn Kendall (1010) made three consecatire 
anbcultuTcs m acid broth and plated the last on dextrose agar containing 02 per cent, 
sodium oleate which is aaid to improve the growth. The acid may be added to the 
tabes directlj or the organisms may be seeded into a medium oontamisg a fermentable 
carbohydrate the ac d produced m this medium is usuaDy snffieient to Idll off moat 
other micro-organisms Cnuckshank (l92o) recommends for the isolation of L bijidtu 
mocolating the fxces into a deep tube contauung 20 mL of 1 per cent glucose or lactose 
broth together with a email piece of fiesh sterile rabbit Ijdne^ the Lidney is added to 
picmote anaerobio^is hut does not appear to ho essential the medium u corded with 
a vaseline seal The culture is incubated for about a week at 37® C and then plated 
on to 1 per cent glucose agar or Loeffler a serom which is meubated aerobically and anaero- 
bically After 43 hooia on the anaerob c plate* ^yuh pinhead colonies appear The 
only other organism that is likely to develop under these conditions is tbe enteroeocens, 
which forms larger whituh colonies Another method that may be employed for tbe 
isolation of the acid resistant bactena ts tbe use of VeHlon tubes (VeiUou and Zuber 160S 
Bettger and Chephn IS®!] contamiog 2 per cent glucose agar or whey agar the diSnent 
organisms adapt themselves to the varying oxygen pre*sure m the medium and form 
charactenst o colonies which may be picked off with ease Tbe tomato broth medium 
desenbed by Kulp (19*^) has given very farosrable resulta if the primary cultures are 
plated on tomato agar single colony isolat ons are frequently successful. 

In our expeneoce (Crowley tt al 1941) direct platmg of consecutive dilations on the 
glviMsse Vyr« hVood medium lecommeiided by Eggertb wad Guguoa has pressed 
satisfactory for the isolation of lactobaciUi from freces Lewis Bedell and Bettger (1940) 
have desenbed a glucose cysteine agar medium which likewise seems well suited for 
this purpose The presence of added CO^ is beneficial for growth (Kulp 19‘’G Cnuck 
shank 1934 Lewis a al 1910} 

Metabolism. — ^Most of the memberaare microaerophilic or facultative anaerobes 
For then isolation fairly stnet anaerobic conditions are often though not always 
necessary After a few subcultures many of them can be brought to grow aero 
bically but others remam persistently obligate anaerobes Peroxide is produced 
without or with only very small quantities of catalase This probably accounts 
for the poor v*iab hty of the organisms in media not maintaining a low oxidabon 
redaction potential Gillespie and Rettger (1933) noted a difference between 
different species m the mtensity of their reducing activity Oral lactobaciUi for 
example were found in a part cular medium to reduce the Eh to about — 240 mv 
whereas L acidophlits of intestinal ongm L Irtfidus Doderlems baciUos and 
L bulgancus reduced it to only about — 140 mv According to Chirran Rogers 
and Whittier (1933) the optimum growth temperature is 37*'-40°C the range 
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of prowth «Jth most strains is 25M6*C, but certain strains particulatlj those 
of the aisci tj-pe, nia} grow c%en at 10* C Though some of the earlier workers 
(RodcUa 1*>01) 8Ute<l that an albilitM* was prefirahle to an acid medium later 
workers (Monshita 1929, \\ cks and Rcttger 1931, Xongsworth and ^Jaclnnes 1935) 
La\c found that l>oth growth and acid production occur best in the neighbour 
hood of pH 0-0, the optimal range being about pll 5 4-6 8 Pantothenic acid 
riboflavin and pj-ndonn appear to be important accessory growth factors (Snell 
Strong and Peterson 1939) >o pigment is produced but deep colonies in glucose 
agar often deielop a brownish centre, and the agar it«cU is frequentl) clouded 
Htmolv«m pro<luction is \antble and has not been studied fuU^ ^o toxins 
ore formetl Tbe orgamxms haie \et) little effect on proteins and growth on 
jrotem media without carliohydratea is \er) poor Peterson, Prues.s and Fred 
(1928) hail, found that the) do {lowas some proteoljtic action as judged by the 
quantitatiie estimation of non protein and aniino-scid nitrogen but according 
to Ketidall arid llaner (192tn 6) tbisis %ei) slight , no indole, scatole or histamine 
IS formed 

Od the other hand they arc iciy active in fermenting carboh)dratcs The acid 
pnxluced froiD hetose u jartl) fixed, roosutiog of tevo or dextro rotatory or m 
actne lactic acid, aod partly volatile, coDSiating of fomiic, aeclic, and botync acids 
m the ratio of G 3 1 (Currao, Hogers and \\hitticr 1933) The proportion of 
toJatiJe to fixed aenli ranes wrtli different slraios from about 4 SO per cent 
Aeeonhng to Barker and Haas (lOH) howe%er, the intestinal members of the 
groupdoDot produce tactic acid from lactate but tolatilc fatty acids Thu type 
of butme acid ferment-ition dilTers from others m that no appreciable amount of 
moleeular lirdrogen and tety little CO, ate formed ^fallc acid is said to be 
produced by L odon/ofy'icus in greater quantity than lactic acid (McIntosh el al 
I92(} Gas production is not detectable by the ordinary Durham fermentation 
tube, exeej t with L aaJop^il-aero^es (Torrev and Rahe 1916) which pro 
duces 4-G \o1umes of H, to 1 of CO, Curran, Rogers and Whittier (1933) 
however, hive shown that most strains produce small quantities of gas from 
fermentable carbohydrates The formation of lactic acid from glucose does not 
require the presence of oxygen or lead to the production of CO, Consequciitl) 
CO, IS cot a major product of fermentation with most strains An exception to this 
rule IS fumishft! by L, ycn/oocifrieua, which is able to oxidize lactic to acetic acid 
(Hunt 1933) In this process one molecule of 0, is used and one molecule of GO, 
produced Hence CO, constitutes a more important product of fennentation with 
this organism than with the other members of the group Tbe usual products of 
fermentation, such as akobol, acetone, acetylmetbylcarbiaol, and butylene glycol, 
are not fomed (Bertrand and Dncbaceh 1909) For all practical purposes the 
organtsrns may be considered as of the obbgatory saccbarolytio type 

Biochemical —There is considerable vanatioa m tbe sugars fermented Glucose 
and lactose are fermented by practically all atnims, maltose and sucrose by a high 
proportion mannitol, salicm, and raflhioso by a small proportion while dextim, 
inuliD, dulcitol, and starch arc rarely fenneoted Strains of L 6ifi<fus are said, 
howeter, to ferment innhn (Weiss and Beltgcr 1931) and strains isolated from soil 
and gram arc sail not to ferment lactose (Hunt and Bcttger 1930) Both these 
statementa await confirmation L pentoacetievs, the organism described by Fred, 
Peterson, and Davenport (1919) from silage, »uetlcraut, and manure, la peculiar 
in Its ability to ferment xjlose Accordmg to Wemstem and Rettger (1932), it is 
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further distinguished from most of the other members of the group b/ its failure to 
ferment lactose or to curdle millf. &axcl£haiiL (193^1) says that Doderleia’s bacilloi 
ferments glycogen with the production of lactic acid in a few days, while strains of 
acuiofhdus, odonioli^ticiir, and htfdtts taLe 7—10 da}*! to ferment it , hu^anciii docs 
not ferment it at all It is % ery donbtful whether the reactions of indmdual species 
and Btraina are constant, according to aome authors they arc not (Xlcintosh et cl 
1924, Day and Gibbs 1928) Most, but not all, the members produce acid in milk, 
often in sufficient quantity to precipitate the casein in the fonn of a loose clot, which 
does not contract and express whey , the Ltmua is frequently decolorized, especially 
in the lower part of the tube The rate at which dotting is produced is of some slight 
diSerential significance W hit* and Acery (1910) divided the acid resistant 
organisms obtained from milk into two types , then Type A produced a large 
quantity of lactic acid in mill — 2 7 to 3 7 per cent , their B prodneed a 
smaUei quantity — 1 2 to 1 6 per cent The most actne acid producer is L tui- 
gancus, the least active L btjidut, L ae^phUus occupies an intermediate 
position 

Autigeme Stmetnre — ^The serological reactions of these organisms haie been 
incompletely studied, and so far no satisfactory classification of the group has been 
possible bv agglutination or absorption Generally speaking, the members of a 
single species show a considerable amount of heterogeneity (Kendall and Haner 
19246, Lash and Kaplan 192C, Thomas 1928, Kowitt 1930} McIntosh and his 
CO workers (McIntosh tt al 1924) however, observed a marked group reaction 
between members of the acxicphiltu and a<idopAi/us-odon/ofybcu» ty^s , and 
Cniickshank (1923) and Weiss and Rettger (1931) fonnd a close relationship between 
L b\fid\u and L aaiophilus Thomas (I^) found that D&lerleio’s baciUos had 
some relation to L acvlophilut, but none to X bulganau Working with oral 
strains manr of which had been isolated several months previously, Harrison, 
Zidek and Hemmens (1939) extracted a carbohydratC'Contauung substance from 
laetobacilli and bv means of precipitatmg antisera prepared by the inoculation 
of rabbits with heat killed bacilli were able to divide the strains into four sero- 
logical types and a heterogeneous group 

Pathogenicity — None of the members appears to be pathogenic to man or 
animab It is true that, m fermeotatire diarrhma acid resisting bacteria may be 
present m large numbers in the stools, but whether thev are responsible for initiating 
the diarrhoea, or whether they merely take advantage of the abnormal conditions 
prevailing m the intestine to multiply abundantly, is not clear Their numbers 
increase in the intestme when lactose or dextrin are given in considerable qnan 
titles m the diet (Rettger and Cbeplio 1921, Cannon and MeXease 1923) , and 
because, under these conditions, they tend to replace the proteolytic flora, their 
administration along with the'se sugars has been advocated for therapenbe purpoees. 

There is reason to believe t^t the oral lactobaeilli play 'some part in the 
development of denial ccn« The opimon that this disease is due to the acbon 
of acids formed m the mouth from letamed food was put forward a long time 
ago b} Robertson (1835), Tomes (1873), and others It was not, however, till 
the appearance of JliUer’s (1889) monograph, in which it was maintained that 
laebe acid resulting from the bacterial fermentation of starch and sugar was 
primarily reeponsible for decalcification and solubon of the enamel, that senoas 
suspicion was thrown on the acid forming flora of the mouth Though the strepto- 
cocci have received attenhon from a number of workers, ('ce Snyder 1939), it 
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fecms mow probtblc tbit tbe lactobacilli, on account of thejr greater acid pro- 
duction and tlieir nlility to grow at n low pH, arc implicitcd Kligicr (1915) 
and Snjdcf (1939) iiotetl the mcrci^I numUts of L acidophlu* in the mouths 
of ]>«>plc witli cines McIntosh James and Lamrus Barlow (1022, 1921) isolated 
two lancties of lactohacilii from ritious teeth, winch they named L alonJoliftiats 
I and It In gluco'^e broth cultures these organisms produced a final pll of 2 2 
to 3 { , and it was found that teeth left in the<e cultures gradually became decalci 
CihI, the change being etident m 7 wecLs There is evidence to suggest that 
refined sugar m the diet is a more potent predisposing factor to canes than other 
forms of carbohjilnte, hut the exact mechantmi bj winch it acts is still unknown 
The effect of the nci 1 ls ltm>(e<t. of course, hj the structural integritj and 
I roj>ct calcification of the mainel, which m their turn depend on nutritional factors 
("ce McCollum 1911) 

The njicAtetl inoculation intraaenously of \er) large doses of lactohacilh into 
rabbits IS said to be followei? h> tl o development of joint lesions A mucopuru 
Knt czu late is found m the joints, and cultures can l>o obtained for a week after 
the Ivst inoculation (Ifowitt and van ^^cter 1^30) It is doubtful, however, whether 
the organisms actuallj muUiplj withm the tissues under these conditions 

CtSSSlTlCATlOV 

Classification ts at pn^ent unsatisfactorr, parti) l>ecsuse of some di^crence 
of opinion as to wlich organi<ins aliould be included in the Kaefofjreill group 
an ! jiartl) hv the al<«eii(x of suitable enteru to serv e as a basis of lulKlivnsion 
Tbcrv seems to us good reason for including the Oram positive members of the 
uon sportng anoerolic bacilli t«olst(sl b) Fggerth and Oagnon (1933) from the 
htltnan lutestme in the ZoctoirroiVftff rather than in tho 2i<tcteroi<i<4 group and in 
this we are supportoil bv King and Rettger (1912) ^\^)en wc look for differential 

chafacCcfs for n*e lo clavification we are in serious difficulties Morphological 
and colonial nppenrances v arj con«idcrably, an 1 metabolic properties and ftrmenta 
(ton reactions tend to show continuous os ojijiosed to discontinuous varistion 
so that It 13 difficult to do more than select modal points around which strains 
can be gronpeil Bicthef it it justiSabh to assign specific rank to thevf t}pe 
organisms us doubtful, but j rovided not too man) t)pes are recognuod and pro 
vided jt IS fealiretl that man) of them are tentaljvc convemence alone affords 
a strong plea for their characterization by name 

Tho most senous attempt to cJaasify the lactobaeiJJi is undoubtedly that made 
by Curran, Uogcra, and B hittwr (1933) As the wsult of a very careful stud) , 
pirljcu/arl) of th*‘ir metabofic characlenstics, these workers were abfe to divide 
103 strains of vnined origin into three groups Group A strains produced inactive 
lactic acid, t r , equal quantities of dextro andlsovoacid from whey failed to grow 
above tSMG" C or as low as 20’ C , fcrmcnteil raffinose but not manmtol, and on 
agar plates formeil cither the fuzzy (X) type of colon), or a mixture of fuzzy and 
compact {\ ) t) pea As a rule the) gave nse to more CO, and a la^er proportion 
of volatile to fixeil ocids, and grew in higher concentrations of phenol and mdole 
(sec Kulp 1929), than the members of the second group Group B strains produced 
an excess of dextro lactic acid, grew as high as 43*-50’ C and as low as lO^-lS’ 0 , 
fermented mannitol but not raffinose, and formed either the compact (Y) type of 
colon) , or a mixture of compact and fuzzy (X) types They were less active than 
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Group A strains in the production of volatile acids and CO*, and loMbited by 
relatively dOute solutions of phenol and indole Group C itrums differed from 
Group A m growing at 20® C and m a nnaber of minor particulars Of the 103 
strains. Group A comprised Group B 30, and Group C 35 ^ ilb regard to tbeir 
source of ongin, about three-quarters of the intestinal strains belonged to Group A, 
while over half of the dental strains belonged to Group B Group A probably 
represented the tvpical L actdophUus , Group B probably included L but 
pancus and X cas«, while Group C composed a heterogeneous collection of strains 
whose identity was doubtfiil, and whose classification into one group was largely 
a matter of temporary convenience Lewis and Rettger (1910) suggest a classifi 
cation of the anaerobic members into three groups, B and C — ^which do not, 
of course correspond to the «inuiar3y named groups of Curran, Rogers and TViuttier 
— based on morphology, n^miTnnm growth temperature, resistance to heat, and 
the production of gas from fermentable carliohydrates. 

The identity of L bulganau has often l>een under discussion. Sherman and 
Hodge (1940) etate that it differs from X aaiophilva la the following respects. 
Fteshlv isolated strains of L hu^ncua grow at 50* C , hut are unable to grow 
in serial culture in a simple medium containing 1 per cent, each of lacto«e, peptone 
and yeast extract or in broth of pH 7 8, or in broth coutaining 2 5 per cent sodium 
chloride X aaJophilat, on the other hand, wBl not grow above a temperature 
of 48* C , but wUI grow under the other conditions de»cribed It need hatdiy 
be mentioned that minor physiological differences of this type, however usefril 
in practice, can afford no sstisfaefoiy basis for pennanent cIa«sifieaboa. 

A classification of the gaa-prodocug strains has been suggested by Pedez«en 
(1933) based pnmaeily on atabinose fermentabon, and eecondanly on the fermenta 
tion of lactose, sucro<e and raSnose X hrms (Synonym X. pentoaceftcus , 
S aetJapMJ-ctroffenaj) ferments arabu)o«e, and vanes m its effect on the other 
three <ugats , its growth range is 10* to 45* C , and its optimum SO* to 35* C 
X /mwnti does not fermeut atabinose, but usually ferments'the three other 
sugars Its growth rangeis 15* to50®C,8nditsoptimnmSo® to40* C X &uc^n<n 
(Synonym S urbrnan) usually ferments arabmo*5e, lacto«e, 5ncro«e and rafinose , 
ita growth range is 10® to 43® C , and its opbmum 41® to IS* C X. pastonoaui 
(Synonym X berolinenru) osuaUy ferments atabinose, lactose, sucrose and 
rafBno«e , its optimum temperature for growth is 27® to 32* (X ho satisfactory 
desenpbon however, appears to have 3)«n given of this organism. 

Barker and Haas (1944) find that the Gram poubve, anaerobic, non-sponng 
intestinal bacteria break down lactate with the pioducboo of volatile fatty aads, 
and they therefore suggest that they should be classified in a separate genus, 
Sufynia<^/anutn Further work will clearly be required to find out whether there 
13, m fact, a sharp cleavage m tbeir tvpe of metabohsm among the organisms 
hitherto clasnfied as tactobacilli In the meantime, we may point out the confusion 
that 13 likely to be caus^ by using the terminabon “ bacterium ” for anaerobic 
bacilli , it would be much better to reserve this term for non-sponng aerobic 
tods Much the same cnbcism appbes to the teiminabon “ badllns,” and it is 
unfortunate that the generic name Laclobanll\iS should have been cho‘«n for 
organisms which are mainly anaeroluc or nucroaerophilic It would be better if 
the name could he replaced by one more smtable, such, for instance, as Xodi/omwne 

As has frequently happened with oth» groups, several members have been aecrediled 
wilb Bpecifie nsmES withcmt an adequate description being given of them. XlMeover 
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it •f'cms rrobALlo tliat *orao «jxciM that haTC been colk^ bj difTitent namw are in reality 
iiienticaL It acems likely that DOderlcm’a baciUua, for example, is the imma as L aeido 
fAiius (ITnnemann and Ixker 191G, Thomas 1D28), and for lliat reason v.o have not given 
a aeparato description of It. BmiUatly, aeeonling to Selilitf (1920) Coadby’s D neero 
JrMn is identical with L. acf!<^Sas It b doubtful wlietlier the Boas Opplcr bacillus 
Is a separate species ; It may quite srcB be identical with, or a variety of, L andophlu) 
(Ilememann and Fcker 1910) /, &ul<;!incHS is quite possibly tiic same as the tyTio species 

L mumstcas, of wluch no adequate de«cnpUon has ever been given (WTiItc and Avery 
1910) Cniickahsnk (1923) sug}!eets that L exiUs ii the aerobic pliase of L lijtdiu , 
but from Ussier a (1900) onginal dcaenption this seems doubtful Weiss and Rcttgcr 
(1931) were unable to ileteet any greater dtirctrneo betwren stmias of L btjidiis and 
L. atviojJtiliii than existed between the individual strains themselves, and they weuld 
therefore regard Z. bi/ius aa a vanant of tlio spectea of which Z ncKiepAiIus is the central 
tipe Tbe organisms described by McIntosh and his colleagues as L aiontot jiicus I and 
II have received corwderable study. Monshita (1929), Ilosihurv, Linton and Buch 
lindrr (1029), llomtt (1030), and Hadley, Bunting, and Dches (1930) have faded to 
find any clear distinction between oral and iatestinai strains of L a6\do!di\lua Curran 
Uogers and Whittier (1933), on the other hand, conclude that the lactobacilh in canous 
teeth do not all belong to one species anil an> not usually of the ae\doph\lu$ type Gdlcspio 
and Kettp'f (1938) also have noted diflerenccs between the oral and the intratmal strains 
of Ucto\>acilh For this reason we ahaQ drambe the cn/on/elyfim strains separately 
from i. pcvfepXilus 

A number of lactic acid forming bacilli were isolated from cheese by von 
Freudenreieh and HiSni (1003), and named IhcHlxu cetsn by Orla Jensen 
(lOOi) These organisms lave not been fully desenbed, and «o do not propose 
lo deal with them further here They are freguently found m milk (Sherman 
and Stark 1927) Another organism, described b) l’«lct«ori (193G) as AactoiociHt/s 
jdantanm, m mdely dtstnboted ui fermenting plant and animal products The 
dilTirenttation of this organism from l/ict<AnerU\is com « not \ery clear 

IVTth reganj to the noraencLtturc of this group, the term “ acid resisting « 
frequently employed, and, though correct, it is open to tho objection that it may 
cause confusion with the acid fast b-tcilli TTie term *' acidophilic ’ is justifiable, 
but IS unfortunately a hybnd Probably Kendalls (IDIO) term ' acidunc ' (able 
to endure acid), winch has the advantages of not being a hybrid, of not being 
hyphenated, and of l>eing technically correct, i-s the best one to employ 

Workers studying this group may consult the annotated bibliography on L ac\do 
philm &nv:a up by Frost and Hanlcinson (1931) Those interested in the chemical 
coastitution of this o^amsm ore refcrrwl lo a senes of papers by Crowder and 
Anderson (1932. 1931«, b) 

H htls cmph&fiting again the inspawlubly of chssiSyjJig these organisms satis 
factonly at present, we give a diflcrential table of some of the main species, 
pointing out, however, that it is lo be ««ed only as a very rough indication of the 
characteristics ol these organisms, Table 49, p 758 

LactobadHos acidophilus 

.yyswyiiM— ProhaWy identical with IMderlems bocillu*, which is eometimes called B 
ra^tnoJi* or B erusrus 

ItdnUon — laoLitwl by ^loro (19006) in 1900 from the ficecs of breast fed infants 
llahxM —Found in milk , the f®ce* of bottle-fed infants, and often of adults . the fsces 
of neitrty all mammalia, and of many fish and invertebrates , in sahva and 
canous teeth. 




Oroups A nnl It rrrpr to Cirnm Rogir* nn 1 UIhUkt* dumifl niton 

L ii igitricus i( generally »tnt hI not to grow at 20* C but It •• nwrtJwl wlnclated Ijr Currvo, Roger* nnj \\ hit (nr (1033) in their Oroup B 
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Morphology — In fasces it is a large 
stumpy bacillus of ranaUe 
length and fairly constant 
breadUi, generally straight, 
with parallel sides and rounded 
ends On agar plate cultures, 
after 48 hours at 37“ G , it forms 
fairly thick rods, 1-3/tIong by 
1 0 p broad, straightorslightly 
curved, with parallel sides and 
rounded or shghtly truncated 
ends , arranged singly, in pairs 
end toend, in short chains, 
and in pahsadea On glucose 
agar longer chains and filarnent- 
oua forms are common. In 
broth and litmus tnillc cultures 
the bacilli are thinner, 0 6-0 8 /i 
broad. Considorable vanatton Fio 152 ~-Laelobacillv« aeidopfului 

in morphology on artificial From an ag«r culture, 4S hours, 37“ C (x lOOO) 
media , forma with, markedly 

curved extrcmitiea, curled forms, forms with bulbous estremities, clubbed forms, 
filamentous forms, and Urge swollen oval forms in pairs are not uncomaon, 
ITiider anaerobic conditions long curved filamentous forms, often with pointed, 
swollen, or spatuUte ends are seen Non motile Gram positive Staining ii 
uniform in young cultures, but irregularly stained, bipolar stained, and beaded 
forms are met with in old cultures Non acid fast 



Fro 153 — L^eiobaciUuf oado Fio 154 — LaelobaciUut aetdo- 

philuf philus 

Surface colony on agar, 4 days Surface colony on agar, 4 days, 

37“ C. showing differenlialion 37“ C (X 8) 

(X 8) 

Agar Plates — Great vanabihty in colonial appearance After 48 hours at 37“ C ono of 
the commonest is a small, irregularly round, raised, colourless, transparent colony, 
about 0 6 Trim m diameter, of coars^ frosted glass structure, with a dull uneven 
relief map-like surface and a fimbriate or curled edge , later, differentiation ocenrs 
into a thicker darker centre, and a thinner periphery consisting of dchcately curled 
and branched hair like streamew— not unlike a exiloDy of Cl tetanu Other forms 
are feathery colomes, roaette-hke cdlmues, smooth colomea with entire or slightly 
fimbriate edges, and opaijus stnafed c olo n i es. 
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AyirShpt.—^h'/vrt ZT’C Poor S..&TO pti rth cl TT-Ati to s? ;a?*cA grasrSt? tc^cas, 
025 to 05 rn-rrt. m daiaeicT Soattuats after a le» dir* a ihxi pryttlt-T^Sra 
Bwoadarr gjv a l b o oc uj r. fcatus a ecelcsr**3 grrf*^, a^ aa edre fn/si aiati 
thro tianslo'^t tratyfcisg lefts, iaoiaag Lie te»-^seacaeSf pri^sd. 

2 fKT text GlxeoK Ajtt £isi«. — »> lewre, S~* C Good giaali tlroc^biwl taV cJ tssll, 
tpi^ncal, fesinniUr, or ptbsUted acteva, O-IO gia. la durse^e^ laTsss aa rs^ 
*d;e fi trj^), tr o' my ** a3 ar fji^aial cofaafa «i a fimj 
larder (X tjj^). Ho a^ u tien^fd aai has aa aSryat Ixi:- 2fter a 
•awi IV eolcoKs are 05 gm, ja dagarter. ai* pcrselMs-alrie a eciscr. asd kri 
Lie ookeuea cT xacniia. 

GdabnS^* — “iajt 22®C Vey poor g- ’^r^A-etrie filters gro rlL. fiofarfiwgrvali, 
DO bgaelactioa. 

BrtA . — 45 Aow«, S~* C Poor to taodtrate growth with a xe^ eSfcil, edr jar* per'ejtT'aS 
tarfnditT aed a gaoderate ficocnWgrastlar depwat dicrle^tas io p^» erte* 
oa thalaag, ioaetuaes tig d'po*^ e*>ria to Ibe walk d the tsbe. 

2 Claeoee Growth 15 L^ler than la yjaaj leoth. Sgset.fses after a 

aa enomoos loose fioeetjest deport Iona*. fEcg Ite lowe#* 1 ca. cf ti* tshe, 
it dlsznl^ntcs psnlr cs thaii^ prAasrig a dease ttsio£tr 

Potato — -\o growth. 

Bort* Etooi Ay^ Pldtt . — 15 JLozr/ S~* C £s=a3 dwiete eolosaea, earilir to those m 
azar \o hjegtahaia, 

CnveoeeJStedLinr 45iom,37*G Plat.daMTeci'soeawTtbaserTa.ededrt 

JfaeCoaley PtsUf^Betalta dsiavp$et. Craisizhaai. (1931) aart tha all cteic» i^ow 
oa thu n ec Lua . tha haa oot I«ks our o*Tt ei^tfueoft . 

Se*%4nu . — Vet partmlsttr fertfarl, EiSed hr aas* Lst at C a SO assies. 
Yeiy resstast to Imcg for 1 to 3 dart ta leeth eoeUg-’ag 05-10 per eeih 
aoetic or Iae*w aod. Gloeoae broth ct l ' tiw at C rtnan TtaUe te aboo* a 

Jfdo!<iam,.—0*Uo cueroaercphlCe on £rrt isclatx^ Crows letter cader ae*«la£ tlaa 
aoaercbv' ox>litx>s5. GrowscL^tlro'DotataSBtSO'C.* c^^csos tsrpoatsr* 
for growth 37* C- Ftwes tn p aaa^ t aad x» I>oea ust lets lose tnooL 

Growth 15 inprored hr glnoose aad br w-her, h-* oo* hr ilood Crowe 

beet at pH OO bo* wiD po r eren at pH 50. 

Btc-^emteaL — Sogir reaetKos lanabk. I^oioces aod a ^.>eos$ and as Isebas , eftea 
va or.altcije sad easosp , waetisea la nacstol, ssA tsEatae , loft te- 

qo'sth’ la other ngan. I>.SL aod and clot is 2l to 45 boss , th* clci u reaSr 
as aod prmpUa te, and does cot costracl , aa I* tweala vp do focenlpgt 

masses . the htssos u at £r>t redoeod at the hottoa el the tahe calr, lot Hter 
tig deeolsTrrzatjoa ejseads upwards. Isdc^ oegstiTe. Hi— postjre, V.P segs- 
trre. Vitrates redseed (hzhtlf or not at bH Ca^alsie- rerr vsah pKtire. H^S 
ns^tire. \Hj negatire. 

Anltyertie Stru^re . — Vot atndgd fnOy n*i n^ ir. - ^ vrmjm ra^i t- 

oat, htvsBg IstUs aSss^ vrih ea^ other Borne gtvsp -^ticdhrp to bt€ifsa. 

PaiAoy^ieity — Vos>pathc<gesic to or to lahciatey aszssh. 

Lactohednss odoniol jijna I 

tidolvrs . — Isolated by Hclcto^ James, and lararas-Bailow is 1^22 Iroa cancos teeth 
and from eahra, and called B eadojASsS eierslcJytiCSf / 

BcrfJiiJoyy — ThTn bsoDas, 3-3 jt locg hr O-TS /i b*c«d, eeoanng eaglr, ta pairs, 
C7 eVaiiTK, sxd IS jaSasdes. Ntm-oedSe^ Gram-peaiiiTO. 

Ayir PiaUe. — IS Aoirre S~‘C SiaaS, roBsd, greriih, ojaqn* ecdoaies, Ch&-JO mm- m 
diameter with a findr grasslar appearasee and aa estire «dr» Oa eeras asar 
the colomea are larger op to S mra. la diameter. 
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Qtlatxn Stab — Orowi to the bottom, bi}arfoctioo. 

Gtlalin Agnr Shake . — Deep colonies arc nni^j biconrez or tsm-o’-shanterfhaped. 
Bn(h — Dm/orm turbidity, sometimes the growth settles to the bottom 
RetMlanet . — Not particularly resistant Killed 56* C. in 23 minutes, and bv 2 per 
cent phenol in 7J minutes. Highly nsistant to acids , will withstand incubation 
for 24 hours at 37® C. in broth of pH 35 No growth above pH O-I-O 0. 
SIitaMum . — Aerobe and facultative anaerobe. 

Biochemical — Su^r reactions vanable Usually prodacca acid in glucoec, maltose, aalicin 
and lactose, but not in sucrose, deztnn. dulcitol. or nfSnosc. L.SL acid and clot 
in 2 to 3 days a lower | of tube decolorized. Indole negative. Final pH m glucose 
broth cultures is about pH 2 75 Chief acid formed is mahe acid , lactic acid is 
formed in only a very small amount. Methyl ted positive. Voges-Proskauer 
negative. Nitrates not reduced. Catalase rery sbght {wsitiva NH, negative 
Antigenic iStrocture — Appears to be fairly horoogencous, and to be closely related to L 
odcmldjtieut It, and to Z andophUut 

Palhogenmiy — Suspected of being reeponsible for production of dental canes. Non- 
pathogenic to laboratory animaU. 

L&ctobaeiUos odoatolyUcu n 

eolation ...-laolated by McIntosh, James, and lAzanis Barlow in ID22 from eanoiu teeth 
and from aahva, and called B aetAophtlite odonlolgticve It 
iforpholog^—^Raitbit short bacillus, I 2 /j long by 0 5/< broad, usually arranged m short 
chains. Often very pleomotphic, eoccal forms Icing mixed with bacillary forms 
in the ssme chain , may closely resemble a streptococcus Non motile Gram 
positive 

Cultural Reactions ^Similar to odontofylicus / 

Seeulanee and AlelaMum — Sumiar to odontol^icve 1 

£ioeli<mie<i2»\anabIe sugar reactions. 7 out of 18 strains produced acid m glucose, 
lactose, and sucrose. L.M. Some strains produce acid and clot, others have no 
action on it Indole negative. 

dnli^otic Structure.— Closely allied to odontofyficus / and to Z aeidojihilue 
Palhoffenteily ^Libe oJonfolylicu* I 

LactohadUos hrevu 

Synoflyms — Probably Z. penfoacrticus , B anJophil-oerogmiee 

fedation , — By Torrey and Ftahs m 1816 from the faxes of human beings sheep and bens 
Habitat —Common in fermenting plant and animal products 

If orpAc^oyy — Variable morphology Size given by some authors as 1 5-11 5 /< long bv 
0-8 n broad, and by others as 1-4 /« long by <FC-0 8 fi broad often arranged 
in long curved strings Non motile (Tram positive Stain umthrm/y wrtA 
Loofilers methylene blue 

Culliirnl Beachont-~Oa gluco«c olcate agar it farms either (I) small, round or nsvicular, 
opaque, whitish colonies surrounded by an artola ot turbid agar or (2) tiny, 
round, translucent, greyish colcniea with a finely erose edge, on rrueroecopie 
enmination these appear typcally rhuoid. In glucose broth a growth forms 
adherent to the bottom and sides of the tube . on shabng this gives nso to a dense 
turbidity 

Resistance. — Highly reeislant to acids , wiU rctaam alive In a glucose broth culture at 
37® C. for 1 week. 

blelabctiem — Jlicroseropbilic Flange of growth 10*-45* C. , cptimum tempeTstufe 
30®-35 'C 
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StocherntcaL — IVodaoes aod *nd g&s m ^nocse. malUwe, arabmcee sad irksee . fers^nu 
boa Tunable of lactose, mcrmc, manaose, rafioi^s aad manmicL 
Tbe gas nlio is 4H j_/lCO* or UU. groira pwriv or not at aQ , soas 

sttaiES produce partial clotting in S to 3 wreka. 

AHiy^ic ^frifrfurf — Appears to be more bomoccceous than the nra-gas-fornung grcmp. 



LaetobactHas bi5das I 
— Isolated bTTi«si«rin Iftn 
{rom the f*«s cl breast led 
mianta. 

Uchxtai , — Comanjo lO the Lewi of 
breast fed and much le^ coeu. 
mon in tbooe of bottle-fed la* 
tant<. Soinetiinesprr®«itm the 
faces of adclia and cf amsuU. 
In breast fed infants duns'” tbe 
first fea- vreks of Me it mac 
form 'W per cest. of the fxcal 


N 

V 


Fia laS b^i%s 

PlomaglQCCseagarcalttiie 7dar*,3-’CX(X 1(*X>) 


don. 

ilnrfJicltyy—Ili fscce it is a d^cat” 
beuaUus, about 4/1 locg and O’lp 
broad, with iapensg potsted 
reds, axraimd IS pans eod4o- 
end,with tbeiiir*aleDds pointed 
and the proximal ends rvoDea , 
tbcTgenerallT be janQcl toooe 
another nrelr intertmoed. TToorthie«t*cilbc>fteorsd.steboBat2zi5)eposAt 
fonmngaY-^bapedttnictm sunulatingbrsoching:, dubhed forms and forms end 
mg in knobs are not tmeommoo. Often anacred is 
palisadre or C3uoc<« letters. General appearssec 
u not itnbLe a diphtheroid bacilhia. In Toong cul 
tores bscilh with slightlr pointed ends of Tarvmg 
length, amsged emslj or in pairs md-to-esd, arc 
nsrmL InoWercnltnrcslor^erchibbedfoTOS.gcnicU' 
late (onss, bifid forms showing false branchmg, forms 
aidmg in knobs, forms with lateral bods. Madder 
fonm., caDdle>-flame forms, and Glamentons forms 
may appear Both in tsves and m enltore there is 
a striking pleomorphism. The alienee of cham 
formation is noteworthy Non-motile In yotam 
cultures staimng Is faidynsifarm bntinoldAcnltQrrs 

aad m faces m^nUr, granular, and beaded staining colcnHs on glotcee 

are common. Gram-poatiye in jwn^ cultures, agar 6 dajs. 3" C. 
later Gram-negatire forms appear Non-acid-fast. (X 

Ajar Rate. — No gtcwUi. 

Gtieose Apar Plate. — tn femre 37® C Small round low conrex eolotucs O-o ram, m dame- 
ter showing und« the miooscope a ddicately granular structure a brownish opaque 
centre, a thmncr translucent penpbeiy and a findj- ermated edge (Fin. l'‘6j. 

Glueote A^r Shate Tales — 3 ciuy* 37® C SmaD, grej-ish-bTOWn. lenticular or OTCad 
colonies, 1 2 mm. m diamel^ rxtadmg up to wilbm about 3 cm. of the mrface, 
where they may form a rmg. At first tfa edge of the colony u eitire, but 
after 4 or 5 days a lateral projection or bud often derelops from on# of the 
faces. 
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Oe/a/m Shoit — If incubated at 37* C. for 24 hours and then left at room temperature 
for some dajs fine discrete cofoniea appear, no bquetactioa 
Brvth — 24 hourt 37® C Granular tnrbiditj 

CUiifo^r Bnth . — 24 ftoura, 37® C ilore abumlant groath , in 3 or 4 daja the orgamsms 
fall to the bottom of the tubev producing an abundant loose flocculo-granular 
deposit, easily disintegrated on shahing 
Blood lyor — ttliito colonies surrounded by a grvemsfi halo of a hsemolysis 
Glucose Blood Lirer Agar P/alis — 4S Aoors 37* 0 liaised globular opague colonies 
1 3 rom in d^^^Qcte^ buff to reddish brown in colour 
fiMK/unre.— Cultures lire for about a month at room temperature Broth cultures are 
killetl by heat at 65® C. m half an hour, and at "0® C. in 6 minutes Is resistant 
toacids, nnllwithstandOS l-Opercent aceCicorlscticac dmbroth for2 toSdays 
— Stnet anaeroheon flrstisolalion, laleritma} bogrownmair \eryshght 
or no growth nt 20* C , optimum temperature 37* C No pigment or toxin formed 
a hrcmol^-sw on blood agar Growth improecd by glucose scrum and blood 
BiorAmifflJ — Sugar reactions xanablc rrvducca and in gluctwe manncee maltose 
iRidin and gincrally in lactose eocrose sal cm and rafEnose sooietimes in 
mannitol and dcxtnn, occaaiou'dly in dnlcitol, not in arabinosc xjlceo or 
melezitoec IVotluces mainly lactic aad, of tho inaetiTO xanety, and some aeetic 
acid L.M grows well and produoca an aad dot Indole negative Methyl red 
poBitive ^ ogw rrwkauef negative Nitrates very si ght reduction or none at 
all CaUlvc Terr abght posjtiro. KH, shght production or none at all 
fnli^enic Slrvclirt — Not fully worked out By agglutmation they appear to fall into 
more than one group Soiho telationahip to L eeihphjn 
PaOiogmaty —Non pathogenic to man and laboratory animals 

LaefobsetOas bifidos n 

Sr^osrws Daetmides bijldtu (Eggerfh Croup IT J&35), Daelmum bi^dunt (Orh 

Jensen ai'O OrU*JenscQ ti ^ 103C) 

BifTen from B bijidus I mamly in tbe following characters It is found in the intestine 
of the adult living on a mixed diet in which it may form quite a high proportion of the 
total flora It branches more readily and contmocs to branch on subculture It is 
an obligate anaerobe and rareJv' l»eoomo» accustomed to aerobic conditions Deep 
colonics m tomato agar have an entire not a fUnmentous edge (Meisa ond Kettger 1033) 
Sfannoeo is not usually fcrraonlcd but most strains ferment arabmose xylose and mefen 
tose It produces lactic acid of the deitro voncly and about 50 per cent of acetic aad 
It appears to bo antigciucally more stnun-epcciGc 

liSctobaciUas bnlgailcns 

Synoayw — ^Massola baciUias. Probably identical with L eaacaswu* 

/solution —Isolated by GngorofI in 1005 from kissclo-mieko the fermented milk of BuJ 
gana , desenhed originally as Bacillus A. 

Habitat — Found in nuUc particularly the fermented milks of Bulgaria Turkey Egypt 
and Sardinia. 

Jforphofoffy —Large rods 2 20 p Jong and about I brond with parallel sides and shghtly 
rounded ends , arranged singly or m short chains. Non motde Gram positive 
Two morphological types are desenbed by IVhite and Avery (lOlO) in whey Type 
A consists of chains of short baalli with oval or rcmfbnu nodules extruding from 
the cell substance , the baedh stammufonnly , Type B forms long bacilli arranged 
singly having sphenoal bodies attached to the cell wall not stemmed nodules as 
in A , the bacilli show intense granular staining with Loeffler s methylene blue 
or Neissers stain. 
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AfOf Plait . — \o groirtlL 

lOfy Afar Plait . — ^Usnal frvpe of cokmj ts ure^nlulr rmad, grayish 0-S-l 5 wm. 
ut di&iaet«r, of loose eorled etrsetim «itli a ftnatsicg filunesioos edro . ir.no- 
ecopcally these eolojaes are tTpeaUy Htuoid. Senneticies, espeoallj m oli kbcn- 
tory cni tme s, s roimder more regiiUr eolonr ts fona-d, with » £ii»oth o' 

Esstmd enface and aa entire edro. 

ITAfy Afor Sltale Tahcs . — Deep colomes are leatieslar or mablLeated, w-hjti.h isooloar, 
and I ism. is iLameter 

Whey Afar Slab — IHifonn growth, beaded, lato with hmzontal iam.£catioas , eo 
eoxface growth, medium u doaded. 

Gtlaiin — Not iKpicSed. 

£ per eertL tHuftW* £rott.— Heaey Tsuform tnrfnditT 
Petoto.— No grow t h. 

lUeittcJiee . — ^KiQed by moist heat at CO‘‘C u I bonr D wary resistast to aads , gboeae 
broth cnltarea at 37* C remam Tiatde iar about 6 daj^ 
i/eiahdim.— TandtatiTe anaerobe , u said br aosie ac^hore to prds’ asanobic ooa- 
ditjona. No growth at IS* C. growi oesy shgh a» Qa’ CL , growth is pMT 
under 33* C. , opbmnm lejaperatare fcm growth u 44 - 45 * C , nroaSr grows at 
SO®C. No pigment, tons, or hsoolyEm focned. D resftast to aads, bnt grows 
best in a Doctial or sliAtly «tViit nr rrM-diom. DiScah to caltsrate , growth m 
most media is feeble, and when feeabJy isolated it w2] grow osly co nssdJ eco- 
Ummr wber or malt, or m raDt. 

BteeAemKoI — Sogar reaetians described dideresUv by d.rerest asthon. It geaerallr 
eonsdend to proditee sod is gliKose, lactose^ aij tomatimea berclcse trt set 
u rnaltoas, cnerose, mascitol, or rafioosb loetie aod u the chief usd formed 
from fertnestaUe caibohTdntea. l*hL aod and ecafslstsco alt Loss at 37* C. 
the dot does not c on tract. Indole segstircw White and d^ays Type A o aZl; 
piodnces 2 ~-3 T per cect. of Uetie aol of the maetire Tuse*y , Tr^ B prod w e a 
only l-^ 1-6 per coot, of lactic aod, of the Iwro-roUtcry ranetr 
Anltftnte Stnetm ^ — Nothing knowir 
Pat^o^teity—Noa-pathogenK to man and 

CtlgoroS'S Sa^a C. — ^Isolated from LjssSo-cil&ko^ fhr lome^ed mHh ^ BJrana 
bT GngoroS in l^iOo. D a smeptobacOla focmig sh<z* rods aswnred a cha.~ns cf iva 
to tweatr menibsa. Gram postire. ^ilttsallr rt r e sem blea L. t^tlfsrtru, bat j more 
heat raistant. leqmnsg ao eapubore rf 1 hocr at 70* CL to HD it. Frodacesacsda^sfoee 
bendoee, Isetcee, smaoee. and ^ycct d . bnt ntA in msl<ose, mssshoh or dAstcd. Pro- 
doces and and clot in milt, the acod bang isaotire lactic aaiL 

Laetcbacillss cxnu. — Isolated br Tissio' m 1^0 from the fscae c* cLDdrea cei m~^ 
or mixed diets. It is a thin, strairbt, skader bscillas, amnred amrir, is pairs, or in 
fhsins of four or fire dementi oon-pkccrorphic. “Non mot3ft. Gram pseterB. On 
agar plates it fcsms reiy tinr blmsh colonjes with tartare ed-es in 4S horns, no Ingrre 
than the pomt td a needle. On ^scose acar ther mar reach f>-5 mm, in diameter Is 
troth there is a sli M filamailoM depost w-thOBt tCxbiditT *\o growth m geJatm. 
la deep gSaco^ agar smaQ. oral, TEgnlax cdcciss with retire edris are feemed tLiw-yhy-t 
thetube. C&ltnresdieontmlOtolodsiw. Grows at ^ Q, bet better at 3“* CL Grows 
both aeTotacahr ani asascdiically hOhtsooagolatedmStolQdars thre^Bmr'tcao- 
taon of the dot. Non pathorem- for mice. D:5«3 from L. is being tSesids 

and eonrtant m motpheJo^ m fonsiac resnlas e f^nm.pa m a-sr shake on. 'ses, 
and in bemg lea resistant to aod. Osach^ianh flSSa) reemds L. arun as pcobil^f th* 
aerobic phase of L. htjidat. 

The Boas-Oppler BacDliB. — Obserred dscscopKaSr m tb» stcmach ccnleiiia cf 
patigita with gastne caretag^ bv O p|3 er p 183a. auAii a ta Boas dime mSgCs. H* 
did pot sneered mc ul ti va tingrt. Ia«tre:»dierotest3itoeeiiisasarstberdsai«s-ltae£IJns, 
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arranged in long threads and aigrags , tiio bacilli may be ao numerous as to fill every 
space between the other elements m the field Has since been isolated by Heinemann 
and Ecker (lOlC) from the stomach contoits of patients with gastritis, gastric nicer, car 
cinoraa, and pernicious anamia It prabaUy occurs in moderate numbers in normal 
gastric juice. In culture the organism u a large, rather slander bacillus, showing granular 
staining Gram positive Forma compact colotues as a rule, but colonies with woolly 
edges hare been desenbod Docs not /Lnnent maltose ftoduecs acid in imJtr Xa of 
the low acid prodoemg type — ^\^uto and Avety'a l^pe B 
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Agar P/a/e.— No growth. 

TTRfi/ Agar Plait. — ^U*ual type oi colony » itiegoUrly round, gteyrst white, 0 5-1 5 mm. 
m diameter, of loose curled stractiire mth a atreamuig filamentous edge , micro* 
scopically these colonies are typically rhuoid. Sometimes, specially m old labora 
tory cultures, a rounder, more regular colony is formed, with a amootb or slightly 
fissured surface aud an entire edge. 

ir^ey Agar Shake Tubes — Deep colonies are lenticular or umbihcated, whitish mcolour, 
and 1 mm. m diameter 

Whey Agar Slah — !Filiform growth, beaded, later with honrontal ramifications , no 
surface growth , medium la clouded. 

Gelahn — Not hquefied. 

2 per cent dueose Broth , — Heavy uniform turbidity 
Potato — No growth. 

Itesxstance . — Killed by moist heat at 60‘ C lo 1 hour Is very resistant to acids , glncoee 
broth eultorea at 37° C. remain viable for about 6 days. 

Mttaholxsm . — Facultative anaerobe , is said by some authors to prefer anaeiobic con 
ditiona. No growth at 15° C. , grows very slightly at 2a° C. , growth is poor 
under 35° G , optimum temperature for growth is 44*45° C, usually grows at 
50° C No pigment, rrinn, of tuemolysm formed. Is resistant to acids, but grows 
best m a neutral or shghtly mcdiom Drfficnlt to cultivate , growth m 

most media is feeble, and when freshly isolated it will grow only on media con- 
tainu^ whey or malt, or m mQk 

SioeAemtcal —Sugar reaetieos described diffeientiy by difTercnt anthon. Is generally 
considered to produce acid m glucose, lactose, and sometimes Issvulose, but not 
in maltose, sucrose, mannitol, or nffioose Lactic acid is the chief acid formed 
from fermentable carbohydratee. LM.acid and coagulation in 13 hours at 87° C. , 
the clot does not contract Indole negative. White and Avery il^pe A m milk 
produces 2 7-3 7 per cent, of lactio acid of the inactive vanety , 7^ B produces 
only 12 16 per cent of lactic acid, of the hevo-rolatory vanety 
Antigtme iSlrvc/ure— Nothing knowo. 

PotAogentcity— Non patbogemo to man and aninuUa. 

GrIgoroQ’s BacUlas C — Isolated from bss^io-ml^ko, the fennented milk of Bulgana 
by Gngorofi m I'Klo Is a streptobacillus fuming abort rods siranged in ebaim of four 
to twenty members Gram positive Cnltarally it resembles L, bulgariCus, but is more 
heat resistant requiring an exposure of 1 hour at 70* C. to kill it Produces acid in glucose 
I»valose, lactose, sucrose and glycerol but uot in maltose mannitol, or dulcitoL Pro- 
duces acid and clot lo milk, the acid beiog inactive lactic acid. 

Lactobacillus exUls — ^Isolated by Tissier in 1900 from the fsccs of children on milk 
or mixed diets It is a thm straight, slender baciUos, arranged smgly, in pairs, or m 
chains of four or five elements . non pleomorphic. Non motile. Gram positive. On 
agar plates it forms very tiny bloisli colonies with entire edges in 48 boors, no bigger 
than the pomt of a needle On glucose agar they may reach 0-5 mm m diameter In 
broth there is a slight filamentons deposit without turbidity No growth m gelatin. 
In deep glucose agu small oval regular colomes with entire edges are formed throughout 
thetube Cnlturesdieontm 10 to Ifidays. GrowaatSO'C., butbettcrat37°C. Grows 
both aerobically and anaerobically Milk is coagulated in 8 to ID days , there is no retrac 
tion of the dot Non pathogenic lor mice IhSers from h. ae%daih{lus in hemg dender 
and constant in morphology, m foinung small regnlar colomea in agar shake cnltores, 
and m being less resistant to acid Cmicksbank (1935) thirds L extlis as probably the 
aerobic phase of L b\fidus 

The Boas-Oppler Bacillus —Observed inicroaGopicaUy in the stomach contents of 
patients with gastric carcinoma by Oiqiler m 189a working m Boas ckmc in Berlin. Be 
did not succeed in cultivating it. In stomach contents it occurs as a rather slender bacillos 
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arranged m long threads and zigzags , the baalb may be ao Dumerous as to fill eyery 
apace between the other elements m the field Has since been isolated by Heinemann 
and Fcker (lOlfl) from the stomach contents of patients with gastritis, gastric nicer, car 
cinoma, and pernicious anicraia It probably occurs in moderate numbers in normal 
gastno jmee In culture the organism is a large, rather slider bacillus, ahowing granular 
staining Gram positire Forms compact colooiea as a rule, but colonies with woolly 
edges have been described Docs not fmuent maltose Produces acid in milk Is of 
the low acid producing typo— ^Vhite and Aveiy’a Typo B 
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DinwmoN —PttSlevrtlUi 

Small, Gram negative, ovoid baciUi, sbovnng bipolar itamiog Aerobio and 
/ecuitativelj' anaerobic Poirora of carbobjdrats fermentation reJativelj’ slight, 
no gas produced. Gelatin not liquefied. Parasites in man and animals producing 
cbaractenatic infections 

The type apeciea is PaaletirtUa aeueptien 

Isolktian — The fint member of this group was isolated by Kjtt m 18T8 from 
an epidemic disease affecting wild hogs and deer Similar orgatusms have been 
isolated from eeveial species of sniiaals and birds Buffering from a disease known 
as hsmonhagic septicsenua It has become customary to give a specific name 
to each organism, corresponding to the animal from which it was derived , thus 
we hate Past cmepttca from fowls. Past feptseptica from rabbits, Post suueptica 
from pigs. Past vttu2(s<pttcafromcalves,Pa$t omeptico from sheep, Post bovuepttca 
from cattle, and Past munseptiea from mice (not to be confused with Frystpehtbrue 
mur$jgp/tca) Such a comescktnre is pure!/ arbitrary, and is clearly unjustifiable 
from the sytematic point of view The differentiation of species within this group, 
as in all others, must depend on the detailed study of an adequate sample of strains 
Such data as are available do not suggest that the straius from the various animal 
species, which are liable to natural pasteurellosis, are themselves specifically dis 
tinct In the description which follows we have taken Post onseptica as a type 
of the hstnorrhagic septicsmia group , but, as we point out in a later section, it 
13 doubtful whether this name will survive as a designation for a distmct species 

Malassez and Vignal (1883) were apparently the first to describe psendotuber 
eulosis in the guinea pig Several workers recorded the finding of a bacillus in 
this disease (see Chapter 73), chief amongst whom was Pfeiffer (1890), who 
named it P pseudotub^ctdow It is not to be confused with Corynebactenum 
pseudotuberculons ons, described by Preisz and Kocard as the cause of pseudo 
tuberculosis m sheep {see Chapter 17), or with Corynetiacimum pseudotubercvions 
nvuTwm, described by Kutecher (1894) and Bongert (1901) as the cause of pseudo 
tuberculosis m mice (see Chapter 17) 

The plague bacillus. Post ptsiu, was isolated almost simultaneously by Kitasato 
(1894) and by Tersin (1894), from bumaD patients snffenng from plague 

These three organisms resemble each other in so many characters, and appear 
to be so closely related, that they may well be considered as falling within a single 
genus 

Morphology and Slaming—All the members of the group are small, ovoid 
bacilli, with convex sides and rounded ends , there is no cbaractenstic arrange* 
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DenMnov — Patta rtjja 

SmaU Grata negatire oraid bacilli allowing bipolar ataining Aerob o and 
facultatively atiaerob o Powers of carbohydrate fermentation relatively alight 
no gag produced. Celatio not (liquefied. Paras tea in man and animala producing 
charactenslic infectiona 

The type apec es is PailnrtUa amstfhea 

Isolation— The first member of this group was isolated by Kitt m 1878 bom 
an epidemic disease aQectmg wUd bogs and deer Similar organisms have been 
isolated £rom several species of animab and birds sufiermg Irom a disease known 
as hsemoirhagic septicsmia It bas become customary to give a specific same 
to sacb organism correspondmg to the animal {torn wbicb it was derived thus 
we have Past ansejUua from fowls Post Itptseplxca from rabbits Pott sutteptica 
frompgs Past vitulueptios from calves Past ottsepdeo from sheep Port hovtsepttea 
from cattle and Past munsepltca from mice (not to be confused with Erysxpelothnx 
muruiptiCa) Sueb a nomenclature is purely arbitrary and is clearly nnjustifiable 
from the sytematic point of view The diQerentiation of species within this group 
as IS all others must depend oa the deta )od study ol an adequate sample of strains 
8uch data as are available do not suggest that the strams from the vai oua animal 
species which are liable to natural pasteurellosis are themselves specifically dis 
tinct In the description which foUows we have taken Past ansepltea as a type 
of the hsmorrhagie septicsmia group but as we pomt out m a later section it 
IS doubtful whether this same will aurvive as a designation for a distinct species 
hlalassez and Vignal (18S3) were apparently the first to describe pseudotuber 
coJosis in the guinea pig Several workers recorded the finding of a bacillus in 
this disease (see Chapter 73) chief amongst whom was PfeiSer (1890) who 
named it B pseudotubmulosis It is not to be confused with CoTynebactenum 
pseudotubtTCulons ows described Preisz and Nocard as the cause of pseudo 
tuberculosis in sheep (see Chapter 17) or with Coryndxietmnm pseudotuberculosts 
munum described byKnteeher (1894) and Bongert (1901) as the cause of pseudo 
tuberculosis in mice (see Chapter 17) 

The plague bacdlns Past pestts wasBolatedalinost simultsDeously by Eitasato 
(1694) and by Yersm (1894) from human patients suffermg from plague 

These three organisms resemble each other in so many characters and appear 
to be 80 closely related that they may well be cons dered as falling within a single 
genus 

Morphology and Staining —-All the members of the group are small ovoid 
bacilh with convex sides and rounded en^ , there is no characteristic arrange 
767 
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mcDt , ttey are generally disposed 0 ngly» m pairs, m abort cbama, or in small 
groups The most stnkmg feature is their pleomorphism, irhichis most noticeable 
with Past pestis, least with the hemorrhagic septicasmia bacilli Though well 
marked on ordmary media, it is best brou^t out by cultivation on natrient agar 
containing 3 per cent sodium cblonde The groirth on this medium is poor, 
microscopically, as well as the usual ovoid or short bacillary forms, there will be 
found shadow forms, dlamentous snake like forms club forms, large yeast-hke 
globules, and other irregular forms Past pestis and Past pseudotubercuhns are 
larger and mote ovoid than Past avisepltca, but their shape vanes considerably with 
the mediam on which they are grown Generally speaking, the bacilli of all three 
species tend to be ovoid and to show bipolar staining when taken from smooth 
colonies, and to be mote bacillary, filamentous, or pleomorphic, without bipolar 
staining, when taken from tough colonies, but many exceptions occur 

Past peslts and Past avtsepltea 
arc non motile Past pseudo- 
luberculosis, on the other hand, 
though usually non motile m cul- 
tures incubated at 37° C , is often 
motile in broth cultures grown for 
IS hours at 20-22* C The posses 
Sion of motility by this orgamsm 
IS of considerable value in differ- 
entiating it from Past peslis, with 
which It may easily be confused 
(Arkwnght I&27) The value of 
this test, howe\er, u limited 
Weitrenberg (1935), for example, 
made observations on 2o strains 
of pjcudofwberculon#, and found 
that, though all were motile at 
room temperature, some were very 
poorly 60 , and had to be exammed 
repeatedly before their motihty 
could be definitely established A nc^tuc tesalt, therefore, on a single examina- 
tion cannot be regarded as conclusive Both Levmthal (1930) and Weitzenbcrg 
(1935) have demonstrated the presence of flagella on Past p«eudotubCTeaIoj»j 
The usual number appears to be 1-2, arranged at one or both poles 

In the animal body Past peslis may form a true capsule with a definite edge 
(Kitasato 1894) More often it is surrounded by a gelatmous envelope of ill-defined 
capsular material, which is soluble m weak alkalies (Rowland I914<») The same 
envelope may be formed m artificial media, especially m 10 per cent inactivated 
horse serum broth incubated at 36* C According to Schutze (1932o), it develops 
best at 37* C , poorly at 26° C , and not at all at 20* C By serological methods 
It can be shown to contain a special antigen distinct from that present m the 
body of the organism Post am^KO may show an indefinite capsule in tie 
animal body From this capsule Hofienieich (I92S) has extracted a polysaccharide, 
which, though unable to give nse to prempitins on injection into rabbits, yet 
reacts to a high titre with a specific precipitating serum. Priestley (1936fl, c) 
has shown that an envelope substance, apparently similar to that formed by 
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llie plague bacillus, can bo demonstrated m cultures of virulent, but not of aviru 
lent strains of rasteuttUn teiAtcn U readies its maximum development after 
‘Jl Lours at 37“ C, and tlaii gradaall) disappears Temperatures above and 
below 37“ C tend to inlulit lU formation Antigcnicatl) it is distinct from the 
somatic substances 

Bipolar staining is v'cry common and gives to the o% old bacilli a characteristic 
sppeararcc The rod forms often stain irregularly, appearing as granular or barred 
forms The reaction to Gram*® slain is uniformly negatiie 

Cultural Characteristics — Moderate growth occurs on the ordinary media 
Patt pteuJolHlfratlosu and Past atvephea grow fairly rapidly, giving a confluent 
growth on agar after 24 hours , Past pfstis, on the other hand, develops more 
slowly, and gii cs a less abundant grovtb, often barelj &oticei|ble after tfus time Tie 
agar colonies of Past ptslis anil Past pseinfotnbcrculosis resemble each other in 
man) respects, and are rharactemeij b) the efluse, dear or slight!) granular, 
penpheni extension tbst oeeurs after 2 to 4 days’ growth (Figs 15S, 159) , the 
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colonies of f’lMt psetidotuhercahuts, however, dcvilop more njiidl), and are larger 
and more grsnular With further inculntiim the central raised jvirt of the colony 
ma) assume n rmgeil or draugblsman like appearance On moist agir the colonies 
especially of Past peshs, arc of viscous consistcncj and tend to adhere to the 
meilmm (Fvstwood and UnlTith 1911) 

Colonial vananta Lave been dcscnlKsl for each member From Pa^f peslts 
Gotschheb (1912) obtained round, dun), UDdiflcrentiated colonies which were 
agglutmaWo and proved aviruicnt for rata, they aubsequently reverted 
to the normal virulent t)pe Variant types, including smooth compact, small 
fringed, largo irregular, and " sunflower *’ types, have been described by a number 
of other workers (see Beasonowa, S^miLoz, and Kotclnikow 1927, Pine 1929, 
Bnrgcss 1930, Beasonowa and Ijcnskaja 1931, Bhatnagar 1910a), but the exact 
form produced seems to be so influenced by environmental factors that it is prob 
ably better not to refer to these types by the ternas tough and smooth Kakehi 
(1915-lC) described two variants of Past pseu^ubtrculosts , A was almost trans 
parent and had a bluish, ghtnmenng appearance , B was greyish white and opaque 
A rendered broth turbid, B did not ZlatogoroiT and MoghilewsLaja (1928o, 5) 
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have axniilarlj encountered two variants. On fir«t isolation from the anunal bodj, 
the organisms formed smooth colonies, consLting of short bacilb, which often 
showed well marhed bipolar staining, on plates seeded from old broth cnltnres 
rongh colonies developed, with a dull wnnkled surface and a lobate or crenated 
edge , morphologically these colonies consisted of laiger, often longer, bacilb, which 
did not exkbit bipolar staining The«e two variants likewise differed in their bio- 
chemical and •serological characters (see below) In cuittires of Past Iepi*eplioi 
De Kmif (1921, 1922«, 6, 1923} fonnd two different types , Type D grew diffnselr 
in broth formed rather opaqne, finorescent colonics on semro agar, and was highly 
virulent for rabbits , Type G pave a grannUt depoMt in broth, formed tramlacenl 
bluish colomes with bttle flnorewience, and was completely svimlent. The D type 
gave nse to G variants, but the G type did not revert to D A mucoid variant of 
intermediate \ imleLce has been described for Past Jepisepltea bv Webster and 
Bum (1926), while colonics similar in many respects to the D and G types have 
been recorded for Past omcjrfico by Anderson, Coombes, and ^fallick (1929) 
Slorch and Krogh Lund (1930), and Hughes (1950) 

In broth Past pestis canses little or no turbidity, bnt gives nse to a deposit 
of fine Bocenb , with Past pseu^otuberculosts there is no turbidity hut a deposit 
of coar«e fiocenb , with Past aetsfptua there is a nni/orm turbidity with a powdery 
deposit (Zlatogorofl 1904) These differences are not entirely constant. \ 
noteworthy featura u that whereas growth of all three orgaaiains on an agar slope 
reaches its maximum in 2 to 4 days in broth growth continues for T to 10 days, or 
at room temperatnre, for several weeks An old broth cni 
tuie u almost clear, there is a beary deposit which u 
difficult or impossible to disintegrate, and there may be a 
soiface pelhcle and nsg , in cnltores of Past attsejihea the 
deposit u Tiacoos , in cultures of the other two it la usually 
floccolar or membranous 

If Past pestu IS seeded into broth covered with melted 
batter or oil, and the flask is allowed to remain ondistoibed 
in the incubator, growth occurs in the form of stalactites 
depending from the under surface of the droplets This 
property is not pecubar to the plague haciBus, nor is it 
possessed by all strains of that species. Past pseuJotubfr 
colons mav likewise give a stalactite growth in broth, 
hone of the members liquefies gelatin, in a stab culture 
there IS a surface layer, and a fililom growth extending to the bottom of the 
tube In the case of Past pestu bttle feathery projections sometimes occur from 
the stab into the surrounding gelatin. 

Potato IS not a smtable m^um. Past pestu and Past ansepluxt give little 
or no growth (Eitasato 1894, Magnosson 1914, Tanaka 1928) Post pscodo- 
lubereulosts either gives no growth at aU or else forms a thm, yellowish layer, 
which may later turn brown (Preisz 1694) 

In bile salt media — JIacConkey’s hquid or sobd medium — Past pestu end Past 
pseudofufiercwfosM give a sbght but definite growth, which disappears m the course 
of 2 or 3 days, owing presumably to autolysis of the bacilli , Past artseptica faiU 
entirely to grow 

Besistance — hone of the merobera highly resistant to mimical agencies 
Broth cultures are killed by heat at 56“ C , and by 0 5 pci cent, phenol, within 15 
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minutes Agar plate cultures exposed to sunlight are sterilized in 3 or 4 hours 
(Ogata 1897) Dried on threads and kept at room temperature in & desiccator 
the liaciUi survive for not more than aiew days In bubo juice dried on a cover 
slip Past peslis dies in under 4 d-ijs (Kitasato 1891) , but m dry flea faces kept 
at room temperature (66* F ) it may sumve for 5 weeks (Eskey and Haas 1940) 
The blood of anunals dying from hsemonhagic septicmmia remains virulent in the 
dried state for about 3 weeks , blood which is allowed to putrefy m a glass tube 
may remain virulent for 100 days (Osteitag 1908) Bacilli in cultures or infected 
organs kept in the ice chest may sorvne for months According to Francis 
(1932) Past peslxs in an infected guinea pig s spleen kept in pure neutral glycerol 
at — 15° C , may retain its ^Tiulence for years 

hletabolism — The bacilli have a wide range of growth Past peshs and Past 
pseudatuberculosxs can grow to some extent at very low temperatures — according to 
Tumansky and his colleagues (1935) even at 0° C Their upper bmit of growth is 
about 43* C Different observers disagree about their optimum temperature for 
growth, but SO* C is generally considered to be the most favourable Growth 
however, at both 24® C and 37* C is often neatly as good as at 30° C According 
to Sokhey and Hahbu (1943) Past pestis grows in nutrient broth between — 2° 
and 4- 45® C , at 27 to 28* C — its optimum temperature — growth is five times 
as rapid as at 37* C Pasteurella septica has a rather narrower range of growth 
and develops best at 37* C 

All the members are aerobes and facultative anaerobes. Working with PasL 
kptsepUca, Webster (1924<i, 192o) and Webster and Bandisch (1925) found that 
the D or smooth variant would not grow m plam broth unless large numbers of 
organisms were introduced — about 100 000 per ml , whereas the 6 or rough variant 
grew if only a few organisms were introduced Bat if a trace of rabbit blood or 
an iron compound with strongly catalytic properties was added to the medium or 
the partial pressure of oxygen was lowered mechanically, growth of the D variant 
occuRed with the smallest inoculum Schutze and Hassanein (1929) made similar 
observations on Past pestis They found that the difficulty of obtaining growth 
from small mocula on agar plates could be overcome by the addition of a small 
amount of blood or ofO 025 per cent sodium sulphite to the medium or by incuba 
tion under anaerobic conditions Their conclusion that the organisms were sen 
sitive to oxygen was confirmed by Wright (1934), who found that plague bacilli were 
destroyed fairly rapidly on the surface of agar plates if exposed at 37° C to a 
partial pressure of oxygen exceeding 1 per cent Aerobic surface cultivation was 
however, successful if 0 1 per cent of blood, 10 per cent of serum ot0 05 percent 
of sodium sulphite was added to the agar Under these conditions growth was more 
profuse aerobically than anaerobically For the growth of Past pestis Rao (1939) 
found that three amino-acids, proline phenylalanine, and cystme were required 
glucose and lactate were the two best sources of carbon and energy with which 
to supplement media Growth was stimulated by glycine hasmatin, cozymase, 
fbia.min and mcotimc acid htematin appeared to be essential for the aerobic 
growth of plague bacilh when these were present in only small numbers 

On horse blood agar plates there is no hsemofysis around the colomes but tie 
whole plate is slightly cleared and browned When a suspension of bacilb la inco 
bated with sheep s red cells there is again no Iwemolysis, but tbe oxyhaitnoglolm 
IS reduced to hasmoglobin In thw respect all members behave alike 

No true exotoxin is formed fHadley 1918) Old broth cultures are, hoireTO, 
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very tone to ammaU ai^gestiiig tliat endotoxun are hbetated by the autolyaia 
of the bacilli 

Biochenucal Reactions —{UacConhey I90S Vourloud 190S ilagnusson 1914 
EaLehi 1915-16 Bcsemerl917 BrooU an I Rhodes 1J23 Pons 19‘’o Colas Bclcout 
19‘’6 Csontos 19‘’6 Tanala 1926 Morch and krogh Lund 1931 ) 

Past pestis end Fast pseudotu&erculosu produce acid vnthoat gas m glucose 
maltose mannitol and salicin within 14 days salicin is not usually fermented for 
about 10 days Some strains oi Post peslwf^ to attach maltose and some strains 
of Past pseudo/uieretiZosM ferment aucrose Past pseudotuberculosxs is stated 
(Colas-Belcour 1926 ZlatogoroQ and Ui^hilewshaja 192Sa) to form acid from 
gljTerol but so also do some strains of Past pestM (Bessonowa 19‘’S) Bessonowa 
(1930) and Russo (1939) say that Past psnidotuhmi fosis ferments rhauinose while 
Post pestis does not Kauffmann (1932) however says that Past festis may 
ferment rhamnose though its reaction m this sugar is inconstant Past artseptica 
produces acid in glucose mannitol and snciose «ome types also produce acid 
in maltose Tanala (19'’6) found that Fast buialiseptiea (from buffaloes) formed 
acid m lactose and clotted milk the same observation was made by Magnusson 
(1914) for a temdeer stram and by Besemer (1917) for a calf stram of Pastfurella 
M e have encountered a stram of Past lejnsepUca that fermented lactose and to 
a less extent eahcin Newsom and (Tross (1932) found diff'erences m the fetmenta 
tion of arabmose dulcitol and glycerol and Roseiibu«ch and Merchiint (1939) 
were able on the basis of fermaatattoa of xylose arabmose or both to divide 
114 strains of Past sept ca of diverse origin into three sub-groups each of which 
'bowed a cons deiable degree of antigenic homogeneity In practice great care 
IS requited m deienmmng the fetmentation reactions nnce growth in sugar peptone 
water media is very poor 

In plain broth Past pestts produces alkab the maximum production is not 
reached for 6 to 8 weeks (Baunerman 1908) in a litre ffask of medium. In peptone 
water containing 0 5 per cent glucose the hydrogen jon concentration reached 
in 7 days is pH 4 6 -h 1 9 for Past pestis pH 4 0-4 8 for Past pseudoiubemilosis 
and pS 5 6-6 I for Past avweptioa (OtUn 1926) That is to say the Erst two 
give a positive the last a negative methyl red reaction. But in peptone water 
containing 005 per cent glucose the final hydrogen ion concentration is pH 
51-5 5 for Past pestts 7 ’0-7 3 for Past p evdolabemtlosts and pH 6 8-6 1 
for Past ainseptica After exhausting the sugar Past pieuiotubercuhsts would 
therefore appear to produce alkali more rap dly than the other two According 
to ZlatogoroS and Moghilewaksja (I928o) cultures of the rough variant form of 
Past pseudotuberevhsis return to neutral more rap dly than these of the smooth 
variant form. It is not yet certain whether the different end react ona m, glucose 
brothcanbeusedfordifferentiat ngbctwecnPa*t pestwandPast pseodotubcreidom 
according to d Annoy (1923) the results obtained depend to some extent on the 
initial H ion concentration of the medium. 

Past aiiseptica forms mdole and gives a negative 31 R reaction Past pest s 
and Past pseudoluherctJcsts form no indole aud give a positive 3LR reaction 
Past pestts and Past avtsepliea have no action on litmus irulV past pseudotuber 
euloj a turns it sbghtly allmline All members reduce nitrates form ammoms and 
asmallamountofH^ and g ve a pos tive catalase test Accordingtoourobserva 
t ons Past pestts does not reduce methylene blue whereas Past amsepttca and Past 
pseudotuberetdosts are able to do so In confiimation of this Iwanowaky and ^assy 
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kioa (1930) have found that saline saapeoamns of Past pseudolubeKulosis reduce 
Schardmger’a reageijt (fonnolized M B solatton) much more rapidly than those of 
Past pestts Past aviseptica 13 stated to form phenol m peptone water (Bimzl- 
Fedem 1891) 

Antigenic Stmcture — Antigeiucally all the members of the group are closely 
related An agglutinating serum prepared against any one of them is said to 
act not only on its homologous atram but to a leas extent on the heterologous 
strains It is stated that the relationahip between Past pestis and Post pseudo 
luhereidosis la very close, and that it la often impossible to distinguish between 
them by direct agglutination Past anseplica is not so closely allied, but never 
theless it may give a definite gronp reaction with sera prepared against either of 
the other members This, however, has not been our expencnce , using low titre 
sera we have had no difficulty in diatingnishmg between the three species by 
direct agglutmation 

According to Schutze (l932o), there are only two antigens m the plague bacillus, 
one correspondmg to the envelope and the other to the somatic substance The 
envelope antigen is developed best m cultures grown at 37“ C and is heat labile , 
the somatic antigen is formed as well at 20“ C as at 37“ C and is heat stable 
Both ant^ens may be present in avinilent as well os m virulent forms, though 
variants laclong the power to form the envelope substance have been described 
(Sohhtze 1939) Wats, Wagle, and Puduva) (1939) find that orgamsms provided 
with an envelope-agglutmate mote rapidly than tbose containing only the somatic 
antigen , they diffier abo from these m fomung larger fiakes of varying size, and 
a voluminous deposit, which is easily homogenized by shabng The antigenic 
Btructnie of the £agcLbfe<l Past pseudoluhotculom is more complex Arkwright 
(1927) has shown that agar cultures incubated for 21 hours at 18 to 22“ 0 contain 
a heat-labile H, and a heat-stablo 0 antigen The H antigen is apparently associ 
sted with the flagella and is destroyed by boiling for half an hour, though not 
by exposure to 56“ C for a sinular length of time , it agglutinates in the form 
of loose floccoh , the 0 antigen is apparently associated with the bacterial bodies 
IS not destroyed by boiling for 1 hour, and agglutinates in the form of granules 
Further work fay Schutze (1923, 19326), 3atogoroff and Iloghilewskaja (1928a) 
Kauffmann (1933), and Bhatnagar (19406) seems to show that the flagellar antigen 
which 13 formed only in cultures grown at 26® C or lower, is common to all strains 
within the speaes, but that the somatic antigen la more complex One somatic 
antigen is shared with the plague baallua, another is closely related to the 
0 antigen present in Salm parali/p7ii B and related organisms of the Salmonella 
group In addition, there appear to be one or more type specific antigens that 
w/dwvdwil sUavna oc g!<yaps ^sf Accntdsng to Bh&tnagac 

(19406) a serum prepared against the plague bacillus will agglutmate Pas( pseudo 
tuherculosis by virtue of the antibody to their common somatic antigen, but a 
serum prepared against Past pseiidotubercutosts will not agglutmate plague bacilli 
grown at 37“ C because the somatic antigen 13 protected by the envelope substance 
The antigenic structure of the members of the Pasleurella sepitca group of 
organisms is still very uncertain With regard to Past niun^eplica we have 
found two distinct types, distinguishable either by direct aggfutimtion or by 
absorption of agglutinins The two types were further distmgmshed bj the fact 
that one type fermented maltose and the other did not Using the complement 
fixation reaction, Lai (1927) found that there was a cross reaction between different 
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merob^ ol th« ismorrbajis septasea.* gnrap bo* tbst diSi^nces in tl“ d»grt<* 
of fixation amaUv «nSn>“nt to ensH** s*iaica conuns from on^ animal *oarce 
to «>p3raf«l from tho“* from another CoTielms br mean, of tb® 

asjlatimn'ab-o’ption clarified 17 on* rf «—ams of Poji^jrrlh of direst 
onsn into 4 groups the remaining 9 ®*TaiE3 d»£*d classiScaboa. 1 err 'imilar 
results bave been recorded bp Ynse*^ (195^) nnng tie precrpitattoa te** Pne^+ler’a 
(193^ f) ob-iTTabons fngg®* that Past 'a res<nib!"s Pa^ p^u m fotnung 
a beat Ub3e enrdop® anj"»-n and a beat-'tab’* ««Hiiabc antigen. It iliiTeis &om 
tbe pla-mc badlla.* lo that tie enrelop® anjgea appears to be p*cs<»" onlr m 
viml nt ‘trams, tbongb tbis requires confirmatica moreover t**? somabc anb'ren 
IS cot the same la all members of tie «peaes. HoS’enre.ch (192.) rejWted tb* 
isolabon of a polvsaccbaisde bapten tiat ieac*cd to hizh btre wrtb a 'penfic 
precipitatin'' «e mtn. Bp means of ti® tn bloeaceb** aad te'-hniqne Pirostp 
(193:^ c rf) baa corr eit»c*«d from emooti and roast variants four diiTereiit 
glvcoipo d anbgens jndsed bv ercKS-precip tatton te<tj on* o'^ the«e antigens 
sras found to b* relat^ to tbe Vi antigen of tie tvploid baeillns and anoJier 
to tbe 0 anb^'en ‘bared bp &i/>ji f/p*» and Salm. enlen kfis trnf(rtnnatdv 
tbe relaboa be*ir«n PirOikr a g*TTcl pmd anbgens and tb* envelop* and capmlar 
antigens is stiD far from clear 

Imonn* *«ra can be prepared for aS tie meml'crs bp injecbon of rabbits or 
torses sntibTOgo* dead ©•ginisaa (Hafiline 1905) Ifirmgorgamsinsarecsed, 
a wesklp Tinlent ctlwre s'^onld to cloven for tie first few isj*cb03s. The sera 
bar* propiplacbe aad to a less extent ccrativ«i propelies fcr laborstrrp aaimals 
(lep'saetof 169o Cbambeiiaadand Jo»anl9«>") Stbs^sfl932e 193f)ohserra 
tions suggest tba* tbe P ’0 ectve powe* of a plagu* vaccice is brg’lp dependent on 
the preface of tbe eavelop* aatigen. Wothms sntb rats b* found that a plagu* 
culture grown at 3 * C — a temperature at wbttb tb* envelope antis^n is weD 
developpd — was coasjderablv more potent for parpos'^ of imisunuatioQ than one 
grown at 2*“* C — a t«nip*Tatare wbici » leas favoorabl* for tb* format on of the 
capsular mateaaL ilo’eover tea mg of a culture to 100’ C fo’ lo minutes 
d*‘trOTed the envelop* eub^^ance aad rend*ied tbe vaccin* useless wbfl* eipo*uie 
to a temp*rattiTe of ^ * C for 30 iman*e3 Iiad no «iici deleteno_j e***ct &fcbev 
and Slannce (19^) however woilnag with mice fcund tba culbires g"own a 
2 -d’ C were as e^^’cctive as tbo«e po i tu at 3”’C Acccrding to ^*>ntze (1*13^) 
tbe explanabon of this discrepaccp Les in the rebbre importance of tb* two 
anbgens for the type of animal unde’ etodp In ti* pro'e'bion of rats and guinea 
pi^s a brg* part u pbved bv tb* envelop* aab-ea, but in mice this aab"»n appears 
to be of less importance. 

It bas been stated tha it is pos^Ie, \iy tbe use of a p ^udatvlm'Jotis raceme, 
to unmusiaia r*.,s aad guinea ttleetioa with virtletit plague banSi 

(llacConl-ev 1<»0S MeCop 1911 Report 1915} ZafogomS (l^OI) on tbe other 
hard was unable to immunire animals against plague with a pt^^jdotvheTctdosu 
aatijjcn, or against pseadotubercnlosis with a pestu antigen. He also found that 
a specific anti plage* serum would pro*ect guinea pigs a^nst plagu* bn* not 
a"3ins* p>*ndotube’vnlo'i3. Boquet (193 ) was ab’e bv tb* u»* of aviruJen 
hacili to protect guinea f4nsa''ainstinfertK>n-»nthTirul?ntPa!t pr^ctjUrcuIoftt 
^3 regards tbe bjemoirbagic sept c«mic group mos* worlers agree that a 
ftraia frf m on* animal can b* U£*d to vaccinate against inf*ct5on with «tTain3 from 
ot^*r animals (Cbamberiand and Jouan I'JOS ^I^us^on 1914) A fowl-cbolera 
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strain, Past anseptica, for eiample, will protect mice against infection with a 
strain from swme plague or pleuropneumonia of calves Likewise an immune 
serum prepared against one strain is to protect against all other strains 
Schirop (1908), however, obtained evidence of \anetal diSerences m the species , 
according to him protection can be realized with certainty only by the use of 
monovalent sera (see also Priestley 19366 ) 
yPatbogenicify — Past pestisand Past jMcadofuSercufosucausediseasemiodents , 
Past pesfM is also pathogenic fox man The hsmotrhagic septicsmia group is 
pathogenic for a large number of animals and. birds, but only very exceptionally 
for man (see Chapter 73) 

The virulence of all three organisms is subject to considerable variation, and 
appears to be determined, at least in part, by the particular variant that has 
gamed the ascendancy The D variant of Past Icpjjeptica is highly virulent the 
G lanant comparativelj aviruleot There is evidence that the smooth type of 
Past pseudotuherculosts is more virnlent for guinea pigs than the rough type 
(Zlatogoroff and Bfoghilew^Laja 1928fl) though, according to Boquet (1937) this 
relationship is fortuitous There are several reports on variations in virulence 
of the plague bacillus occnmng under natural and experimental conditions (See 
Yersin, Calmette, and Borrel 189o, Report 1906, McCoy 1911, Rowland 19146 
Eberaoii 1917, Pine 1929, Burgess 1930) Many of the statements are conflicting 
tendering it impos ible at the moment to draw any deflnite coDclu<ions on the 
relation of virulence to colonial appearance or antigenic structure Further study 
of this problem by careful quantitative methods is required For maintauusg 
the vunlenee of the plague bacillus, Sokhey (19396) recommends growing the 
o^aaisms oa 5 per cent rabbet Wood agar for 4 days at 26'’-32* C , sealing the 
tubes m the flame, and stonng them at 4* C 

Expenmeatal Reirroductioa ol Plague m Animals 

Bubonic plague can be reproduced m rodents and monkeys by experimental 
moculation Dogs, cats, pigs, cattle, sheep, goats, and horses are difficult to 
infect ; birds, with the exception of sparrows, are completely resistant The 
disease is said to occur naturally in camels , but these animals are refractory to 
experimental inoculation (Zabolotny 1923) Even the rodents show great vanation 
m susceptibility to infection The less resistant members succumb rapidly, whereas 
the more resistant ones either fad to develop the disease, or else develop a sub 
acute or chrenic type Spencer (1921) found in America that about 30 per 
cent of the rats from a plague free district were resistant to subcutaneous inocu 
lation of Past peslts According to SoLbey (19393), the white mouse is the most 
susceptible laboratory animal, but Otten (193S) on the contrary maintains that 
the gumea pig, m spite of its greater weight, is more susceptible than the mouse 

Pneumonic plague has been produced in tats and also in marmots {Spermo 
pkitus cxtellus) by causmg them to mhafe cultures of Past peslis (Ebersou and 
\\u Lien Teh 1917, Wu Lien Teh and Eberson 1917) 

Rats — Svhculaneoas tnjeelion of a very Email number of virulent plague bacilli leads 

to death in 2 to 8 Postniortcni there » necrosis and ledeina at the site of inocula 

tion , the regional lymph glands are swollen and eurtounded by a b’eraoirhagic infiltration 
of the subciitsfieous tissue Glands in other parts of the Ixaly are often congested and 
swollen , the spleen may be enlarged and dark red , the liver and lungs are hyperaJtnie, 
and sometimes a pleural exudate is seen Bacilli are found in large numbers m the local 
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lesoa aad tte neanssl glands ; th«y are nstaDj KiesnIaE tti size and sl^pe, exHbit bipt^r 
gtaining, and may ebow inTOlatjon forma Tl»y are often pre*at in the spken and in 
the blood. If the nnimfll lire* for a treek, small, irregular, necrotic fod may be obserred 
in the spleen and Ihrr. 

The German Plague Commission (P^eport 1899) bad apparently no difSeulty in infecting 
rats by the mouth, but other sntfcers have not been so raccessful- They fed the anim a ts 
iritha drop of plague culture or with the eadarer of a rat that had died of plague. Death 
followed B^or^yin 2 to 3 days. Port mortem, three ^Tea of lesion were found, (a) Most 
commonly enlargement and congestion of the HubmaxiUaiy and suprahyoid glands, with 
the general picture of eepticamia. (6) Xess often primary infection of the stomach end 
intestine, nnmerona punetifOrm h^morthagea round the pylorus, swelling and h*morthagic 
infiltration of the lymph folbelea and meseirtenc glands, which were often quite Urge, and 
contained innumerable plague badlli. (c) Quite ferquently an aspiration pneranonia ; 
the lungs showed ir^ammatory foci of varying size, containing largo numbers of plague 
bacilli : the spleen was enlarged, and the brer hyperxmic. 

The English Plague Cammission had lesa succees with feeding. Of the wOd rats of 
Bombay only 33 per cent, were found to be susceptible when fed on the carcasses of dead 
plague rata. In the Punjab the proportioit «aa nearly 70 per cent. The Ireions found in 
tats infected bv feeding were of a wmStae type to those in rata infected naturally. Two 
striking differences, however, were preeent. (o) In naturally infected plague rate the bubo 
IS in the neck ; a mesenteric bubo was not entountered in 5,000 enminatkms : in the case 
of fed tats the bnbo is generally in the mesentery. (&) In naturally infected rats the stomach 
and intertinea show no marked pathological changes : in rets infected by feeding weD* 
tsatked lesions are f<nind in the Intertinea— hnrnarvhagee in tbs stomach wall Z per cent, 
congestion of intestinee 37 per cent., enlargement of Peyer’s patches 31 per cent. 

The natal nueota and eo«i/un<rira are favourable spots for tnocnlatioo in rate (Beport 
1899). A trace of infective material smeared over conjunctiva proves fatal in 3 to 
4 days. Post mortem, there is ewsQing of the eervkai lymph glands, enlargement of the 
epleen, and frequently numerous hsmorrfaages in the stomach and jejunum* The appear- 
ances are in fact to tboee of an animal dying after oral infection. Contamination 

of the nasal mucosa is frequently followed by an inhalation pneumonia. 

The English Pbgue Comimssjon iTteport 1912. p. 2$7) were able to reproduce the 
lesvous of chronic or — as they prefer to caU »t— of tesoSving plague in rate by inoculating 
large numbers of animals with small doses, and retaining the surrivors for 3 weeks after 
inocnlabon. Ihe chief iestons found were chronic buboes, necrotic areas in the spleen, and 
chronic abscesses in the spleen or more rarely the liver. 

Mice. — T he mouse reacts to inoculatioD in much the same way as the ret. After 
subcutaneous inoculation the septicaoua is very marked; the blood and internal organs 
swarm with bacillL Infection can be accomplished by feeding, if a sufficiently large dose 
of a virulent culture is used. 

GnxEa-Kos. — Guinea-pigs are highly susceptible to plague, dying in 2 to 5 days after 
jul)ftiJ<nieone injection of a pure cnhnre. Port mortem, there is a necrotic focus at the rite 
of injection surrounded by intense congestioo and cedema ; the regions! Irmph glands are 
ewoffen and embedded ui a bfoody cedema ; ffiem uttehbr is aofl and necrotic. There « 
enlargement and congestion of the spleen, which is oBen studded with miliary, soft, grey 
nodules up to 1 luia. in diameter, sometunes fwojecting above its surface, and containing 
large numbers of baciSi. The supcaivnals may be congested (Yeirin 1894). Tbs lirer 
may be peppered with tiny necrotic foci, and occasional small necrotic nodules are visible 
in the lungs. Sometimes there is a plenrul effurion. Guinea-pigs mn be infected by 
the niantovt route. If the plague material is nibbefl on the shaven skin of the abdomen, 
an inflanunatory reaction appears in the neighbourhood, marked by a slight reddening 
and the formation of umbilicated pustules in which plague badlli are present flheudontri 
and Otto 1912). Aftersfew days the t^Kmal glands sweU and death occurs in 4 to 5 days. 
The pcst-mortem signs are sinular to those after subcutaneous inocnlatlim. 
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Intrapertttmeal injection 13 fatal m 24 to 36 hottre Post mortem there is a nch fibnnous 
exudate contaming enormous quantities of plague bacilli. Infection by tho mouth nasal 
mucosa and raginal mucosa is not Constant 

The Btumats nre Tery sensitive to eonjunetinil infection By inhalation or intra^rncfteal 
inoculation it is possible to set up an acute pnmacy pneumonia Symptoms apjwar m 
48 hours and death occurs m about 72 hoois At necropsy there is a confluent broncho 
pneumonia with cedema or commencing necrosia of the lung tissue (Bessonowa Kotelmkow 
and Semikoz 1927 Bablet and Girard 1933) However infection occurs the organisms 
sooner or Liter gain access to the hkwd stream At post mortem they can be isolated 
from the blood spleen, liver long and bone marrow After bacteriemia has developed 
the organisms may often be found in the bile unne and less frequently in other excretions 
(S^mikoz Bessonowa and Kotelmkow 1927) 

Rabbits are less susceptible to plague than rata and gumea pigs but they can generally 
bo infected by suheutoneous inoculation (DieudonnA and Otto 1913) 

MoshEYS vary in susceptibihty The German Commission (Report 1899) infected 
J/acaei »ral alu» bj suhcutaneoiis and intrapentoncal inoculation and by feedmg This 
species was not nearly so susceptible however as Preah jtta enteU s {Semnop Iheei s entell 
which succumbed after minute quantities of plague culture subcutaneously 

Experimental Reproduction of Pasteorellosu m Animals 

Most animals arc susceptible to expenmental lolection with Pasteurella On 
primary isolation a strain from one species of animal may prove of low infee 
tivity for other species (Katltnskt 1690) but this is by no means always true 
Magnusson for example found that lua reindeer organism was pathogenic to 
mice guinea pigs rabbits, sheep dogs and pigeons The most suitable ammals 
for inoculation are the mouse rabbit and pigeon 

Mice — buheuUneous inoculation of a small quantity of a 34 hours broth culture 
proves fatal m 24 to 43 hours Post mortem there may be local cedoma and congestion 
with practically no other signs Microscopically the biciUi are found m large numbers 
m the blood and viscera If very few organuras are injected or a culture of relatively 
low virulence is used, tho mouse docs not die for 2 to 8 days or even longer at necrop^ 
thereisafibrmo purulent pericarditis a lajcr of fibnn over the pleura partial consolidation 
of tbs lungs and not ntfrequently s parakitt exwiita in tfw pe«6<wwtM* Bsalh are 
plentiful in the blood and organs Intrapentoncal inoculation « more rapidly fatal 
Rabbits can be infected by subcutaneous intraperitoneal intravenous intratracheal 
or intranasal inoculation Death occurs in 2 to 5 days as a rule after mtrapentoneal 
injection with lesions similar to those m mica In addition there may be a hsmorrhagio 
tracheitis (Magnusson 1914) and hyperemia of the kidneys and intestine (Poels 1886) 
Intranasal insufflation of the bacilli is often followed by snnfllea or pleuro pneumonia 
(Beck 1893 V) ebster lS2ib 1926) and someUmes by purulent otitis media (Smith and 
Webster 192o) 

PiQEovs ate very susceptible to intravenous or intrapiintoneal less so to intramuBcular 
mjection Death occurs ui 24 to 43 hours Bacilli are abundant m the blood. 
Experimental Reproduction of Fsendotaberculosis in Animals 

The term pseudotuberculosis is used to refer to a number of diseases that are 
caused by different organisms (see Chapter 73) We shall restrict ourselies here 
to the lesions due to Past pseuHoluberctdosts The experimental disease can be 
produced in guinea pigs rabbits rata mice, and according to PallasLe (1933) to 
whom reference should be made for a detailed account of the lesions produced m 
cats pigeons canaries andturlejs For Itborifcoiy purposes the guinea pig is the 
most suitable amnial to study 
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SvbcvUintotis or tntramvscvlar inoculatiOB of the giunea pig u follorerl bj a disease 
which, depending on the dose and the Timlence of the strain, esst- b<* acnle snbacnte or 
chronic. The acute disease resembles plague and is fetal in a few dars. Hic diflercnlLil 
diagnosis can be made only by cultivation and a thoron-b atudr of the oreanism responsible 
Macroscopically, the focal Ivmphatie glands tend to be more affected in phinie than in 
pseudotubercnlosis. The subacute disease prows fata! m about C weeks, and the chronic 
in 3 weeks or longer Post taortem there » a caseous local awelliM; the regional Ivtnphatie 
glands are enlarged, and there are nodules vaipng in number size and degree of caseation, 
mthespleen bver andlunga. Iflheaniina]bveafor3weeksorso,thenodule3areusaaUv 
very eonspicnous. They are more or less sphencal, greyish white in eolonr and 0 2 to 3-0 
mm. in diameter , they project above the anrface of the organ, and in the brer tber show 
no particular localization for the free border as do the necrotic areas m rodent tvphoid 
infection, ilicroscopically the bactlb are generally present in considerable nambere at 
the ate of inoculation amt jn the regional glands, and thev can be readily cidtivsted from 
all the leaoas 'Thediseasecanabobereprodocedby/cedin^ which is the natural method 
of infection. Death occurs m I to 3 weeks. Nodules of varying size are found m the 
intestinal wall, the mesentenc glands are enlanred and often caseous, and nodules mav 
be present in the spleen, bver and lungs. 

Clarification and Identification — The membeta of this group resemble each 
other very closely , between Past pertia and Past pjfti(f<rfiiicrct;/om the smularitv 
13 so great that the identification of a gi\en strain is not always easr -Vgglatina 
tion and precipitation may bo of as»i.tance especially if supplemented by tbe 
abrorption te*t ThaprodactionofalLalimlitinusinilLbrPizs/ p«fit(fo/wierrt/f<WM, 
and its comparative harmlessne^ for white rats (Peport 1&12 p 3o0) are two 
difTerenbal tests that are «ometimes recommended Pa*' p<tvdolubfmlofta u 
often motile m broth cultnres incnbatted for IS boors at 20-22’ C whereas Past 
peslis is umformly non motile The greater npiJatr and limnance of growth 
of Past pset«f<5tu6ercu?<wi4 is u«inly very «tnkinv particnlarly if studied on 
notnent agar plates locobated aerobicallr for 24 bouts. Under lhe«e conditions 
Past pestis shows very «light confioent growth restricted to the fir^t line of inoco 
iation Single colonies are rarelr seen unless a strong reducing snbstance is 
present in the inocnlnni On the other band colonies of Pa^t psevdolubmvIo*»s 
reaching 0-5 or 1 mm. m diameter are nsnally evident over the whole plate The 
hremoTiha^c ^epticieima baeflb can be diffetentjated from Port pc^lts and Past 
pseudotubcrculcsis by their fermentation of snerose their production of mdole 
and then negative methyl red reacboo it mart be noted however that sucrose 
is fermented by certain «trams of Pa*l pseudotiibrrcvlasis According to Bngbam 
and Bettger {193 j) Pa^l pc«lis and Past p^eudolubfrculosis grow on potato at 
20" C while Pa’l sfptica does not Between the hTmorrhagic septicwmii strains 
of different animal origin, there appears to he no constant characteristic of diagncfc'tic 
value ilost workers therefore agree that these bacflli fam a single group though 
It appears possible using a careful technique, to make out antigemc differences 
between them. At present each member is given a specific name probably it 
would be better to chD them all by one «!pecific name such as PasleiireUa srpliea 
and to indicate the animal origin where necessary 

A group of strains in many respects leocmbUng Pasl seplioi but differing 
from It in others have been de-<;nbed by Jones (1921) Tweed and Fdington (1930) 
New«om and Cross (1932) and Eo«eDbn<5ch and Merchant (l‘>30) ThC'e strains 
are characterized bv the production of h^molvsis on I one or rabbit blood agar 
failure to produce mdole and non pathc^nvuty to mice and rabbits , most of 
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ttem appear to ferment maltose lactose, dextrin and inositol in addition to glucose 
mannitol and sucro«e It is \er 7 doubtful whether these strains form a true 
soluble hiemolysin , the clearing on a blood agar plate is insufficient endence of 
this If it should be pro\ed that a true luemolysin is formed, it may be necessary 
to diTjde the hsniorrhagjc septicienua group of organisms into a non hasmolytic 
and a hjemolytic sub group, and award each sub group a specific name 

We may note here that Bungal (1931) m Iceland, studying acute contagious 
pneumonia m sheep cultivated an organism which resembled the hsemorrhagic 
septicsemia group but differed from it in the following respects It was Gram 
positive in young broth cultures and tended to be definitely rod shaped 1-3 ft 
in length , it failed to grow at 22® C , m gelatm or broth , it grew on MacConkey 
agar , it fermented maltose , it did not produce mdole it died out in 2 to 5 days 
in culture at room temperature and it was pathi^enic to mice but not to rabbits 
or guinea pigs The organism was said to be non faaemol>’tic differing in this 
respect from the hjemolj^ic group of organisms described by hewsom and Cross 
some of which were likewise isolated from sheep suffering from pneumoma In 
Australia, Bcieridge (1937) isolated a bacillus aery similar to that described by 
Dungal, from sheep suffering from lesions of the digestive organs and lungs 

table: 60 
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> Peirsonal observfttionB oo a icIatiTely few streuia 


Fedorova and Lalazarow (1935) desenbed a Pasteurelfa like organism which 
they isolated from a spontaneous epidemic among nucemthe outskirts of Astrakhan 
The organisms were 1-2 ft long by 0 6 ^ wide. Gram negative non motUe, and 
capsulated Acid was formed m lactose, mannitol and dextrin and acid plus gas 
in glucose Sucrose was unchanged No indole was formed The organism was 
highly pathogenic for mice but had no effect on rabbits pigeons or rats injected 
by various routes It is doubtful whether this organism should he placed m the 
PasteureUa group 
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Pastetxrella pesbs 

Itdahen — Independently by iutasato (1S94) *ad by Yersm (IS94). 

Hahilnt — Parnate of rodenta and man. 

ilorphJogy —Small, straight, OToid baciOos, 1 5/i X 0 7//, with rounded ends and eonrex 
aides , arranged amgly, m ahoit ebams, or m small groups. Shows high degree 
of pleomoiphism, especially in baboes and on 3 per cent, salt agar , there la every 
degree of variation in depth of etamis^ and ctnbs, shadow forms, snate-hhe 61a 
ments, coccoid forms, yeast like forms, and cumerous others may be seen. Non 
motile, hvon-sponng In the aotmal body a troe capsnie may be formed , in 
enltnre media there la often a ehmy envdope aronnd each baciUtis. Shows bipolar 
staining, la Gram negative, and pon-aod &s( 

d jar Plate.— 24 hour* al 37® C Very small, 0 1-0 2 mm. in diameter, ronnd, listening, 
transparent, colourless, finely granular, ombonate colomes, with smooth or finely 
granular EOiface and an entire or debcately notched edge , difierentiated into a 
raised centre and a fiat periphery 

S days at 37° G larger, op to 4 rnm m diameter, with a raised, aametimea 
ringed, nearly opaque, greyish yellow centre and a flat or shelving, finely granular, 
translncent, greyish white penphery , consistency is Lutyrons or viscons, emnl«i 
fiahility easy , sometimes a secondaiy nng of growth is seen. Variant colomes 
occur 

Dttp Agar S^H . — Sdayrot 37®C itaxainiun growth at the surface, nmnerons round, 
transparent, colonrleaa. panetiform colonies, viable with a hand Icna, scattered 
thnnghont the medium. v 

Agar Strclt. — 24 hours al 37® C Poor, sbghtly msed, tnnshieent, grevub yellow, gluten 
mg growth, with a wavy or Irosted-gUss surface, and an irregularly lobatn edge. 
Growth increases very little with subsequent incubation. 

Gdatin Slab —7 days at 22* C Good, fitiform growth, cosfinent at top discrete below, 
extending to bottom of tube, and sometimes sendmg out little feathery projections 
into mediufli. Surface growth is meed, 5 niTn. m diameter, with a alightlv lobate 
edge. No Lquefaction. 

ProcA.— 24 hours el 37* 0 Moderate ^owth . Lttle or no torbiditv , a floocoUr or paw 
dery deposit not disntegratuig completely on shaking Later the flaky deposit 
mcreases and may crawl op the sides of the tube , a delicate sorfsce peUicIe often 
forms. If butter or oil is floated on the medium, stalactites grow down from the 
under-surface of the droplets. 

Lotfpers Serum . — 24 hours al 37* <7 Fairly good, confluent growth, better than that 
on agar 

Borse filocd Agar Pialc. — 2 days ot 37® C Colonies are timilar to those on agar but show 
less tendency to difierentistion and penphcral spread. No Inemolysis, whole 
plate u ali^tly deared and browned. 

Potato — 7 days al 23* C Usually a tbin layer of growth. 

IfoeConiey Plale. — 24 hours at 37® C Very eb^t, eSuse, confluent growth, just visible 
to the naked eye. Coloniea diasppiear sifter S or 3 days owing presumably to 
antolms. 

Pesisiance — Fairly susceptible to mimical agenoea. Eilled by diying in a day or two, 
by heat at 55® G. in 5 minutes l^ 5 per cent, phenol immediately, and bv 0 5 per 
cent, phenol in 15 minutes. 4gar plate cultures exposed to sun are sterilized lO 
1 to 5 hours. Cultures in the ice-che«t mav siunve for months. 

Ifftalolwm — \erobic, facultative anaerobe Peqmrealow 0 R potential for mitwtion of 
growth Opt temp 27-23®a, limits - 2® to -f- 45® C. Opt. pH 72, Imuta 
pH S'O-Qfi Forms alkali in broth Growth favoured sbgbtlv by serum, nmn 
fluenced by glucoee , partly inhibited by glyceroL No hemolysis 
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JJjoeRwnicoI — Ac5d, no gas, in glucoee, maltose, maniuto], sahem, arsbinose, lylose, and 
sometimes rhamnose and glycerol withm 14 days L M unaltered or turned slightly 
acid, Indolo — , MR -f*! VP — , Nitrates Nllg-}-, Methylene blue 
reiluctioa — , II^S very slight > Catalase -f-4- 
Anli^nic Sft-ueli/re — Appears to possess a beat labile eorelope antigen and a heat stable 
somalso antigen The somatio antigen is aunilar to one of the aomatie antigens m 
Past •pseudotahercvlosta Immune sera «ith protective and curativo properties for 
animals can bo prepared by mjeclion of horses "mth living or dead bacilli 
Pathogtnicily — No true exotoxin formed. Virulence subject to considerable venation 
Causes plague id man and rodents. Expenmental inoculation reproduces disease 
in mice, rats, guinea pigs, rabbita, marmots, ground squirrels, and other rodents , 
also in monkeys Dogs, cats, pigs, cattle, sheep goats, and horses are difBcult to 
infect Birds, nrith exception of sparrovs, are completely resistant 

Subctilantova inoculation of a 24 hours’ broth culture into a mouse or guinea 
pig IS fatal in 2 to day's PM necrotic local lesion surrounded by congestion 
and cedemo. Regional glands enlarged and embedded m bloody cedema , they are 
soft and orcrotio on section Spleen firm, slightly enlarged and congested, may 
contain nuliary, soft, grey nodulra , liver peppered with tiny necrotic foci Micro 
scopically, baciUi found m abundanco in local lesion and bubo , smaller numbers 
iR spleen and heart’s blood 


P&steuiella septica 

/(ofafiOR.— First member of the PatlnrtVa group isolated by Kitt m 1678 Past 
atiMpfien isolated by Pasteur id 1660 

Ilahtat ~-FarasUes of domestic and wild animab and birds. 

ilorphatogy —Very smalt, 0 7>2 p X 0 3-0 0 p. ovoid bacilli, with straight axis slightly 
convex sides, and rounded ends , arraoged singly, m pairs, or m small bundles 
In smears from the animal body the organisms are regular ovoid, and evenly 
distributed , on agar cultures they are more rod shaped and often show pleo 
morphism Non motdo, non-sponng May form a capsule in animal body, and 
an envelope in ortidciol media. Shows bipofot staining Gram negative and non 
acid fast 

Agar Plait . — 24 houn at 37’ C Round, 0 5-1 0 mm m diameter, low convex, amor 
phous, greyish yellow, translucent colomes, with smooth, glistening surface and 
entire edge , consistency butyrous , emulsifiabihty easy 

Sdaya at 37" C Up to C mm la diameter, diderentuted into a brownish, finely 
granular, sometimes ringed or stnated, nearly opaque centre and a clearer smooth, 
homogeneous, greyish yellow traasluccDt penphery 

Deep Agar Shake . — 6 days at 37" 0 Tinck enrface growth , numerous punctiform, un 
diSerentiated colomes scattered throughout medium 

Agar Stroke.— 24 hmn at 37® C ilodenle, confineot, raised greyish yellow, trans 
lucent growth, with ghstenmg wavy or beaten copper suiface and finely lobato 
edge. 

Gelatin Slab —7 days at 22® C Good, filiform growth, confluent at top discrete below, 
extending to bottom , raised surface growth 6 mm. in diameter, with crenated 
edge, no liquefaction. 

Broth — 24 hours at 37® 0 Moderate growth with alight turbidity, and a shght powdery 
or VISCOUS deposit lAter the turbidity tnoreases, and a heavy, viscous deposit 
forms, disintegrating partly on shakmg but leaving irregularly sized wisp-blte 
masses of growth in suspension. An incomplete surface pellicle forms with an 
inconspicuous rmg growth. 

Loeffler s Serum —24 hours a( 37® C Good confluent growth, similar to that on agar 
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BdTtt Blooi Agar Plate.~2 dags at 2^* C Good groirfh Bunilir to thst on agir, no 
h.'emolj^ but blood plalo is tbgbtlf cWrcd and browufd. 

Pc4a!a — 7 dajs at 22*C visible pwth. 

JfocCoBlfy Platf — 5 dam ct 37* C \o TV-ibk- gwrtb 

JUsidance . — Very snsoepfible to uumical agencies, killed by beat at 60“*G in a few 
minutes, by 0*5 per cenb pheticd in 15 minnte& 

MetaUJtsw — Aerobe, facnltatiTe an* 
. * . aerobe, ilay roqnje Jaw 0-R 

. potential on first i^ilation. 

• ^ ' , 7 ' Opt. temp. 37* C., limita 12*- 

, ' ' * 43*C. Growth UDiTOVid digbt 

*■*. * ItI^ serum, umnflDeaeed by 

,* floeoee, tligbtlT inhibited br 

\ . * “ ' , . ^rce ro L No b*mcJe«», bat 

. ■ . - .h' * i P- 

I* ^ „ tf' » • '. * • , - fiordnuirol — Acid, no gas. in ^ucoee 

»** .'i» maaniUj, sneroee, and sorbitiiJ 

\ ' »'«*“•« * » • ~ wiilun 14 daro , OsJe type forms 

» • • * i • ' aeid in maltose. Some straim 

• - prodnee aetd in arabinoee, 

*♦ .•* •,.** zrkise. and glroeroL LALon- 

•»*v” » cLaajrd , Indole -t- , ILR.*— . 

2 ’ %• , VJ* — , 'Nltralea redoeed, 

* "VEtj Tetv tligbUr 4- , SLR 

TedocbcD — *}* , BfS , Chta 
Use-l-+ 

$tnidtn.^Af least two 
tvp e a distiQgaisbabk br agglaonation Probablr erne eareJoye antigen, but mow 
than CM rosutie anugen. Specific sen ag^otmate Put p)estMaadroit,psnid<>- 
tiibeml»u to a certain extent. Immnne sen with proteetife and cmtmjyopertiee 
for *Tiim«.L can be prepared be sfijectKiQ of bcir<>ea with tinng or dead badQi. 
Pttkag'^talg — No true exotoxin prodoced. ’nroloice subject to altentioo. Causes 
fowl cbolm U) birds. Other members of this group produce bam ii TT h agie septic 
smia m pigs cattle, abeep, rabbits, mice^ nta, mndeer, bufialoes, and other 
animals. Experimental inoculation reproduces the disease u these animals. 
Aaloriaawxa inoculation of a Sf-hours'brotb cnltme into a mouse proTes &tal in 
IS to 72 boms. PAL local mdetca and congeetioa , often no other signs , micro- 
scopicaUj baedh pneent in utmavas smnben in Uood and vucer^ li a small 
dose u giTM and the animal does not die for 4 to 7 dar*. there u often a fitnoo* 
purulmt p«icarditis, a larer of fibnn oxer ihs pkma. and partial consobdatton 
of the lungs. Bacilli are nomeroas 10 blood and organs. 


Fiq 161 —PaMnrelh w/lm. 
aagarcnltve 54 hoon. 37*C.(x lOOd) 


P&stcareSs pseodottibemlosls 

Synonym. — B psfvdotvbmvlarn ndtutixm, 

Isolalion. — First obserred by Malassea and Tignal in 1SS3, named £ po'addttfrrtidosu 
rodentium by Pfeiffer (IS'tO) in ISSft, 

RalohL — Parasite of rodents, paiOculaily gmoea pig^ 

iltsrfhcloyy — SmaU, pleomorphic cocco-baaDiis xarying greatlr in length and shape 
‘tome strains eonast of regular OTOid or eoceoid organisms, O-S-2'0 p X 0'S p, 
with convex aides, rounded ends, and straight axis, arranced singly Otherttrams 
coiis.st of rod-shaped orgaiusms, 1 5-54) p X p, with parallel sides, rotmded 
eniL. and straight or emred axis , ananrtd smglr in groups, or in short chains. 
Long curved filaments are not uncommon (Fig Ifi^J. Motile in broth cultures at 
22® C. Non-eponng. Non-tajsulsted. Ovoid forms show bipedar staining, rod 
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forms ehoif great irregufanty ofstsimiig, tlia barred and granular type of staining 
IS very cotumon Gram nrgatiTp and non acid fast 
Agar Plait. — 24 hovrs al 37“ C Hound 0 5-10 mm in diameter umbonate, granular, 
translucent grejnsli jtUow colonics with dull finely granular or beaten 
copper surfaeo and entire ed^e , butyious consistcnc> , easily einuLifiable , differ 
entiated into a raised more opaque centre and a fiat, clearer periphery with radial 
stnation \ rough Tanant 
with an irregular surface and 
a crensted edge also occura 
Dtt-p Agar Shalt, — S days at 37* C 
Heavy surfaeo growth. Ko 
colomea beneath Surface 
Agar Sfrole. — 24 Aoiirs al 37® C 
Moderate, confluent raised 
grejush jcllow translucent 
groivtb, with ghstening wavy 
or bcatcn'copper surface and 
an irregularly lobate edge 
Gdatin Slab —7 days at 22® C Good 
fihlorm gron-tb, conduent at 
top, discrete below, extending 
to bottom o! tube. Raised 
surface growth, S mm in 
diameter, with finely lobate 
edge (>0 Iiquefaetioo 
Broth — 24 hovrs at 37* C Moderate 
growth without turbidity and 
a Tiseoua deposit dismleg 
rating on shaking I,ater the broth cleats and a heavy flocculo membranous 
deposit forms partly diamtegrating on shakiog Incomplete surface and ring 
growth. 

Loeffler’s ifierum — 24 hours al 37® C Confluent growth not so good as on agar 
Horse Blood Agar Plate — 2 days al 37* C Good g^wth but colomea are mote compact 
and^ssdu7en.ntiafed tfisnonagar \o Awmofysis whoAjpfaterssfigfitj'ycAMrecf 
and browned. 

Potato — 7 days al 22* C A thin yellouiab tnemlwane which subsequently terns 
brown 

ilaeConlty Plate — ^24 hours at 37®C \ery slight effuse confluent growth. Colonies 
disappear after a few days owing presumably to autolysia 
Resislanee, — Fairly susceptible to loimical agencies. Killed by moist heat at 60 C in 
10 mmntes 

iletaldlism- — Aerobe, faciiltatue anaerobe Opt temp 30“ G, bmits 5-43“ C Growth 
umnfluenced by serum and glncose sbghtly inhibited by gljceroL I«o h»mo 
lysis 

Bi chemical — Acid no gas in ghicoae maltose rnaiwiM, sahcin arabmose xylose 
rhamnosc and glycerol within 14 days BOmetuoes in sucrose L HL usually sbght 
alkali formation , Indole — , M R + , VP — , Nitrates -f- , NH, + MB 
reduction -f — f- , HjS -t- Catalase -t — f- 

Anligenie Structure — Apparently contains (1) a heat-Iabile flagellar antigen which la 
formed only in cultures grow n below about 25® C , (2) a heat stable somatic 
antigen similar to that of the pbgiie bamllus (3J a heat stable somatic antigen 
similar to that in Salm paralyjAt B (4) possibly other relatively strain specific 
somatic antigens A plague emim does not protect ammals against infection 
With Piwf jiseudotubcTOulosis 


■V 


Fio 16* — PaeteuTtlla pstudofvbereulotxs 
rroQi an agar colture 24 hours 37* C ( X 1000) 
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Pafhogtn aty — ^Nolrneeioloimlormed. Tinilencefnbjecttoillerst on Caiues peeudo- 
tnberculosjs in rodents wpecallT guinea pgs Eipcnmental moculation repro- 
duces the disease in rodents. ‘^uLcntaneoiis inject on of a f24-hour broth culture 
into a guinea p 6 pro es fatal in 1 toSareAn. PM caseous local «ireliing enlarge- 
ment of regional glands and nod lies in spleen liccr and lungs. SDcro«<op tally 
the bacilli ate numerous in the local lesion and gland. 
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CHmEB 33 

H^OPHILUS 

DErormov — H^emophUm 

3Cnute rods, eom^tunn almost coccal, sometimes tliread like , ms; be tugUj 
pleomorpbie. Usuallj non motile >on sponng Gram negative, nOQ*scid fast. 
Onfintisblation dependent for grosrthonsoaie&ctoTiOTfiseton contained m blood 
or m plant tisanes Some species retain this dependenoe after prolonged cttlUrahon 
on laboratory media. Some cpeeiea are obligatory aerobes, or grow Teiy poorly 
under anaerobic conditions. ^ known species appear to he obligatoiy parasites, 
mbsbiting paiticolarlv tbe upper respiratory tract , and most of the described 
species or types are pathogenic 
Type species. B mjiuenzee. 

Sjscz the isolation and descnption by Pfeiffer (18D2, 1893) of tbe bacHIoa trhicb, 
tboQgb not the pmnary cao^al organism of infloeam, is closely asiociated with that 
disease, several other small Gram negative bacilli hat e been de'onbed, which share 
with It certain characteristic growth requirements In their final report os 
classification and nomeaclatore, the Amencan Committee (see 'Winslow et a1 
192C)1 gronped tliese species together under the generic name of Ilamcphtirts The 
generic dedmtioa suggested in the Committee’s report opens the door more widely 
than insistence on a close suniianty in behn-nonr to the type species would allow , 
and such species as the Bordet-Gragou bscillns of whooping cough, the TIorax 
Axenfeld bacdlns of aagular conjunctivitis, and Ducrey's btcilioa of soft sow, have 
been mcluded, by certam writers withm this generic group Such an extension of 
the term hsemophihc baciUi,” whether in the form of a genetic name or as a 
convenient appellation for a characteristic bactenal group, has been opposed bv 
Enstensen (1922) and by Fildes (1923) It seems clear that their objection is valid 
if the character from which the name is derived is to retain a decisive differential 
significance. To inclnde all the species referred to, it would be necessary to define 
the genus on some other basis, with a sub-group characterised by the particular 
growth requirements that B in/ucnz<r displays. There is no reason why we 
should cot do this 

The two most importaut growth factors in blood which determine the tamo- 
philic nature of Pfeiffer s baciQos have been identified, the one as a co-entyme, 
the other as an iion-contaimog pigment which presumablv supplies the tetia 
pTiTole compounds necessary for the synthesis of cytochrome and related snb- 
stanceo (see Chapter 3) But if wc confine the term hsmophibc bacin» to strains 
that need one or both ofthese substances for growth, we may bo excluding organisms 
which can synthesize the growth factors, but which are nevertheless closely related 
iloreover the existence of orgamsma which synthesize smaD, snboptunal amounts 
of these growth factors provides a lioh between the definitely hainiophihc bacilli 
7S6 
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nnd tliose, like the bicilliis of wtooping cougb, for wliich the growth factors are 
not cssentul as nutrients 

'DiK'Tcy's hicjJIus in an> event is h-omopluJifl on the mrmrer definition, but 
it IS doubtful whctliet the hlorax Axenfdd bacillus would be included lu this 
genus by any such redefinition, and we ha^c therefore described it m Chapter 37, 
together with others that cannot at present be assigned to any named bacterial 
genus The Bordet Gengou bacillus cannot, we think, be dealt with in the same 
wa} It resembles /T tK/ueitrm so closely in morphology, in habitat and in many 
other ways, that it would certainly be placed m clo«e association with it by any 
systematic definition that did not rely exclusivel) on a narrow nutritional criterion 

Itt 1911, Ferry m the United States desenhed a short haciUns that he had 
isolated from the respiratorj tract of dogs m the early stage of distemper , to 
this organism he gave the name of Bact/lus broac/iicams A similar organism 
bad been described as early as 1396 by Galli Valerio, by Tartskow sky (1897-98) 
in 1893, by Slrada nnd Traina m 1900 as B pneumomce caitarum by Martini 
in 1900 as B puf/nonum ^lutinosiis, and bj Seller m 1006 as B caitsepficus iito6i?is , 
Ferry, howcier, was the fiT«t to study it fully Later Ferry (1912 1912 13) 
found the same biollus la a guinea pig epizootic, and m monkeys and rabbits 
he therefore changed Us name to B irwicAt«pficus This organism has in recent 
years been included in the Bnicella group, whose type species Br mehiensts, it 
icscmblea lu both individual and colonial morphology, and in its inability to 
fcrtiieufi carbohydrates ITonever, the conspicuous degree oFautigeoic similarity 
between B broiic/iwepOeus and H ptrlussit that has become evident in the past 
seven years demands a reconsideration of its classification Antigenic relation 
slijps alone do not establish a taxonomic relationship, but is this case other resem 
blaiices arc sufficiently good to warrant provisional inclusion of B bronchsepicui 
m the group contaimng // pertussis Thus, B trowhisephais produces in gmnea 
pigs lesions similar to those produced by U pertussis in rabbits and puppies (Smith 
1913, Mallory and Hornor 1912, Mallorj Hornor and Henderson 1912) Both 
// pcrCiims and S bronchsejittcus arc natural pathogens in the upper respiratory 
tract, and, according to Ilbea (1915) B hroncAiseptictis lesions m rabbit Jungs 
are similar to the lung lesions of human whooping cough And finally tbe 
general cultural resemblances between // j>erlus$n and B brojichuepheus are as 
close as those between B browiisepticus and Br meUtensu (Chapter 34) We 
have therefore provisionally juclud^ both the Bordet Gengou bacillus and 
B bronehiseplicu3 in the genua, and have emended the generic defimtion accord 
ingly (see Lwoff 1939) It should, however, be pomted out that B hronc/asepticws 
grow3 very much more readily than any other member of the Hremopkihi^ group — 
so much so that it has been classified by some workers with the paracolon bacilli 
Such a difference, taken together with the free growth on plain nutrient agar and 
the possession of motility, rendera the classification of this organism m the 
II(tinophilu5 group necessarily tentative 

Morphology — H vijluemce, as onginally described by Pfeiffer (1893) and as 
most commonly seen m strains recently isolated from cases of influenza la a short 
rod, BO short as to be almost coccal It is very small, 1-1 5 /i by 0 3-0 4 /i, with 
rounded, sometimes rather pointed ends In some cultures these cocco bacillary 
forms are the only forms seen More nsnany, among these predominating short 
forms, are found a proportion of loi^r baciUi, and a few long thread forms In 
other cultures, tbe cocco baciUi may be relatively scanty, or altogether absent , 
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and longer and somewhat stonter tods may predonunate Other strains, again, 
may present an entirely different picture, the Iracdli being thin, long, wavy or cmved 
and sometimes lying together in tangled outsses In films prepared from strains 
showmg any of these diverge morphological types, but especially those which 
show some proportion of thread forms, it ucot unusnsl to encounter large, spheneal 
swollen bodies, often attaining a diameter of 2-3 ft, or even more These are some- 
times attached to the end of a thread, sometimes laterally, and sometimes appar 
cntly at the end of a short lateral stalk (Wade and Manalsng 1920, Knstensen 1922) 
Another form which is occasionally met with consists of a long thread with an 
enormous fusiform swelliDg, situated centrally or towards one end 

This morphological diversity raises a problem of considerable difficulty from 
the pomt of view of classification. Any one of the types we have referred to may 
predominate m a single strain , and two strains may yield a microscopical picture 
so different that it is difficult to bebeve that we are dealing with a single bacterial 
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From 34-lioiir9’ culture on FUdes egar, 
tbowmg tTpu&l cocco-baoU&Ty tonos 
(X 1000) 


l' 


Fio ICl . — B tnfivema 
Froa 24 boon culture on Filclee agar, 
tbowiog short and long baclUatv tonus 
(X 1000) 


species The only test of the real sigmficanee of such morphological differences is 
their constancy , and this test is not so easy to apply as might at first sight appear 
It IS qmte certain that many strains maintain their morphological individuahty 
over long penods of artifiaal cultivabOD, involving numerous succeasive snV 
cultures , and Dible (1924) regards the«e morphological characters as sufficiently 
well differentiated and sufficiently stable, to justify the recognition of several 
different varieties, or types Many oi those who have studied this group, on the 
other hand, have rejected morphological cniena as a basis of classification within 
the group, on the following grounds Ifalaigesenesof strains is carefully examined 
the variation m form la not found to be discontinuous. In a email sample of strains 
it 13 easy to obtain an appearance of discootmuity ; but, unless one classes all 
strains which depart from the typical coceo-baciDary form in a single heterogeneous 
group, it is not possible to define a lunited number of morphological categoncs, 
to which all strains can be defimtely assigned. Between the minute, short bacilb, 
and the long tangled threads, there exists a long range of intermediate forms More- 
over, while some strains are morpholc^ically homogeneous, others display, in the 
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same culture, a hetcrogeneoua nuxture of cocco bacilb, rods, and long tlireada 
Finally, though many strains retain theix morphological characters unchanged for 
weeks, months, or longer periods, others show quite definite changes in form after 
a few cultures WoUstein (1915) has noted the frequency with which the cocco* 
bacillary type acquires the power of forming threads in artificial culture , and there 
has been a very general tendency to discard the old conception of a para influenza 
bacillus, differentiated on purely moipholognm! grounds (P/eiffer 1893), in favour of 
the tentatne view that such differences, unless associated with other well marked 
characters, must be disregarded by the sysfccmatist (Knstensen 1922) Smith 
(1931) records a careful study of a senes of strains isolated from the human naso 
pharynx In almost esory instance morphological variation occurred after a vary 
mg period of cultn ation m artificial media, the moat usual change being from 
the short cocco bacillary form to fongcr bacitb, or to curved or jointed filaments 
This change was in general associated with a change in colony form (see below) 
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Fw I$5-— iT infinenta 
From 34 bom' culture on Fildro* agw, 
at^pinti form ghoinag Joag; carved 
biwallary forms (X 1000] 



Fio 106 — ff influtmce 
From 24 boars' calture on Fildes agsr 
ebo^ag fbreaci fonas, aad large apbencsl 
bodies (X 1000] 


There 13 general agreement that it is possible to make a rough classification of 
strains into two groups, “ typical " and “ atypical ” on the basis of morphology 
alone , and there are indications that, apart from certain strains isolated from cases 
of menmgitis (see Cohen 1909, Ritchie 1910, Henry 1912, WoUstein 1915) the 
typical morphology predominates among atiams isolated from pathological con 
difions The studies of Pittman (I93J) which will be discussed more fuffy in 
relation to the problem of antigenic stEucturc, have emphasized the possible 
importance of this distmction Bnt the evidence at present available suggests 
that typical and atypical morphology are associated with a change presenting many 
analogies to the smooth “trough type of vsnation, rather than permanent char 
acters serving to differentiate stable varieties or types 

The o^tiisnis of this genus Anm no spores and are, with the exception of 
ff broiichisepficws non flagellated Theyareusually described as non-capsulated, 
but since Pittman’s (1931) description of* ‘smooth ” capsulated form of virulent 
ff tnjluenzw it is now clear that capsnlabon is not an uncommon feature within 
the group 
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B tpfuenyx etains with some diffiraltj^smd many of the onHaary ba<^erioIog^l 
djT3 are unsmtable for Ih^ parpcfc^. DUnto carbol-foehsin appL^d for 5 to 15 
nunntes BsnaDr girts satrfactory lesalts. AH sp-cies wnim this g^acs are ftanily 
Gram n'g:atire and con acid*fest, • 

It may be added that It i3 impos^lc to drCerentiate any giren strain cfff. p«T- 
/it#r« from B. injfufttzft oa groocds of nwrpholo^ aloae If, however, lame 
ramp’es of strains are compared, certaia modal diSerery^ may be observed. 
B pcTiaftu displays a more constant morphol<^ than B, tfijiv^nzc, and tbe*? is 
a mailed tendency towards ti» predominance of the short ova! form of cefl. 
Longer bacOIaiT or thread foma may occnr, fcnt they are relatively nncommon- 

Cnltcral Characters. Growth Beg m re m ents. — Since certain nntririoa^ reqmre- 
laents prondo the cntena by which thn. g^as ha* defined, acd also the basis 

on which many of the £p«i« inclod<*d within it are diSerectiated from one 
anoth'*r. It will be convenient to di*cistithu aspect of their behavjocr before dealing 
with their typ® of growth, enrymic actmtiea, antigenic s truc tu re or pathogeniaty 
The mo^ charactedstic feature of tie hjmophfljc baciDi is their fa3iire to grow 
in the absence of certain factors which are prt«<Et in flood. Tie abdity of the 
inSnenza baoUns to grow on blood agar, and its inatiEty to grow on agar, with 
or without tie Edition ol kteju. or other natrve protein, has teen noted by aS 
worteis fronHeiSer rrawards, 0rassl«Tger(|£S7) describ'd another phenomenon 
— that of fiatellrtisia — which b highly diiactenrtTC of B. ixfvfva In cnltn« 
oa blood agar plates, etrested with Fpstnm or with bronchi^ secretioa, he noted 
the appearance ol relatively large colonies of the infis^nrabaeillcs, with a eUghtly 
gca&nlai oentsal po7ti<}n. Theselatg® colomes{lraa.ersncre iadaice‘«s)alway* 
developed u the immediate vicinitT of s colony of staphrlococens. Studying 
phenomenon IB gR3teTdetaI],Grasst«rgrr«treahed agar plates with a rnfpensioD of 
B tnfvfUKg mixed with a small quantity of blood, and then inoculated the central 
portion ol the plate with a trace of a pure culture of SapA ovmi. After 
24 Lours' incubation fuch plates showed a well-defined sone of colonies of 
E infuenzce, furroundins each colony of rtaphrlococnij. A rmilar result waj 
obtained with Siaph. aU^dt, S’aph. ci/rw, and cenala other chrooogenic 
micrococci. These observations have been repeatedly conSnasd (se» Davis 1P2J, 
Kr^ensen 1922, and Fim 157). 

The inahSity of E. injfuenitr to grow on serum agar indicatea that some con- 
stituent of the red cells is essential lor growth ; and it was at Erst assumed that 
this constituent was hemoglobin itselL More detailed 5*udy, however, showed 
that th® addiccn to an agar medium, prepared with water or with peptone solution, 
of pure crystallised hsmo^obm does cot suCce to ensure growth (Ghou and von 
Iheyss 1904, Thalmser 1914, Davis 1917, OlsealSSO.Iildes 1921) Itwocid appear 
fFildfs 1921/ that ti® growth pronwtiEg su&tance cfenVed from the £''ood p^mcct 
IS metbsKBo^obin, or hjematin, rather than fcanso^ohm itselL Tlipma tin is mrre 
active in this respect than the other denvativ« which Lave berts tested ; whS® 
hsmatopoiphyna u inactive (Tildes 1921) Th®re Is, however, another factor 
which comes into play, besdes the p’ts^cce of some suitable iron-containing pig- 
ment. Davts (1917) showed that B. ii>fvnca required for its growth the presence 
of two distinct substances : one costjdn»d in, or derived from, hjemc^lobin ; tb® 
other preheat m the tissues of vanoos |dants and animats, and syntheslred by 
most bacterial species other than B. tn^veftzts This second factor be ntened to 
a Titamin. This «ub<taiice, a= compared with the factor provided by blood ^ment. 
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IS relativ ely tiiermolabilc ; it la inactivated by heating to 120’ C for 30 minutes 
Both substances are present in, blood The label “ X factor ” is generally applied 
to the substance present in blood pi^ents, the hbel “ V factor ” to the relatively 
thermolabile substance pro\ided by animal or vegetable tissues or by most bacterial 
cells (see also Thjotta 1921, Thjotta and A^ery 1921, Davis 1921, Fildes 1922, 
1923, 1921, Kristensen 1922, Valentine and Rivers 1927) 

Pittman (1935) brought evidence to abow that V factor was closely concerned 
in oxidation reduction processes of the growing cell With regard to X factor, 
early observations (Olsen 1920, Fildes 1921) suggested that its growth promoting 
actiMty was correlated with its ability to act as a peroxidase , but not all peroxides 
promote the growth of 7/ inj^ucnzo-, and certaio icon compounds without peroxidase 
activity will act as X factor (Baudiscb 1932) All such iron compounds that have 
been tested in this respect have abown catalase actmty (see Davis 1921, Webster 
and Baudiscb 1925, Bourn 1927, Baudiscb 1932, Kmght 1936) II tnjluemai 
grows poorly under anaerobic conibtions, but Kopp (1927-28), Eitund (1929) and 
Anderson (1931) have recorded the anaerobic growth of certain strams In these 
conditions, the organism grows in tbe absence of X factor These facts together 
suggest that X factor is closely associated with the aerobic respiration of the 
bacillua 

It IS now apparent from tbe work of the Lwofl's (LwofI and Lwoff 19370, 6, c) 
thatV factor IS one of two co dehydrogenases, di-and tn phospopyitdine nucleotide 
(see Chapter 3], and that the X factor is hsennn, which, they conclude, is normally 
utdized by i7 in/u'nr^rforsynthesisofcjtochrome, cytochrome oxidase, catalase 
and peroxidase 

These observations cfearly provide an explanation of the satellitism described 
by Qrassberger The staphylococci, and many other organisms of greater synthetic 
abibty than the btimophilic bacilli, synthesize tbe co dehydrogenase, which diSuses 
into the medium and stimulates the growth of baciUi that require it They explain, 
too, the anaerobic growth of H itifiuenza without the help of X factor, since in the 
absence of molecular oxygen there is no need for that part of the cytochrome 
system which protects tbe organism against the inhibitory effect of oxygen (see 
Chapter 3) 

It should bo noted that Hoagland and his colleagues (1912) have found in 
blood an unidentified factor wbch stimulates the growth of II injluenzw in the 
presence of optimum amounts of X and V factors 

Among the species included within this genus, besides II injluenzce itself, are 
(1) the bacillus associated with ccmjnnctivitis, described by Koch (1887) and 
Weeks (1887), and commonly known as the “Kocb Weeks bacillus”, (2) the 
baciU'ii isolatsyl by Vxiedbergex (1903) Ccona. the pcejuce of dogs, named by him 
B hamoglobinophlvs cams now haovaH^ H cams, (3) the organism isolated 
by Shope (1931) (see also Lewis and 8hope 1931) from swine influenza and named 
by him II xnjluenzce suis , (4) the causative organism of whooping cough, described 
by Bordet and Gengou (1906) and named by them B ptrtussxs, now known as 
II pertussis , (5) the cau«ative organism of soft sore described by Ducrey as the 
probable cause of soft chancre (see Cliaptec 79) and named II ducretjx by Lwoff 
and hi3 colleagues (Lwoff and Birodiy 1937, Lwoff 1939) , (C) tbe bacilli described 
by Rivers (1923a) as 11 para tnjluema, associated with acute pharyngitis and 
bacterial endocarditis in man , and (7) the causative organism of broncho pneumonia 
m rodents and dogs, described by Ferry (1912-13) as B bronchiseptxcus and ngw 
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named E bronch^ephevs The nntntumst tequirements of most of theso species 
hare been studied m some detail by ranoos observers with results that may be 
Bominanzed as follows 

"With regard to the Koch VTeeks baallna the statements in the literature are 
somewhat contrad ctory (sec Kti3ten«en thus, some authors have stated 

that this organism grows on ascitic agar and hydrocele fluid agar Later studies 
by Fildes (1923) and by Knorr (1924) however show quite clearly that th^ 
strains isolated by them from cases of maco-pnralent conjunctmtis, behaie 
in exactly the same way as B \npietws and require both the X and the ^ 
factor 

B cams is nnable to ^thesue the X factor and is therefore dependent on 
hiematm or «ome similarly acting substance. It can however synthesize the 
\ factor and hence it does not show the 
phenomenon of satellitism but can itself 
induce the formation of sateUite colonies 
of E %r<jixien-CB (see Fnedbcrger 1903 
Krage 1910 Odaira 1911 Rivers 
Knstensen 1922 Fildes 1923 lalentine 
and Rivers 1927) E iiertyx resembles 
B cams in its growth lequuementa 
(Lwoff and Pmxsty 1937) Khairat 
(1910) has defiled a hamoplulic bacd 
las from a hnman endocardial les on 
having the same X and V factor teqmre* 
meots as B contt 

n xnfuen-Ji-tuts requires both the 
X and I factors for its growth lesem 
hling ts this asm almost all other respects 
the human influenna bacillas (Lewis and 
^hope 1931) 

E para-*TtJluen~a requires A but not 
X factor for growth It shows the 
phenomenon of sateUihsm. B pertussts 
and E troncXwf/rfieuj differ from the 
other species within this genus in being capable of growth in the ab^nce of both 
the X and I factors. For primary isobtion of B ptrtuisxs Bordet and Gengou 
(1906) employed an agar medium containing blood glyeenne and potato extract 
and this medium with vanous minor modiScatioas, is etiD Uaed for this purpose 
Even on first isolation E pert »«n and B in^uCTUir diow differences in then 
nutritional requirement* The former grows well on media containing large 
amounts of blood and vegetable extract poorly on mrfia containmg the X and 
% factors m the ab«ence of other blood or tissue constituents the latter grows 
better on Fildes or Levinthal s medium than on media of the Bordet-Gengou 
type (see Gcndel and Schluter 1933) On suhcultnre m the laboratory 
these differences become more marled B pertusjw can readily be trained 
to grow on serum agar and with slightly more diBculty on ordinary agar 
There is howeier general agreement that on such media the or^nistn rapillv 
loses Its natnral virulence (see below) These relit ons are cleirh ehown m 
Table 51 
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It may be comcnient at tbis poml to indicate the various media that arc. at 
the present time emplojed in the study of the hscmophilic bacilli 

Onlinaiy Wood agar la by no means a satisfactory medium from this point of view- 
far better results are obtained tnth media in vrhich tbo red cells have been broken up 
and their modifiod contents distributed throughout the medium The veil known clioeo* 
late * agar, prepared by adding blood to molted agar mismg tbo mixture to tbo boding 
■point for 3 minutes and then preparing alopes or plates from the cboeolatc coloured mass 
15 a considerable improTement on the ordinaiy blood agar plate, but it shares the dis 
advantage that the medium is opaque 

The medium devised by Lonnthal (1018) bas (he great advantage of being colourless 
and ttansjKircnt. It is prepared by ad ling 6 per cent of dcCbnnatod rabbit or human 
blood to melted agar in a flask and raising it to the boding point over a flame with 
several shakings Tbo prccipitoto of oosgulated btood and scrum protein u nUoweil to 
settle, and the clear supernatant fluid is carefully decantul, or ma} bo filtered through 
stenlc glass-wool Tlic medium may be for eafetj stenUred by a further short healing 
but must not be 8uhject<>d to prolonged stcnbzation m tho steamer 

Fildes (1020) has intnxluced a peptic digest of btowl which is preservcil with chlorofom) 
snd may be added to broth, or melted agar as inquired This medium which is (runs 
parent and has the colour of ordinary broth or agsr. givca copious growths of // in^ucn if 
and inlubits tho growth of mnny other organisms. It la admirably suited for tbo primary 
i<olation of tho influenza bacillus. Tbo abdily to support tho optimal growth of ba?mo 
phdio bacilli is not a properly of blood from aU species of animals her example on 
borw: blood media, II jxrtusnt loses its smooth characters more readily tlian on media 
mado with human or sheep blood fToomey and Tnkaca 1038) Tho influenza bacillus 
mar bo eien mciro snswptibfe to opeetof rartttiwiM m bhot} Thai hfumiriedo and 
Kuttner (1038) deecnbo tUcnnolabile sobstAnecs inhd iting the growth of // tnjlutn-o! 
and // para in/uen-ce in sheep goat, bovino and human blood but not in the blood of 
the rat, rabbit or gumea-pig 

For pnmary culture from such s eonreo os the nasopharynx ailvantaco may bo taken 
of the selective action of penicillin whi^ inhibits the growth of Cram positive cocci sml 
ofdiphlhcroil bacilli lilt has almost no action on// or I! prrtamt (sec Cliapter 

77) 

^lith regard to other conditjoiM of groirtli the optimatn tempemtun? for 
II »fi/?£/e/tr<risin theneigblioiirboodofSI^C, The minimal Irnifwriture for growth 
lies between 20* and 25“ C The Mine conditions hold for other hiemoj hilic I acilli 
There is general agreement that // ii^urn*® grows far better under aerobic than 
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under anaerobic conditions. Statements with regard to its ability to develop 
nnder strictly anaerobic conditions arc somewhat contradictory {*ee Knstenscn 
Fddes (19^1) states that B tnjluen-a gives good ini lal anaerobic growth 
on a suitable medium but quicLIv dies out 

Cultural ReacboQS I^pe of Growth. — ^The type of colony given by JI tn/MCK.'r 
on «ohd media vanes widely with the hind of medium emplored. On I lood a**ar it 
forms tiny transparent pm pomt colonies sometimes flat and tendmg to become 
confluent sometimes more convex and with less tendency to confluence On a 
more favourable medium such as Levmthals agar and especiallv Hides agar 
the colonies are far larger After 24 hours* incnbation they attain a diameter of 
0-5-0 8 mm They are circular in outhne lai^ and dome-«haped with a slightlv 
splayed-out entire ed*^ The surface is usually smooth the colour is tmns 
lucent there 13 little differentiation and the growth cmulMfies easily (Fif^ 16*^) 
On further mcubation, and in many cases donng the Br«t 24 hours of growth 
the colony becomes differentiated into a centra] portion xnth a granular or con 
toured surface an intermediate flattened portion, and a si aiplv bevelled penpherv 



with a narrow splaved-out edge Between the 24th and 4^th houia there is nsuallv 
a considerable enlargement of the colome* wfucbmayattainadiametero' 1 15mm 
This increase m size results in the formatioa of a flatter colour returning a rased 
central boss sometimes smooth sometimes granolat or contoured (Fic 169) Sime 
colonies may be from the start flatter and more gtanular others mar remarn 
raised conical and smooth with little central differentiation Knstensen (1922) 
lays considerable stress on such cdorurf differences c peciallv tho^ which develop 
on blood agar and apparently regards them as more important than ceUuIar differ 
ences in morphology m distingimhing tvpical from atvpical strains. Smith 
(I'tSI) in the study referred to above noted a defimie but not absolute correlation 
between morphology and colonv form The mo'phologicaHv tvp cal •drains tended 
to give on Rides arar smooth colonies with little differentiation The morpho- 
logically atvpical strains or variants tended to produce a more granular colonv, 
with earlier and more considerable differentiation 

The smooth strains described bvRttman (1*Q1) have distinctive colonial 
characters Levinthalsagargivesratherbetterdifferentiationthanrildcs Smooth 
strains give relatively large colonies sometimes attainmg 3 mm. in diameter They 
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are sbghtly opaque, and vuewed by obbqnelj transmitted light they are iridescent 
Thw indescencc is, perhaps, their most characteristic property The surface is 
smooth and sbghtly mucoid m appearance The edge is entire 

These “smooth*’ strains arc desi^bed by Pittman as readily giving rise to 
“rough” variants producing colonies of vatjring granularity and differentiation, 
the organisms composmg them being m the form either of short bacilb, or of 
longer rods or threads The rough variants were never capsulated 

The relation of Pittman’s “ smooth ” strains to the strains isolated by other 
workers from infective conditions, or from the normal respiratory tract, raises a 
problem in terminology which la at the moment difficult to solve Her observations 
ha\e been confirmed, in whole or lo part, by several subsequent workers, and there 
can be bttle doubt that the strains she has differentiated correspond to a form of 
S injluenzm that is frequently associated with acute infections m man If, however, 
we accept Pittman’s colonial differentiation as a criterion separatmg “ smooth ” 
from “ rough ” strains, we must mclude among our “ roughs ” many, probably the 
majonty, of those strains that give, on Fjldes’ or Lcymthal's agar, colonies of the 
type that earlier observers had generally regarded ns “ smooth,” and that consist of 
morphologically typical cocco baciUaty organisms These difficulties may be 
resolved if we accept three forms of B tnfuema, the mucoid capsulated M form 
with a characteristic specific soluble substance, an S form without a capsule, and 
R forms (Chandler, Fothergill and Dingle 1937, 193&) (see p 799) The balance 
of evidence is, we think, m fav oni of acceptmg Pittman’s nomenclAtuie, but this 
question will be discussed more fully in relation to antigenic structure 

B cants forms colonies that arc at first indistinguishable from those of B 
ttifluensce, but as they grow older they become la^er and distinctly more opaque 
H pertutsis, when grown on Bordet Gengou medium, also forms colonies that, 
durmg the early stages of growth, may resemble those of R injiuenta But when 
incubation is prolonged beyond 24 hours the colonies become larger, more opaque, 
and grcyishm colour, a form that laneverassumcd by fl injiutma Theyatealso 
smoother, more shining and more distinctly dome shaped The combmation of 
shghC opacity, grcyness of hue, and shiniug surfiice, gives them an appearance that 
has not inaptly been compared to that of a bisected pearl They have also been 
compared to drops of mercury , but this overstates their metallic appearance 
A confluent row of colonies has been compared to an “ aluminium streak, ’ and this 
simile agam is not inapt As already noted, B bronchisepttcus grows much more 
readily than other members of the group, forming quite well developed colomes 
on plain nutrient agar within 24 boms 

In liquid media, such as Fildea’ broth, the majonty of strains of B tnfiuemcB 
gne ZIS9 So a aoifona SurhidiS}’, wjSh or wstboat a powdery deposit Some, 
on the other hand, give a fiocculest deposit, with a varying degree of turbidity of 
the supernatant fluid There is, as would be expected, a correlation between 
morphology and type of growth m a flmd medium Cocco bacillary strains giv e a 
uniform turbidity Many of those showmg long bacilb, or twisted and convoluted 
threads, give flocculent growths 

n cams gives a diffuse growth with a slight deposit So does B pertussis 
Resistance, — H tnJluemcE is lolled by exposure to a temperature of 50-55® C 
for 30 minutes // cnnis and H pertussis behave simiKtlj 

Hsemolysm Production. — Before considering the fermentation of catbohjdrates, 
or other substrates, it will be converuent to discuss the hfemolytic activity of the 
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uifineaia bacfllaa, aiii» tlu3 chaisctet eerrcsto divide tfce sjx^es mto tiro distmtt 
tjTe5. 

Pntchett &ad StillrnM (1919) ooted tlw occesenee, amoo^ a Urge ample of cohom 
of h^emopHiLc bacilli isolated boat tara of infloesza and from normal persoas, of » ema!! 
proportion of ftraina srlu^ prodnced a weB-dcSned rone of hxmoljEu oa blood agar These 
stmna were taorpLologieally of tie bauUarr or Uuead type They were studied la greater 
detail hy StiUnisn and Boom (19''>3 ) , and tberr o cccu e n w baa be^ noted br maav sob* 
sequent irorkers. Knsteoseo (1923) studied aeTenl strains of these bsmolvtie badSi. 
and noted that some of tbcm seemed less dependent on tbe presence of bsSK^obm than 
n tnftien=a. On tbe other band, tbe majon^ of bis strains showed well i3aii:ed satel 
btian , thus demonstrating their depeadoice on tbe V fjcto* Fndes (1921) f<nsd that 
13ofl4h»molyticstiaiEsprewintbepTe«ente©ftbeV {aeto'alooe. Inmorphok^ the* 
strains ate, fcv the mc^ port, deSsitelj atypical, showing nmnenras threads, and coarser 
baciDaiy fortas than are commonly encoonteted ta B in^fiuetira itself The ooloniea 
jrodnc^ by ties'* strains tend to assnm" the charactm which Kns*ens«i regards as 
atjpa'al, being mme opaque and more friable than the tvpieal form, dnother stritiag 
charactenftic of these hxmolybe strains is Ibeir tendency to die out in subcol'uie a 
character which has been noted br saheeqneot obeerrers (D-hlo 1934). Xnstefisen notes 
that tbe power to cause hxmotms u mamtaiaed tmaltoed br those strains which snrrrre 
artihoal cnltiration for conaderabk penods. and that there is no teodeccy for other 
stiains to acquire this property Dible (1934) studied &« strains of h*riophiI.c hmlli 
laoUted from tbs* tuaopharynx; of normal persons, and found 14 of them to be hsmolrtte 
Fire of these strains resembled the coeto-hadEary form of B l■/■cwMr. with the lurte 
exoeptionthst thebadlL wereahttWtarg^ asdnthenaoredeSiutelrfandllarT theotber 
9 were atypical, in forcu^ Uryer coVasics, gtviBg a Soceulr&t growth m broth, or departing 
widelr from tbe coeeo-bacSluy fom. Taleutme and Rirrrs ( 1937) report that tbe nujonty 
of tbeee bcmolrtie strains requse tbe V ^tor oolr for tbeir growth, while a cua onty 
reqsiTe both tbe S and V factors . a proportson cd non hsmoirtie straiss o^ bKnopb2i~ 
baciSi require tbe V txcUr only Faleetine and Hirers iTTorose d tbe B psn. 
tufaeitsa for tbe hxmqpHIie organons teqmnng ooir \ fuW, i m s p ec fa re of bsm^raia 
pro d uction. It is dear from thmr des c np ti om that cegamsms resemhhng Pfeiffer’s badllns 
m cnltmal characters and growth requirements mar or msr not form bemoljsm. We 
piapose to adopt tbeir nomenclature, and dgtinzm h B jnrj mftmsK from B tajf sexas 
hr X and V factor lequcemwts and eab.dind> each if Bcc cai aiT into bieaiclytic 
ncm bsemolrtic ranetiea (see ililcg and Grar PtS?} 

Biochemical Aetmbo. — ^Tfce etady of the fermeatatioa reactions of B tnfv 
ema, and of other Lsmopbflic bacOli, has been retarded by tbe diScaltv eipen 
enced in preparing a toediom which aBows of copious growth, and has, at the 
same time, the transparency and absence of colour which are e^ential, if changes 
m hydrogen ion concentration are to be delected br the usual methods. Soma 
of tbe media wbich bare been densed within recent years are, bowerer, well 
adapted for this purpo«e 

lerarthal (191^) added vairwia taiboiydia'es to lie agar medium which be deraed, 
tinted it witbhtmns, and tested tbe fermeoUbreabJity of fiereial strains off? tnfarK,v 
He noted add productictti from glucose, but not from Ismioee, lactcee, mannitol or maltose. 
Meseracinudt, Hendesh^en and Sebeer (1919), using a similar technique, ooted sight 
aad production m glucose but not in maamtoi laetcoe, or saccharose. 

Stihinan and Bourn (1920) emplored a liqiud medioin prepared hr adding an extract 
of boded rabbit bkiod to peptone water, and canvd out a earefal fenre of lerts on 119 
strainscifH la/v^imr and ^ hietnolrtic strains. More than ci0 per ceoL of tbe 119 noo 
hsmolrtic strains produced acid Ihun dextrose and galactose, uhI reduced rutrat^ , 73 
per cent, produced acid from hevulose, and about So per crab ftxHa malted, occlarose 
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and dextnn ; &o strain fermented masmtol or lactMa ; 63 per cent produced indole 
Of the 20 hsemolytic strains, all fermented dextrose and reduced nitrates, the majority 
fermented malfase and saccharose, 3 fermented galactose, 10 Iscrulose, and 15 dextim, 
none fermented mannitol or lactose , 3 produced indole , and 4 formed gas It would 
appear that the Lxmolytio, as compared with the non hiemolytio strains, ferment maltose 
and saccharose more frequently, galactose and herulose less frequently, and seldom produce 
mdole ; but the number of hamolytio etrains examined was emalL Stillman and Bourn 
specifically note that they obtained irregalac results when they earned out repeated testa 
on the same strains Fildea (1&24) notes that the luemolytio strains studied by him fer 
mentedglucose, saccharose, and maltose: but not lactose, dulcitol, or mannitol The non- 
bxmoJyttc strains of II tnfiuensee '^htch bo examined did not ferment any of these sugars 

I'Cnstensen (1922] earned out a conaiderahle number of fermentation tests, but obtained 
almost entirely ncgatiTO results It seems probable that these were due to an unsatisfactory 
techmque 

Bible (1924), nsuig a technique which did not ddfer essentially from that employed 
by Stillman and Bourn, obtained results which be regarded as sufficiently sharp and constant 
to afi'ord a basis for a tentative grouping of his strains , though he notes that, of 25 strains 
which were retested after 8 months, 9 showed changes in their fermentation luactions 
In 8 cases this change involved a loss of the power to ferment one or more carbohydrates , 
m the remaining instance a strain, previonsly inactive, was found to ferment glucose It 
may be noted that, of 14 hx'molyfic sfntns, D fennested glucose and tevulose, none 
galactose, 8 saccharose, and 6 maltose, while none formed indole Of C non bsmolytio 
strains, which Bible excludes from the species U tn/amres on account of their bacillary 
or thread like morphology, 4 fermented glucose, 4 Levulose, 5 galactose, 4 ssccharoae and 
none maltose, while none produced indole Of 45 stmms which showed the typical minute 
bactlb and cocco bacilli, 33 fermented glucose, Uevulose and galactose, uone fermented 
saccharose or maltose, while 10 produced mdole Bible’s results thus tend to confirm those 
of St illma n and Bourn with regard to the frequency of saccharose fermentation, and 
infrequency of indole formation, among the hxmolyiio as compared with the non hiemolytie 
strains 

In regard to the relation between morphology and fermentation reactions among the 
non hicmolytio etrains, Smith (1931) records obwrvations on 143 strains isolated from the 
nasopharynx of normal persona There was no clear cut fermentative separation between 
morphologically typical and atypical etrains, but, in confoixDity with the results recorded 
by other wotkers, it was found that tho typical strains showed a more restricted enzymic 
activity than the atypical Thus, 22 6 per cent of the atypicals fermented saccharose, as 
compared with 4 3 per cent of the typicals The correlation between typical morphology and 
ability to form mdole was further confirmed , 63 9 per cent of the cocco bacillary steams 
were mdole producers, as against 18 0 per cent of the morphologically atypical strams 
Later work with pars uifiuenzal etrains makes it clear that the hseiaoiftio lafiuenzal 
strains referred to above and tho strains isolated in ao epidemic of pharyngitis by Lament 
(192Q) had the biochemical reactions of H jtan tnfittenzee Miles and Gray (1933) found 
that all of 12 hsmolytic strams of thia organiam were alike in fermenting dextrose, hevulose, 
maltose and sucrose, and m producing no indole The reaction of 9 non haemolytic strams 
of H para influtmie were vanable, though all fermented dextrose and sucrose and two 
were indole positive 

On the basis of hamolysin production, mdole production and other fermentative 
reactions, taken in conjunction with morphology and dependence on the X and V 
factors, we may, then, recognize several cbiTerent types of B injiuenzes 

(1) Typical xnjlumzcB — ^requinng boft X and V factors, showing a predomm- 
antly cocco bacillary morphology, not piodacmg hamolysis, usually ahowmg a 
restricted range of tnzjmic activities^ particularly in failmg to ferment saccharose, 
and usually producing mdole 
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inflaenza bacilloa, aiace tlua character aems to divide the apecies into two distinct 
types 

Pntchett and Stillman (I919j noted the occnrreace, amons a lat^e sample of cultures 
of hazmophilic bacilh isolated &om casea of infloenza and from oonsal persons, of a small 
proportioD of strains which produced a well-defined tone of hamolysis oB Mood agar These 
strains were morphologically of the bacillary or thread type They were studied in peafer 
detail by StiQiaan and Boom (1920), and their occurrence has been noted by many sub- 
sequent workers Knstenaen (1922) studied eeveral straiaa of these hemolytic haciUi 
and noted that some of them seemed less dependent on the presence of hsmoglobin than 
n xnfiuema On the other hand, the majonty of his strains showed well marked eatel 
litism , thus demoiistraling Ibcir dependence on the V factor Rides (1924) found that 
13 of 14 hsmolytic strains grew in the presence of the V facto* alone in morphology these 
etrams are, for the most part, definitely atypim), shoving numerous threads, and coarser 
bacillary forms than are commonly enconntmtd m H la^lIuenrtB itself. The colonies 
product by theae strains fend to assume (he characters which Kristcnsen regards as 
atypical, being more opaque and more friable than the typical form Another striking 
cbaracterutic of these hsmolytic strains is their tendency to dio out in subculture, a 
character which has been noted by subsequent oteervers (Dibto 1934) Knstensea notes 
that the piower to cause haemolysis u maintained unaltered by those strains which surnre 
artificial cultivation for conaderaWe penods, and that there is no tendency for other 
strains to acq;uire this property Dible (1924) studied 67 strains of luemophilic bacilli 
isolated from the nasopharynx of normal persons, and found 14 of them to be hiemol^'tie 
Five of these strains resembled the cocco-baciOaiy form ol 17 tnjlurtutt with the single 
exception that the baciEi were a little larger, and rather more definitely bacillary the other 
9 were atypical, in forming larger colomea, giring a fioccolent growth tn broth, or departing 
widely from the eocco-baciQary form Vakotine and Bims {1937) report that (he majority 
of th^ hsmolytic stiauu require the V Cutor only for their growth, while a muionty 
require both the X and V factors , a proportion of non hsmolytic strains of bsmophihe 
hactih require the T factor only Takntine and Fivers proposed the name R para 
xnfiuemce for the hxmophilic orgauisnu reqainn;; ooly V factor, mespective of hsmolyrtn 
production It IS clear from tbcir deecnpUous that organisms resembling Ffetffer s ba^os 
m cultural characters and growth requirements mar or msv not form hsmolysm IVe 
propose to adopt (heir Bamenclatuiv, and distinguish U jnra in^seium from R tn^uen^ 
by X and V factor requirements and sub-dinde each if necessary into hicmolytic and 
non hsmolytic varieties (see Miles and Gray 1933} 

Biochemical Activities — The study of the fermentation reactions of B, tnjia 
enz(Ey and of other hamophilic bacilli, has been retarded by thq difficulty expen 
enced in prepanng a mediotn which allows of copious growth, and has, at the 
same time, the transparency and absence of colour which are ea^ential, if changes 
in hydrogen ion concentration are to be detected by the usual methods Some 
of the media which have been devised within recent yean are, however, well 
adapted for this purpose 

Levmthal (191$) added various carbohydrates to the agar medioin which he densed, 
tmted It with litmus, and tested the feimrataUveabihty of several strains of 17 injfaenza. 
He noted acid production &om glucose, but not from hemlose, lactose, mannitol or maltose. 
Messeischnudt, Hnndeshagen and Sebeer (1919), using a similar technique, noted slight 
acid production m glucose but not in roamulol. Lactose, or sacebarose 

StiUroan and Bourn (1920] empIi^Td a liquid medium prepared by odling an extract 
of boiled rabbit blood to peptone water, and earned out a careful wnes of tests on 119 
strains of 77 in/!ue«_ie and 29 hapmotytic strains. More than 90 per cent- of the 119 non 
luemolytic strains produced acid from dextrose and galactose, and reduced mtrates , 73 
per cent produced aad &om hevniose, and about 23 per cent from maltose, saccharose 
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and deitnn , no Btnun fermented mamut<d or lactose , 63 per cent produced Indole 
Of the 29 hsemolytio straitjs all fermented dextrose and reduced nitrates, tho mnjonty 
fermented tnaltoso and aaccharosc, 3 fermented galactose, JO hcTulose, and 15 dextim, 
none fermented mannitol or lactoso , 3 produced lodolo , and 4 formed gas It would 
appear that tho ha>molytic, as compared with the ntm hxmol^ tic strains, ferment maltoso 
and saccharose more frequently, galactose and hcniloss less frequently, and seldom produce 
indole , but the number of hsmolybo strains examined was small Stillman and Bourn 
specifically note that they obtained irregular results wh6n they earned out repeated tests 
on tho same strains Fildes (1024) notes that the hsmolytic strains stndied by him fer 
mentedglncosc, saccharose, and maltose, hut not lactose, dulcitol, or manmtoL The non 
bsmolytic strains of B tnfutmtg which he examineddid not fenBeotaoyoI these augsn 

X^stensen (1022) earned out a considerable number of fermentation tests, but obtained 
almost entirely negative results It seems probable that these were due to an unsatisfactory 
technique 

Bible (1924), using a tcchmque nhioh did not differ essentially from that employed 
by Stillman and Bourn, obtained results which be regarded as sufficiently sharp and constant 
to afford a basis for a tentative grouping of his strains, though bo notes that, of 23 strains 
which were retested after 8 months, 9 showed changes in their fermentation reactions 
In 8 coses this change involved a loss of the power to ferment one or more csrbob}d» tea, 
m the remaining instance a atram, previously Inactive, was found to ferment glucose It 
may be noted that, of 14 hxmolytic strains, 9 fermented glucose and hevulose, none 
galactose, 8 saccharose, and 6 maltose, while none formed mdole Of 6 non hsmolytio 
strains, which Bible excludes from the species H tn/uenss on account of their bacillary 
or thread like morphology, 4 fermented glucose, 4 Isvuloso, 6 galactose, 4 ucebaroso and 
none maltose, while none produced indole Of 45 strains which showed the typical mmuta 
bacilli and coceo bacilli, 3S fermented glucose, levulose and galactose, none fermented 
ssccharoseormaltose, while 16 produced indole Dihlee results thus tend toeon/irRi those 
of Stdlman and Bourn with regard to the frequent^ of saccharose fermentation, and 
mfrequ'Dcy of mdole formation, among the hsemolytio as compared with tho non hzmoIytiQ 
strains 

In regard to the relation between morphology and fermentation reactions among the 
non hsmolytio strains. Smith (1031) records observations on 143 strains isolated from the 
nasopharytix of normal persons There was no clear cut fensentative sextaration between 
morphologically typical and atypical strains, but, in conformity with the results recorded 
by other workera, it was found that tho ^icsl strains showed a more restricted cnzyTHio 
activity than the atypicol Thus, 22 9 per cent of the atypicals fermented saccharose, sa 
compared with 4 3 per cent of the typicals The correlation between typical morphology and 
ability to form mdole was further confirmed, C3 9 per cent of the cocco-bacillary strains 
were indole producers, as against IS 0 per cent of the morphologically atypical strains 

Later work with pars influerixal ttrains makes it clear that the hzmolytio inllueitzal 
strains referred to above and the strains isolated in an epidemic of pharyngitis by Lament 
(1020) had the biochemical reactions of // jWfo tejluenzce Miles and Gray (1038) found 
that all of 12 hzmolyticstrams of this organism were alike in fermenting dextrose, Izvulose, 
maltoso and sucrose, and in producing no mdole The reaction of 0 non haimolytie strains 
of // pom tnfiuenza were variable, though all fermented dextrose and sucroso and two 
were mdole positive 

On the basis of htemolysin production, mdole production and other fermentative 
reactions, taken m conjunction with moiphology and dependence on the X and V 
factors, we may, then, recognire Bcveral dilfcrcnt types of II tnjluenza 

(1) Typical il tnjluemof — requiring both X and V factors, showing a predomin 
antly cocco bacillarj morphology, not producing hemolysis, usiialJy showing a 
restneted range of onrymic actu itics, patticnlarly in failing to ferment saccharose, 
and usually producing indole 
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(2) Atypical n tnjluema — requiring bott X and V factors and not prodnemg 
hffiraolysis, but differing from typical strain^ in showing a predominantly bacillary 
or fUamentoua morphology, fermenting saccharose and 'omc other substrates more 
frequently, and less frequently producing indole 

{3) A small group of hiemoljtic infineoza bactUi that require both the X and V 
factor for growth 

We have not, it will be noted, made any lefercnce in the classification given 
above to Pittman’s “ smooth. *’ strains These will be further considered m relation 
to antigenic structnre 

The 5 para injJuenza strains Te*einhfe the atypical /t mjJiienja strains m morphology 
m fermenting saccharose and other subatratea more frequently, and ui Iiss treqnently 
producing indole The fermentation reactions of H duerey\ have received httls attention 
Khairat’s (1940) organism rescmhlmg it in reqmnng X but not V factor, fermented 
dextrose sucrose, maltose and lactose in 2-3 days, and (he polyaaccharides dextrm 
glycogen and starch in 6-10 days 

The fermentation reactions of U cenia were studied by Birere (1022&), who records the 
formation of acid m dextrose, lasvnJose, gnbetose, mannitol, saccharose, and xylose, but 
not in maltose, lactose, dextrin, arabuiose or glyceroL Indole was produced by all strains 
examined and lutrates were reduced Fddea (1924) states that >7 earns ferments glucose, 
sacchsToes and mannitol , but not lactose, dolcitol or maltoso 

The strains of B Mifiutmasuts tested by Lewis and Shope (1931) are recorded as pro- 
ducing no change in deztro«e, betoee, aaccbarc«e, znantulo), dulcifol glycerol, muhn or 
arabmose They produced no mdole They reduced nitrates It has been noted that 
some observers have recorded suniUr negative results with strains of B itfiutma, and 
it IS doubtful whether this apparent abeenoc of eni^mic activity should be taken as differ 
entiating the swine mdaeaza baoUos from the human type in the abaence of further 
evidence Kircbenbaaer(i934), who has studied several stnms of this organism, confirms 
the reduction of mtntes and the absence of mdole production. 

B pertussis which is sharply differentiated from If in,(luen£« in other ways, has been 
record^ by Stdlman and Bourn (1920) as fadu^ to fenneat dextrose tevnloee, galactoec, 
maltose, saccharose dextrin maonitol. betose or muhn as prodnemg no mdole and as 
failing to reduce mtrates It produces a hazy zone of hwmolysis B brmehiseplieus 
resembles E pertussis ui fermenting none of (be commonly nsed carbohydrates 
It may be added tl^t If tn^ucuzip-stiij and B mats am non hatmolytic 
Slany of the fermentative reactions within this group appear to bo so irregular that 
they have httle value in classification, or in the identification of particular strains. We 
may, however tabulate for purposes of reference the reactions that have actually been 
ol^erved, usmg -}- and — signs as itrugb indicators of the frequency with which the 
various substrates ate attacked (Table 62> 

TABbE fi2 

Sbowiso Tire FraMEvTATiov Reactiovs or vaaiocx Stecies ok Gkocw. or H-xMOrHUJC 
B&cilu avb o» the Forcssia Baertura or Borobt ixu Gcsqoc 
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Tbe Anfagemc Relationships ol the Heemophilic Bacilli. 

Takinp 6rst 17. influcnzrr, as a apecKS, the peculiarity that has emerged from 
most of the recorded attempts at serological analysis is its extreme antigenic 
heterogeneity 

By direct agglutination mth 20 aatifcra, followed by absorption testa where necessary, 
Park, ITilliams and Cooper (1018) could find only four identical pairs among 160 strains 
Valentine and Cooper (1319) record a aimilar experience Among 10 strains isolated at 
autopsy, tested against the 10 homologoas antisera, no two were identical Among 73 
miscellaneous strains tested against 18 antisera no tiro were identical Among 54 strains 
isolated from a group of mannes, and tested against 18 antisera, 2 strains from different 
indindoals were identical It iraa noted m ib«s group that strains isolated from the same 
mdindual on different days were usually, but not always, identical Among 23 strains 
isolated from tbe inmates of an orphan a^liim, there was one pair of identical strains 
Of 6 strains isolated from the membera of a single family, all of whom had contracted 
inSnenza at about the same time, no two atiains were identical 

This extreme heterogeneity, as judged by agglutination tests, has been amply con 
finned by numerous workers (Rivers and Kohn 1921, Yabe 1921, Anderson and Shultz 
1921, Cooper tl at 1921, Pontaky and Denny 1921, Knatensen 1922, Knorr 1924, Iiznka 
1933, and others) luuka, for example, records more than CO different agglutmatmg 
types among 249 strains taoLtU-d from «tcL and healthy persons 

The actual sigiuGcnnce of these earlier ob<wrTattons has been rendered very doubtful 
by the obaeirations of Pittman (1931) 

Among 97 strains of infiucnzn baciUi isolated from ranous sources, she noted IS that 
produced colonics of a charactenstio * smooth” type (see above) All these 15 strains 
were isolated from sources, or under conditions, fthicb indicated that they were playing 
a pathogenie role In addition to forming a cbamctenstic colony, the bacilli of these 
‘ smooth *' strains were found to be capsulated. ^Vhen tested by agglutination at 37* C 
these IS strains were found to fall into two antigemc types A and B, one containing 12 
strams, the other 3 This specificity was not apparent if tbe reactions were earned out 
at a higher tempierature, a possible reason being tbe loss of the bacterial capsules. It 
was also found possible to separate from these 15 strams a soluble specific substance, 
apparently carbohydrate in nature, and presumably associated with the capsule Pre 
cipitm tests earned out with this matenal gave the same antigenic grouping as the agglu 
tination tests earned out at 37° C These smootb strains, in artificial culture, readily gave 
nse to non capsulated rough vanants, usually with a bauUary or filamentous morphology 
The rough vanants no longer produced the soluble specific substance, nor did they conform 
to the antigenic grouping of the smooth parent «lrajiis. Illese findings were confirmed 
m their essential points at least, by several subsequent workers (see Dochez et at 1932. 
Wnght and Ward 1932, Platt 1937) lAter work has shown that charaetensbe “ smooth ” 
strains are commonly foond among bactlh isolated from infections of the meninges Among 
reapiratorj strains, either from infected or healthy persons, the “ smooth ” types are 
leas common Mulder (1937) for example, found 7 is DO sputum strauia, and Platt (1937) 
16 in 86 nasopharyngeal strains Bespirutory strains tend to be eerologicafiy hetero- 
geneous, whereas ‘ smooth ” meningeal strains tend to be homogeneous (Fothergdl and 
Chandkr 1936, Wilkes Weas 1937, Platt 1937) The homogeneity is not complete 
Pittman has divided these capsulated smooth strains into six serological types, a, b, c, d e 
and f Type b occurs with tbe greatest frequency, but all are rare in the normal upper 
reopiratory tract (see, e g , Silverthorne rf oI 1943} 

As in the pneumococci, type specificity depends on a polysaccharide component m 
tbe capsule of the organism (Platt 1937, Alexander and Heidelberger 1940) If we follow 
Chandler. Fothergill and Dingle (1939) and designate capsulated forms as 31 or mucoid 
forms, then both the S and R forms, whudi have no type specific capsular substances, 
display extreme antigemc heterogenei^ Aeccadmg to Platt (1939) mdividual non 
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capsolated strains appear to pos3c:» a relatively specific protein component P, and a 
protein component Jf which is common to most rttains of // injiutn^ It may be noted 
that aeveral earlier worhm found Ihnt complei&ent'&satimi testa gave evidence of the 
presence of an antigcmc relationship that waa not revealed by agglutination (It oUstem 
1919, Bieling and tVeichhrodt 1920 Kostcosto 1922) 

It 13 clear that the change that Pittman desenbes as occomng in her smooth 
strains falls vathia the definition that we adopted for the S ->■ R, or the 
31 -> S -»■ R variation in Chapter 8 the loss of the surface antigen which deter 
mines type specificity in the normal, vimleut fonn of a bacillus Pittman s capsu 
lated forms ate apparently the most virulent pathogenic type of H tn/uert’cs , 
they are isolated commonly from the meninges in one of the severest of hninan 
infections caused by the organism , and Gordon, IV’oodcoch and Zmnemann (1911) 
report that meningeal infections with strains not among Pittman’s types are le-s 
severe They are also the most mouse vimlent of the obsen ed vaneti« (FothergiU 
and Chandler 1936 Chandler et al 1937, 1939 Raettig 1910) The implication 
that mo“t of the strains isolated from the nose and throat of normal persons are 
m an intermediate or a “ rough ” phase, most, therefore, we thinl, be accepted. 
We must also it would appear, accept the view that the antigens that dominate 
the rough forma in this bacterial species ate more heterogeneous than those present 
in the normal smooth phase, a finding that differs from that recorded for most 
other groups. 

It wiU ^ noted that, under this definition, all the strains referred to in preceding 
sections as “ atypical " and many, probably the great majority, of those referred to 
as ” typical,'* would be classed as rough variants. The antigenic structnre of the 
para mfluenxa bacilli has not yet been submitted to any special study , but it 
seems very unlikely that any of them would fall into Pittman’s “ smooth ’category 
3Vhether they are in any way antigcnically different from the non hsmolytic rough 
forms we do not know hUea and Gray (1^$) found an antigenic relationship 
between a proportion of the etrains of non hatnolytio B pdTa-snfiwraa they 
studied 

The Koch Weeks bacillus, in lU serological relationships as in alt its other characters, 
appears to be mdistinguiahshle from H ffiuenaz Knorr (1924) baa found that different 
strains of this organism show raarked antigenic beierogeneity, wbde same strains are 
identical with certain strains of the infiaeiua haciUua. 

A small sample of strains of H examined by Lewis and Shope (1931) 

showed the same type of antigemo heterogeneity that is encountered among the ordinary 
etrains of humn mfluema bacilL. Compenson with a few strains of H xtifiiiemce of 
human origin did not reveal any example of antigenic identity, though there was some 
overlapping in crosa^agglntination testa. Similar findings are recorded by Kirchenbaner 
(1934) These observations were made before the pohhcation of Pittman’s findings, so that 
there was no differentiation between smooth and rough strains. 

We have as yet no mfonnatwn in regard to the antigenic relatjonshipe of II cams 

H pertuMu differs from «n/ucnOTm that all recently isolated smooth strains 
appear to belong to a single antigenic type Moreover, it would seem that all strains, 
when first isolated from the body on an optimal medium, ate in the smooth state 
The belraviour of these strains on artificial culture raises pomts of considerable 
interest 

Bordet and Sleeawyk (1910) noted that rewntly isolated strains of n -pertiuait, grown 
on the Bordet-Gengou medium, all a^otmated with a Beinm prepaiad against any one 
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of them Strams that had been trained to grow oa agar, however, failed to agglutinate 
with the sera prepared against the recently isolated strains, and sera prepared against 
the agar strams failed to agglutinate the streuis grown on the Bordet-Gengou medium. 
These observations were confirmed and extended by Bordet (1912) The change in 
antigenic structure was ascribed to the medinm, but it was noted that a similar change 
might occur on a blood containing mediom after repeated subculture Host observers 
have confirmed Bordet’s findings that all recently isolated strains belong to a single sero 
logical type (see Knstensen 1922, 1927) A few have recorded the existence of two different 
types among strains mamtamed pennanenUy on a blood containmg medium (Krumiricde 
€tal 1923), but there ishttle doubtthatauchfindings have been due to theslow occurrence 
of an antigemc variation that takes place more rajMdly when smooth strains are grown 
on an unsuitable medium Lesbe and Gardner (1931) made a careful study of 32 strains 
of ff ptriuiM, none of which had been regarded as rough variants They found that 
these strains fell into four different antigenic groups, to which they refer as Phases I, II, 
HI and IV Of 20 recently isolated straina 18 fell into Phase I, and 2 were mtermediato 
between Phase I and Phase II Of 7 laboratory strains that had been mamtamed on an 
egg medium, 3 were m Phase HI and 4 in Phase IV Of 5 other laboratory strains, one was 
intermediate between Phases II and HI, 3 were in Phase ID and 1 m Phase I\' Studies 
by later workers (Shiblcy and Hoclseber 1934, Toomey ei al 1935) have been in general 
agreement with Lesbe and Gardner’s findings, though they regarded the \anous phases 
as arbitrary stages m the course of an S It vanntion, dependmg on the amount of 
Phase I antigen on the baciUary surface (see also Toconey, Takscs and Ranta 1939, Toomey 
and Takacs 1937) Plosdorf. Dozots and Kimball (1911) on the other hand, find, like 
Lesbe and Gardner, that the phases differ quabtatively, and suggest the following antigemo 
structure for three of the four phases they alodied 

Fbut iUIot toliftttt iUJxjt inligiBM 

I . a b 0 

in . . b c or d 

IT . . c. d 

TZtey also described a new Phase X. related to III sod IT Tahrtg these stodies as a 
whole It seems safe to conclude that U peHustis, in the form m which it exists m the 
tissues or m recent cultures on Bordet-Gengou medium, belongs to a single, homogeneous 
antigemc type , but that an S It variation occurs somewhat readily, even in cultures 
kept on a blood conCauuog medium, and very readily on. leas favourable media This 
vanation is apparently step like, so that intermediate sUgea exist betneen the normal 
smooth fom, which corresponds to Lesbe and Gardner s Phase I, and the full} developed 
rough form which corresponds to their Phase IV It was noted by Lesbe and Gardner 
that there la no very obvious and striking colonial difference between the rough and the 
smooth forms, nor any constant and measurable difference in salt sensitiveness, though 
strains m their Phase HI and Phase IV are. on the average, rougher in colonial appear 
ance and less stable in saline suspensioBs than strains m Phase I or U The S form is 
capsnisted (Lawson 1933) The capsular eubstano^ which detercunea the agglutination 
of the S form by smooth antisera, is readdy temored by washing (Miller 1937) Flosdorf, 
Kimball and Chambers (1939) and Flosdorf and Kunball (1940ii, b) have studied this 
soluble agglutmogen extensively It removes agglutinating antibodies from smooth 
antisera It may be liberated by sonic nbratioas It u non toxic and induces agglutinins 
m the rabbit and stunulates pertussis unmurnty By tryptic digestion of 17 pertusm, 
(Jruickshank and Freeman (1037) obtained a carbobydrate-contaimng water soluble fraction 
capable of mducing active immuni ty to expenmental infection in mice It is probable 
that this fraction IS the same as the ’‘ag^otioogen "of later workers, roixrd perhaps vnih 
some toxin Smolens and Mudd (1943) obtained a largo yield of agglutinogen by acid 
extraction of the baoUi. 

EldenngandKcndriek(1937, 103S) and Bradford and 51a via (1937)isolatedanorganism 
from easM of whooping cough which differed from 11. ptrluMU in producing defimte 


&02 


BJlSiOPElLVS 


ha5moIy*is on Eorfet-Gengoa mediuja, tn powrog mote proJiKelv' and develo jang a biwrmsK 
pigment on natneot ag&r and in prcdDcuig a large azootmt of catalase Tbe ftiains 
isolated verc antigenicaB^ faomogeneotis, and noeS'a^Iutmated witb Pliase I II f/triufns 
and H broacAtjej^tcva like B perfasna ttM* orguusm eras eeit^c^tallT cbaiactenzed 
by a readdr extractable non tone and stable agglutinogen, haring a miner antigenie 
component in common with II perfasn* (Tkiedorf Bondi and Ikaois 1''41 Bcndi and 
Floedwf 1^13) This organism m now gener^y known as H pimpertvitv 

The antigeniu relationship of the agghitmogeas of ibe% three organums is paralleled 
to some extent by an antigenic relaii<ai«lup of tbeir toxms (see below) Tbeie are cnltura] 
resemblances between the three and aB are assoosted with mfectioiu of the lung m the 
higher mammals. Ibese facta ]astify the {mmnoaal raelnsion of Br Ironehiseptiea in 
the group containing B perfitttif and we bare accordmzlr implemented the suggestioa 
of Elder^ and Kesdnek and of Brans and Maitlmd (1939) and renamed Br bfoncAi 
scptica B brcnc^isep^vcws (<ee also Watanabe 193s) 

It IS dear that, as £ir as whoopmg cough is concerned, anr bsoHarr matenal used 
for whooping coogh mocnUtion most bo denred &om organisms in l^iase I so treated 
that the rery sclnble ^glntmogen » not temortd dnnng the preyaration of the vaesne , 
It may also be necessary to include m the raceme the major antieens of B pamptrtvis** 

Finally, we mar cote that sneb eomparatire teste as bare bees performed show 
btlle if aig- antigenic Rlatioiuhjp between B ptriwis and H. la/wrwsm (Odam 19U, 
Shiga €t aJ 1913 Winholt 191S, Olmstead and 1DI6 Kns^easen 19^ Schluter 

1936) 

Pithogemcity and Tuna Pndoctioa. 

The probable role of B tnfutrua m fciunap taflofpia, wbeb ts now laevTi to 
be a nrcs disease ts consider^ m Chapter 74 It ts a conusoB cause of 
alone or in aasociabon with the paetUDoeocco., as occasional canse of meningitu, 
almost alwars in children, and a rate cause of olcerstire endocarditis The Eoeh 
Weeks baciUos hsa been isolated from epidesmcs of eosjocctnitts in xnanF parts 
of the worid, ch3dren bemg rtmniF infected. As, however, ther* is no known 
method by wbch tbs orsanism can be dicttcgiushed from B xnfaenjz, it 
seems unnecessarv to cegsrd it as a diCnent species. 

B poni-in/fuenerr is occaaonaUy a^isociated with acute pharyngitis, it is s 
rare caiue of olcerative endocarditis, though probably leas rare than B in/acn-tr 
Itself (Miles and Gray ld3&) and it u occasionally found in infected woonds and 
®mUies. 

There appears to be little donbt that B ducreyi is responsible for «afi chancre, 
and for the bnboes wbch are eometunes associated with tie primary lesion. 

B brvnchftjitinn is esc^ntraUv paranbe giving ns* to lesions la the respiratorv 
tract of dogs, monkev*, guinea pigs and other laboratory animals it is occa 
ciooally found in the nasopharynx of man. It appears to be a <=ecQndary invader 
m dogs suffering from distemper, bong frvquentlv responsible fo- the pulmonaiy 
complicabons of the disease (hi Cowan 1911, Laidlaw and Hcnkm 1926) Spooner 
(19SS) found It playing a yimilar lole in a spontaneous distemper like disease 
of feiKts. 

B ptrtussis IS the cause of whoopicg cough, and as «Tich is one of the more 
important human pathogens. H poroperhum appears to be responnble for 
a ramonty of cases of whooping cough. Unlike B lu/ufluir, B fcrtussis «eem3 
<eIdom to play a harmless parasitic role. 

Both E pertussis and B bronehtSfjKiaa elaborate at least one toxin- B p^ 
tuMia tozm was fir«t deambed Evans and Maitland (1937) who extracted it 
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from groiuid np bacilli It was lethal on intrarenoos injection into guinea pigs 
and produced areas of necrosis on intradeimal injection in the rabbit Evans and 
Alaitland s preparations nho contained the agglntinogen this proved to be distmct 
from the toxin since antisera to the extract were protective against eipenmental 
infection agglutinated bacillary sospen ons hut had no antitoxic activity as 
jndged by their ability to modify stm necrosis induced by the toxm The toxm 
was easily destroyed by formalm was unstable at 37* C and was rapidly destroyed 
at 5 j* C A similar toxin vnth very similar properties was obtained from H bronchi 
septiau (Elans and Maitland 1939) and from H parapertussis (Brueckner and 
Evans 1939) The toxin presumably owing to its marked instability did not 
at first appear to be antigemc Evans (1910 1912) later found that formohzed 
toxin was antigemc and that antitoxin prepared against it neutralized the toxms 
of n pertussis ff parapertussis and i7 bronehiseplieus It is of practical interest 
that be was unable to induce antitoxm formation in the rabbit by the injection 
of whole bacilb but found that tone extracts of the bac lb were antitoimogenic 
(see also Katsampes Brooks and Bradford 1942) These obsenations have been 
confirmed and extended (Flosdorf Bondi and Dozojs 1911 Ehrich Bondi Mndd 
and Flosdorf 1912 Eldermg 1911 191’) FIo*dorf and his colleagues distinguish 
m n pertussis a feebly antigemc thermostable toxm in addition to the thermo 
labile toxm of Evans and Maitland Toxm is produced by all phases of H pertussis 
though most abundantly by Pha«e I (sec alM l\ood 1910 Roberts and Ospeck 
1913) Eldenng obtamed toxic fractions from E pertussis H parapertussis and 
n bronchtsepUcus and demonstrated varying degrees of cross protection agamst 
infection by livmg bacteria m animab actively munniuzed bj the fractions It 
IS probable that bet resnlts refiect the antigemc similarity of both toxins and 
agglutinogens present in the extracts 

The mode of action of the toziu is at present obscure Ehnch and his colleagues 
(1942) desenbe generalized dc^cnerat re changes in the viscera of intoxicated rabbits 
particularism the lymphoid tissue Given mtratracl eally the heat lab le toxin produces 
in the longs of rabbits a severe {edematous react on. foUov-fd by a charactenst c accumu 
lat on oC macrophages m the arveoh of lymphocytM round the hfood vessel and severe 
necrosis in scattered areas — a histological picture not unlike that found m the lung m 
whooping cough antitoxm protected rabbits against this effect (Sprunt and Martin 
1943) Though the precise role of toxm and anUtoxm m infection with 11 pertussis 
IS not yet fully understood the protective act on of antitoxm m experimental infect on 
appears to be limited to neutrolizmg the toxm contained m the infectmg dose and thus 
reducing the hkelihood of the organisms estabbJiing a foothold m the t '"sues Thus 
Anderson and Ivorth (1943) protected mice against an mtrapentoneal mjeebon of H per 
<as«s with ant toxm hut not with ant bacteria) sera Systemically administered ant 
toxm had no effect m ammals infected by the nasal route but antibacterial serum was 
effective In their hands toxmhadnoa^ressivesct «i(seQ Chapter 48) m nasal infect ons 
It should be noted however that North and his colleagues (1939) found that m mtra 
nasally infected mice the protective effect of human sera from pertussis convalescents 
could not be accounted for simply m terms eff agglutinin or toxm neutralizing pow er 
though the effect as a whole appeared to be antliacteiiaL The labile toxm, however 
may have imrrum'Tmg proper! es for m a later study (1941) of active immunization they 
found that whole bacilli treated with the TnimmTim of heat (58° C for 8 min .) or with 
phenohe pteservat ves induced a higher degree of active immumty than bacilli preserved 
with formalm or heated to 60* C for one hour Evans (1944) confirmed the inability 
of mtravenous antitoxm to protect mice against mtranasal infections but found that 
antitoxin mixed with the bacteria before matillatiott mto the nose lowered their mfectivity 
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EoggestiQg Uiat in tbe«e czmunstnsces sntitoxia lia^ *n acti-^^ressire efiect. Ospe<^ 
&nd Roberts (1944) H~ere ftble to protect mice And rabbits amsst lire badQi or toxin 
bj prenoaslj admimstered antitoxm. (For active untsonizatioa of labcratocy animals 
bj B perlassu and ranoos fractions oT tbo organism, see C^cLsbanL and Freeman 
1937, lIiUeT and Silrerberg 1939, i tubnlm r rf aj 1*09, SOrcrtlKOTe 1940, SHrertbome 
and Camoon 1942, Holm and Bann^ 1*^3, lapm 1943, Strean ct ol 1941) 

B tnfiuensa suu plays an impoitant part m «TnDe mflaenzs (see Cliapter 74) 
B eanu was isolated by Fnedberger (1903) irom 19 of 20 dogs suffenng from a 
sappurative mflammaboa of tbe prepnce, bot he was unable to reproduce the 
disease with it, and concluded that it was a hamless paraste of the preputial sac 
It has also been isolated from uonna) dogs by Krage (1910), Knstensea (1922), 
Rirers (19224), and Kirchenbauer (1934) 

Expertmesta] Inlectlons. 

n infuen,a — Attempts to prodnee an infrctMO resembling inSnettza in man b; expen* 
ments on human rolunterrs or on the higher apea are considered in Chapter 74 

As regards the ussal laboratory animals, the injection of Uige doen of Iiring cnlture 
(the growth frttm ) to 1 bkod-agar slope Bnspendedinsahne) into the penUsenmcf rabbits, 
gumea pigs, or mice, often remits in death withm S4— IS honrs. At necropsy petechial 
hsmorrhagea may be found, aeattend oxer the pentonenm, and sometimes oxer the 
pleura. The CT)|Tarensls may be congested or hemorrhagic The orgarncms can be 
recoxered from the pentooeal eaxrty, but not often from the heartV blood. The eanse 
of death seems to be a toxxmia, rather than an inraaixe lofeobon (<ee Ffriffer 1893, Delma 
andEoIte lS97,3fctataeh 1933) Similar rtsulta may be obtained with Qtrates of cultum 
in liquid media, and theee may produce death on utraxcaoBS injection into rabbits cff 
guinea pigs, though relstrxely large doeea (0-5-3 ml) are usually r equired (eee Parker 
1919 Ferry and Bonghtoa 1919, WolLtein 1919, MelnUah 1933) C»re is no endence 
that these filtrates coutain as exotozm m th* usually attested sense- In new of Pittman s 
Dbeerrattous and of her lepnts that her eioooth strain] are mcee xirulent than ih* usual 
rough ftiaiss, it is of interest to note that many obserrm hare recorded wide xanadMis 
lu Twoleuee when a number of strains are tested by the mtiayasitimeal mjection of Lxmg 
cultures. Uclntosh (1922), for instance, found that only a smalt uunontT of tec«itlx 
isolated strains proxed to be of hizh Tmlence when tested in this way It would seem also 
that strains of B injfsenrtr isolated fr om cases of meningitis arc usually iar more ximknt 
for laboiatory animals than strains isolated from the respiratory tract, and that some of 
theee meningeal strains hare definite mvasiTe po a er s (Cohea 1909, Heaiy 1913, WoHsieio 
1915) The incorporation of the ictrapcnlaoeal mfecimg dose m muon — a technique 
which has been «aeeessfri]Ir applied to enhancing; the nruloice of menmgococa (see 
Chapter 23) — mereases the nruleiioe of B la^vmar , small dosKS produce a &tal septi 
cenua in mice agamst which anti mfioenzal facaae serum is jBotectixe (FothergiO, Dingle 
and Chandler 1937) (<ee also Silrnrthome 1940} Ceftam stzauu of H, inftiensa of human 
onzm give nse to a &tal infection after intracerebral mjeetKm of about 2.C00 otgantass 
into mice , other strains, and strains of B pan-tnjljteitste are nca xintlent by this route 
(de Tcuregrosa and France 1941) 

B perttissu — Tbe effect of the intnpentouea] injection of oiganism into rabbits 
or guinea pigs Is very similar to that of? tnfinenzte Hero agam large dostf are required 
to preduce death, and the infection seems to be loTwmie ra ther than igxasixe (Bordet and 
Gengou 1907, 1909, WoQstein 1909} Leslieand Gardner (1931) carxied out a carefol senes of 
experiments in which they detenn tried the rdatixe bmaty of suspensions of strains ol 
E pertusna.antigemcallym Phase I, II, in or IT, by intrapentcaeajinjecticasm guinea- 
pigs They found that the mmuualkthal dees of Btrains in Phase HI or IV {rough strains) 
was twenty to thirty tunes greater than the minimal Isthal does of strains in Phase I or 
H (snooth. or reUtixely smooth strains) 
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The intranasnl instillation of U jtertvMw into antcsthetiied mioj produce a potchj’ 
or diffuse interstitial pneumonia leucocytic inGltmtion round vessels and bronchioles 
proliferation of the bronehiolnr epithelium and mucous secretion in the bronchioles contain 
mg masses of bactena (Burnet and Timmins 1937, Bradford 1933) The histological 
picture m many respects resembles that of the long m human pertussis and clearly offers 
a near approach to the natural disease for immunological study For intrapentonoal 
mfiction, the normally low virulence of if pertussu by the mtrapentoneal route inaj 
be enhanced by starch (Powell and Janueson 1937) or mucin (Sdverthorne 1938) \\ itcbsk^ 
and Salm (1937) using rabbits mjeeted lotradcrmally, produced inflammatorj lesions 
followed in 2-3 days by necrosis 

Aftci intratraclieal inocidatjon Culotta, Harvey and Gordon (1935) produced «i 
three monkeys a disease with a 10-day tncubation period, a aitarrhal stige and a febrile 
coughing stage not unLke human pertussis By similar means Sprunt, Martin and McDoar 
man (1938) produced an interstitial pneumonia in the monkey characterized by a mono 
nuclear cell reaction, and accompamed by a lymphocytosis , and North and his colleagues 
(1040) mduced in d/ocaeua monkeys an infection which by the seventh day resulted in 
a sticky tracheal and bronchiolar exudate full of H ptriussvi and pulmonary congestion 
with conspicuous fibrmous and ceDolar indltration both mterstitially and m the alveoli 
^one of the monkeys developed a cough 

U in^uenzcB-suts — In association with a fiUrablo virus (see Chapter 74) this organism 
18 an important natural pathogen of ewme, and the disease can be expenmentaDj produced 
m these animals In relation to the etaall ammals of the laboratory this oiganism appears 
to behave much m the same way as tl tnjfuenzir Large intravenous injections may bo 
fhtal for rabbits and large mtrapentoneal mjections for guinea pigs or mice , but the 
results are very irregular andthcrcappeartobegrestdiffcrencesmthenrulonce or toxicity 
of different strains (see Lewis and Shope 1031, Kircbcnbauer 1934) 

U cants ->The data with regard to the pathogenicity of this species for laboratory 
ammals are extremely scanty Ilivera (19326) notes that the mtrapentoneal injection of 
1 ml of a 24 hours culture in blood broth failed to kill a mouso , 2 mb intrapcritoneatly 
did not kill A small guinea pig, 1 ml uitnivenoiisly did not kill a small rabbit 

II ducreyi -^Tomasczewski (1903) was successful m rt producing the disease in human 
subjects with pure cultures In man progressive purulent lesions follow the mtradcrmnl 
Injection of cultures , and it is apparently a common practice to separate II ducreyi from 
contaminating saprophytes in genital material by injecting it lutradermally into the 
patient (see Cunha 1939) Ulcerative lesions have followed the inoculation of monkeys 
and rabbits with cultures several generations removed from pnmary isolation (Rrkn 
Etierna 1921 NicoUo 1923) 

U pnra xnflutnxee — This organism appears to be non pathogenic for laboratory animals 
Variation. 

The available data with regard to vanation m the genus Ilarmojihxlus 
have already been referred to m the discnssion of antigenic structure and of patho 
genicity 

Both if inj7uenxm and il perlusswgise nsc m artificial culture to variants that 
are essentially of the rough type It would, indeed, seem that these species are 
peculiarly liable to undergo this change The evidence suggests that rough strains 
of n \njlutnza> occur very commonly m the normal nasopharynx, so that the 
smooth —trough variation must be supposed in this case to be of frequent 
occurrence when the onanism la living in its normal habitat In the case of 
n pertussu we have, at present, no evidence that rough variations occur among 
recently isolated para«itic strains , but there « much e\ idence to suggest that the 
production of rough variants is readily induced by growing the organwm on a 
relatively unfavourable medium 
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H. isSaesxs 


Ifrjat rm — Isolated ty Pfeiffer (1B92J fioffi cases of inffnerwa la maa, 

Ha}\tal . — Stnet parasite, linag partjcolaify m t!ie opi^ lespiratorr tract of man. 

VorphdU-gy — In its trpieal fona B la/aeM^isa tinTco«*>l»ciIla3(I-15^0-3-0«l;j). 
According to Kttman (1931). tbebadOosm Its nrofent ssaootlifciRn is capsalated. 
Sfost strains, erea vben first isobted bom. tl>e tisnes are Doa-capsnUte^ bat it 
la poss^Ie that these tboold be regarded as toozh ramnts. Axnosg any Ur^ sara^ 
of strains, or in anT one strain donr^ prolonged sabcnltnra in tb» labcoatorj 
wide depaitaras &om tbe Kpscal nuwphoVogy will nsaaDr te fonnd. Ixoffw boeSbrr 
forms and defiiutelrfiiamentotisfanssoftenoecar acdthelattermavsbawangolar 
bendings or sinnons cams. In the filamentous fonns glohslar « OTxad sweHia^s 
are not nncommcnL The organism is wm flagellated and fiwms bo sru x e s . It 
stains feebly with many of the ordinary bactenolqgical djw, aoro leadilr wiJi 
dilute cwrbol fnchsin It is Gram negatire and not aod fast. 

CrotrtA r<y«tr*wi»iit» — B la^senMr rrqwrea both the factor and V fitckwftv Its iTtiwth. 
It grows far more readOe tzsder anohic than under anaerobi'* ccnditiopa, and it 
would appear that some <traim are incapable pe^imned anaerobic robcnltrra'HD. 
The optimal tenspcralare for growth is in th* neighbooihood of C 

GroirtA on Solid dfedia —On Fildea ot l^nnthaTs mediam the onra! type of eoloay 
produced by E ia/«ra.a » trwaspaitnt, or fS^btlT opaepe, Rreular and dccse- 
shaped, or slightly oooical, with a slightly splartd'oot entire edge. At the end 
ofSAhiTm powthat 37*C. theseeoloiu»c5iial}vattaiQadiaaetef ofO-S-O-Sma. 
On farther locoba bon, and la rome casa doriBs the £r«t 54 hoars, the colony becomes 
differentuted into a central porOoo with a granular or ccatouisd miace aa inter 
mediate flattaied porboo, and a sharply beralhd penph*iy with a sazrow epliTud 
oat edge Donng the eecond 24 boon ot growth the eoksT eroa£(y enlarges to a 
diameter of 1 1 5 mo. There u a teodney, which is ooi alnlate, for differenta 
tion to occur eariier and to be mere prono un ced in strains that hate an atrpical 
motphoVrgy The g ro wth ts butcroas and etnulnfira easify 

Some strains, described hr Fittnuo (11^1} as smooth, and be Chandkr Potl^ 
gill and Dmgle (1^39) as murotd. pro coJcmiee that differ from those described 
abore m harmg a smooth, uodiffemitiaied. shghUr mnetad surface. Th^ haro 
an entire edge They tend to attam a lar~er eae (1-3 mm. n diameter) Tber 
are slightly opaque , and. when Tiewed by obLqaeIr transmitted light, tb^ ai“ 
mde^cenl Strains that giro this trpe td ofdcay show anti^pnin ehanefezs, 
differences in pathoffauatr, which are m accord with the new that they rejeesenl 
the “smooth phase of the orgamsm idiile the more fieqoaitjr eicoaatered 
strains, haTjng the colonial appearance penoosly described, are In the ncai 
mneotd or the itxmh state aod are not mdesceut. 

GroufA iR £t^id Afafid —In a soitable bqoid mediam most strains of B tufiaatsce pro 
nse to a uniform turbiditr wrth w vithoat a sl^ht powde-p d^pceit. Some pro 
a more fiocculeat deposit. The latter usaslly show an atypseal msrpl^fcgy. and 
the colonial appearances associated with the more adranced stare ofrmgh canabon. 

Itesutaac*. — H xjijiunza is hailed hr an erpoBure to a teojorature of 50-&)’ C. f^r 39 
mmates. 

Btochenxeal Adinhei — B infuen a usaaBy ferments dertroro though no rororocsh' 
prodacing amd withont gas. Laetoee and mannitol are nerer fermented. Tlie 
action on maltose, saccharose and dextru^vanea. Smooth and ismphologicallr 
typical strains tend not to attack these sahstratos. T3i» roagher moiphcAisicallT 
atypical strains ferment them rather more frequently Tb® prodeebsm of indole 
shows a high correlabon with other characters that dfferentjate between relatirely 
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smooth and relatively rou^h strains, a high proportion of tho former, mchiding 
both Pittman’s smooth strains and the more * typical ” strains isolated from the 
normal nasopharynx, produce indole, bat only a small proportion of tho latter All 
strains reduce nitrates 

// injltienza, as that species is here defined, does not as a rule produce hsmolysts, 
vrhich has been recorded only in a very fevr strains. 

Anit^enie Structure —The majority of smooth strains, as defined by Pittman (1031), fall 
mto 6 well-differentiated antigenic types irluch appear to bo characterued by 
specific polysacchando surface antig'ais, sometimes oecamng in a caj^ular form 
Tho more common rough, or partially rough, strains are antigenically heterogeneous 
i’otftoyrnici/y — Pathogenic for man, particularly in association with Virus i^ect ions, or with 
other bactenal diseases Produces tone death when injected m large doses into 
hiboratoiy animals, and infective death when injected in small doses together iwth 
mucin 

The Koch-Weeks Bacillus 

There IS no knoirn way fn which this otgamstn can ho distinguished from II 
infiutnza Thefact that strains so labelled have been isolated from the conjunctiva 
docs not seem to warrant the allotment of a eejianto specific name 

H. Infloenzertuls 

Isolated from eases of swuie infiuenza in which it is associated with a filtmble 
virus The characters of this species as recorded by Ijcwu and Shopo (1031) differ 
from tbs human strains of i/ m/ucnzeonly lo thatno carbohydrates are fermented, 
and no indole is produced The namber of strains as yet examined does not, 
however, justify any definite generalized ataument on this point (See also 
Kirehenbauer 1934 ) 

H para-iDflnents 

Strains of tlus orgamsm differ from U tnfiuenzcs in requiring the V factor but 
not the X factor for their growth, and in ferraeotmg maltose, saccharow and 
often dextnn In this last respect they resemble the rougher strains of U tnJ1uen.<T 
except that their action on maltoeo is far more consistent Tlieir indiMdual and 
colonial morphology often resembles that of "atypical" B in/fuenais strains 
Bcme are IwajoJ/tie, otbeis are not, and a jew atrams prodaro mdoJe Jo majo 
haemolytic strains tend to be associated with acute pharyngitis and both the hxmo 
lytic and nonfasmolytic strains with ulcerative endocarditis (Ru^U and Fildcs 
192S, Fox 1335, Stuart Hams eJ ol 1335, 3IiJ«» and Gray I93S) Tie organism 
survircs only 2—4 days on sohd culture medii 

H. canis 

Isolated by Fnedbeiger (1903) from tho prepuce of dogs It is apparently 
parasitic, but not pathogenic It differe from B in/iiens« in the follow mg ways 
It reguirea (he X factor, but not the V factor, for its growth On solid media it 
fonns colonies that are at first indistinguubablo from tho-so of // tnjlaenser, but 
later become larger and more opaque As regards its fermentation reactions it 
firments dextrose, saccharose and tnanoit^, pcxxiuces indole and reduces nitrates 
In its fermentation of mannitol it difTers from both typical and atypical stmns of 
U infiiientre 

H. ducreyi 

SIorpholoQimUi/ m tho purulent ili<ebaigo from the iite« rated surface of tlio 
lesion the organinniH npi'car as small oxoul rwls arrangii! m jaira, in groups, 
in chains lymg parallel to one another fi-vcral forms may, howerer, be afwumcil 
Thus, it may appear as a short rod with paiallct si les and rounded ends, staining 
cvenlr , or it may be ovoid or navicnhir in shape with marked bipoUr itaining, 
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or it may occur m pa rs eod t<>eiicl BaTio" a dumb beli appearance In size the 
bacUus 13 about 11 1 5 /i lo»^ bj 06 fx broad (Stem 19'’3) It may bo intra 
or extracellular in poa t on It does not form spons it 19 Gram negative and 
non acid fast In cultures on solid media tbe orgatu.«ma appear os Uolated isdi 
Tiduabi ingroups and m abort chains in fluid media very long chams arc frequently 
formed and in certain media it produces a pcUicle mtb dependent atalactites 
of growth (Cnnba 1939 1913) 

The oiganisms mai be evil ailed by inoculating scrapings from the floor of the 
ulcer on to a medium conassting of 3 per cent agar containing per cent 

defibnnated rabbit a blood the medium should be prepared on the day of inocu 
lat on aod ebould be diatnbutcd into wide tubes hanng a large surface exposed 
to the air (N coUe 19‘*3 Jteenstiema 1923 NicoUe and Durand lOSl) Sereral 
tubes should be inoculated and inculvated at 3o® C Colonies appear m 24 boms, 
and may be picked off for purification On blood agar afler 24 hours the colomes 
ate circular 0-5-1 0 mm in diameter low ccHireX greyiih « hite and gbstenir^ 
with a amooth surface and entire edge after 2 to 3 da^s they may reach a diameter 
of 2 mm and the surface mar show a cratenform. depress on According to 
Runt (193o} growth occurs best m sealed tnW suggesting that it is favoured 
by an increased partial pressttre of COt 

The necessity for blood in the medium and a low partial oxygen pressure is 
stressed by Sanderson and Greenblatt (1937) IVatanabe (1939) confirmed the 
neecas ty for blood labb t blood was best, followed by that of the goat sheep 
ox or mao- He observed no growth stinroJation by CO, 

Accotdmg to Lwoff and Piroal^ (1937) U dueresn rcquiRS S bot oot V factor 
for growth Only amaO quaotit cs of bximn are regmr^ The growth of some 
etrams m the absence of blood or eerum 10 the medium (Bababou-Sala 1925 deAaais 
1993 ) may be attnbuted to the preaence of rmall but sufEciest quanbtm of hemin 
in nutrient broth 

Another medium that u recommended for pnmaiy isolation consists of 1 part 
of 5 per cent glycerine agar and 4 parts of Be*TC^ a egg medium On this 
medium the ootonies are said to be round transparent and oF a rose mother-of 
pearl colour (Rababou Sala ]92») After preliminary incubation at 35® C cultures 
ave raid to vamain 'nahVe at room tempevatuia for about a vaooth. 

In Martins broth, to which 20 per cent of defibnnated rabbits blood has 
been added the organism develof^ tap dly ftHiaing granules which are suspended 
m the 1 quid or become attached to (he walls of tbo tube After a few days an 
incomplete film may form 00 the aurface Cultures in this medium tematn viable 
in the incubator for at least 10 days 

For presemrg the organism it sbonld be inoculated into a tnedium consistuig 
of 0 25 per cent of nutrient sgar 1 per cent starch and **0 per cent, of defibnnated 
rabbit a blood. Cultures on this medium remain abre for a month at menbator 
temperature and for a similar period at room temperature provided they are 
previously incubated for 6 days 

H ducreyi is not specialty resistant it is killed by moist heat at 65" C withm 
an hour and by 0 S per cent phenol in a cotiipantively short tune 

The fermentation react ons of B rfucresn do not appear to have received much 
attention Serologically suspensems from blood-agar cultures are agglutinated 
by a specific antiserum this react on may be us^ for idcnUficat on. 

H ducreyi is naturally patbogemc for man Monkeys have been suceessMly 
infected The organism has a low pathogenicity for chick embryos (Anderson 
and Snow 1940) 

A hsemophihc organism resembling H cants and U ducreyi in requiring only 
X factor but requiring an excess of 00 , m the atmosphere for its growth has 
been isolated from an ulcerative midocardial les on 10 man (Khoirat 1910) 
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H pertnssls 

Isdalion — Isolated by Bordet and Geogou (1906) from cases of whooping cough, and now 
recognized as the causal organism of that Hiapaiif* 
ilorpTiclogy — H pfrtutsis bears a general lesembUnco to U tnjluemce in its morphology 
The cell form is more constant, being usually of the short bacillary type Longer 
bacillary or thread forms may occur, but they are relatively imcommon 
GroiclA EequiremenCs — S pertussit is not dependent on either the V factor or the T factor 
for growth On first isolation it requires a complex medium the most suitable 
being that devised by Bordet and Gengoo, containing blood potato extract and 
glycerol It can, however, be trained to grow on agar The optimal temperature 
for growth is in the near neighbourhood of 37* C 
Grotflh on Solid 21edie — On the Bordet Gengoti medium II pfriastis gives smooth dome- 
shaped, glistening colonies, with an entire edge They are more opaque than those 
of II wfiuenia, and are greyish as well as gltstening They have been likened not 
mappropnatcly to a bisected pearl, less appropriately to a small drop of mercury 
When fully developed they tend to bo rather larger than the colomes of H tnfluemig 
but they develop more slowly and the characteristic appearances described above 
are often not obvious m less than 48-72 hours* incubation 
Groitih in Ltqvxd Media —In serum H pertusns gives a uniform turbidity with a slight 
deposit, which is sometimes slightly flocculent. 

Be^utonce —B periuam is lolled by exposure to a temperature of 65* C for 30 minutes 
BioeAetniesI ^etiiibee — B pertussis docs not fermont any sugar It does not form indole, 
or reduce nitrates It produces a hasy zone of bsmolytu 
Antigente Strveivre —E pertussis m the normal smooth phase constitutes a single antigenic 
type In artificial culture, particularly on a relatively nnfavoureble medium it gives 
rise to rough or partially rough, varunts, with a different antigemo structure 
The antigen characterizing the S form, and the endotorm of 11 pertussis are sero 
logieelly related to the oorr^poading substances in B paraperiussu and B bivneht 
eeptieut 

Palhogemeitif — // perluMii a the canre of whooping cough in man Injected in large 
doses into laboratory animals it gives nse to a fatal toxtemic infection very similar 
to that produced by H tnflaemiB Introdnced intranasally or mtratracheallv, it 
produces a fatal broncho pneumonio infection 

H parapertussb 

An organism isolated by Etdenng and Kendnck (1937) from cases of whooping 
cough m the United States which differs from H pertussis (a) in produemg a 
brown pigment on certain blood media (6) in producing catalase, and (e) m havmg 
an S somatic antigen and an endotoxin nhich are apparently distinct from though 
related to, tho«o in H pertussu 

H bronchlseptleas 

Sijnoni/ms — B bronchiaepticiis, Br bronehueptica 

Jsdlatton — By Ferry (1911) in the Umted States, and bj JI Gowan (1911) m Edmburgh 
from dogs affected with dtstemper 

Bahtlol — Strict parasite, occurring m several different species of ammals and sometimes 

Morphology — Similar to H pertussis but is rnotile by pentnehato flagella 
Cultural Charaeiensltos — Crons fairly well on nutrient agar media producing small, 
round, convex amorphous colomes, with smooth glistening surface, of bntjrous 
consistency Grows best under aerobic cooditions , no growth under strictly 
anaerobic conditions In agar shake eulturec growth is almost entirely on the 
surface Some strains are haeoudytic 
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or it roar occur m paira end to*«id, hanng a dumb bell appearance la »ae tie 
bacillus IS about 1 1-1 5 /i long b3 0-6 ft broad (Stem 11^) It mr be Etrj 
or estracellular in position It docs not form spores , it m Gram negstire, ud 
non acid fast In cultures cm aobd media the orgarasras appear as isolated lai 
viluals mgroups andinehortehauw, Influid media TCTylongcbainserefinpic-jy 
formed and m certain media it produces a pellicle with dependent “etabchtes" 
of growth (Cunha 1030 1013) 

The organisms may be nUinitfd bv inoculating scrapings from tbs floor of tie 
ulcer on to a medium consisting of 3 per cent agar containing SO-33 per rerw 
defibnnated rabbit e blood the medium should he prepared on the dav of tunrj 
Ution and shoul I l« distnbnlcsl into irido tubes haring a large surface ezpowd 
to the air (\ieoUe in23 Ilt«n«tienui 1923, NicoUe and Durand 1924) getrd 
tubes should be inoculated and incul ated at 35* C Colonics appear in 24 boon, 
and may be picked off for purification On blood agsr after 24 hour* the tokaes 
are circular 0 5-10 mm in diameter, low conm, gicyish white and ghrtenu- 
mth a smooth surf are and entire edge , after 2 to 3 davs, they may reach a dametw 
of 2 mm and the surfaco may show a cratenfonn depression ^cctsdisg to 
Hunt (IdSo) growth occurs beat in iwaled tubes, eugscstiag that it u faTXiel 
by an mcreawd partial pressure of CO*. 

The Tieccssita for blo^ in the medium, and a low partial oirgen pirasue » 
stressed bj Sander^jn and GitcnbUlt (1937) WaUnabe (1939) confinud th* 
necessity for blood rabbit blood waa best, followed by that cf the goat, sheep 
os or man He obvrred no growth stimulation by CO* 

Accordme to Lwoff and IhrosVy (l'*37) H ducrryi reqruTW i. but not V farter 
for growth Oidi imall quantities of hsmin arc rcquir^ Ibc growth («e 
strains m the alxence of blood or MTum in the mwbum (IlababooJSalt 1*25 d»A«» 
1926) mar be attnbutcil to the pr es e nce of small but soiflnent qsaatitiei of hcaa 
in nutrient broth 

Another mediam that u recommended for primary Lvlation cossuti of 1 part 
of 5 per cent glicenne agar and 4 parts of B«rrdba« egg rocdiam Oa tha 
medium the colorucs arc said to be round transparent, and of a row molierof 
pearl colour (Habafxiu-Sab 192») Aftcrprclnmnary incubation at 35*(X,ml'=^ 
are said to lemam nable at room tcmiwraturc for about a month. 

In 5Iartin s broth, to which 20 per cent of defibnnated rabbits blood hr* 
been added the organism ilerelopa rapidic, forming granules, which are eaipcTdtd 
m the bqmd or become attacbfd to the walls of the tube. After a few “ 
mcomplete film mav form on the surface Cultures m this medium remain 
m the incubator for at least 10 days. 

For prt-ictTing the organiam it sbonld be inoculated into a mediora 
offt25pcrcent ofnutnent agar, 1 per cent, starch and 20 per cent, of defibraa-w 
rabbit s blood. Cultures oa ihis medium remaai alive for a mimth at menba-r 
temperature and for a similar penod at room temperature, provided thev u* 
previously meubated for 5 days 

H ducreyi IS not spccisllrreoistant it is killed by moist heat *t 65*0. wittn 
an hour and bv 0-5 per cent phenol in a comparatively short time 

The fermentation reactions of It duertyt do not appear to have received ffiuf 
attention Serologicallv, suspensions from blood-agar cultures aie ac^ii*i® 
by a specific antiserum , this reaction mav be used for idcntificatn m. 

H dvtrryt 13 natutalJv pathogenic for man. Monkeys Lave been 
mfected The organism has a low pathogenicity for cLck embrvoB (Am- 
and Snow 1940) . 

A Lemophflic organism reambluig H eoB« and H ducrtyi m ^ 

A factor but requiring an excew of CO* m the atmesphere for it* gro«o. 
been isolated from an ulccrafav© cndocaidial lc«ion in man (Khairat I*!®)- 
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R pertujsis 

Isolation — Isolated by Bordet and Gengon (1906) from cases of whooping cough and now 
recognized as tho causal organism of that diaoase 
Morphology — H pcrtusns bears a general resemblance to H tnjli tmce in its morphology 
ITho cell form 13 more constant being usually of the short bacillary type Longer 
bacillary or thread forms may occur but they are relatively uncommon 
Qrmrlh Requirements — II prrl /asts la not dependent on either the V factor or the \ factor 
for growth On first isolation it requires a cotnplos medium the most suitable 
being that devised by Bordet and Gengoo containing blood potato extract and 
glycerol It can however bo trained to grow on agar The optimal temperature 
for growth is m the near neighbourhood of 37* C 
Grei 'th on SoU I Mtilia — On the Bordet-Gengou medium II perl issis gives smooth dome- 
shaped glistening colonies with an entire edge They are more opaque than those 
of H ivjlutnsee and are greyish as well as glistening They have been hkened nOt 
inappropriately to a bisected pearl less appropriately to a small drop of mercuiy 
WTien fully developed they tend to ho rather larger than the colomes of II tnfiuenza 
but they develop more slowly and the charactenstio appearances described above 
are often not obvious m less than 4S-72 bouts incubation 
Growth tn Ltqitid Media — In scrum II pertusats gives a uniform turbidity with a shght 
deposit which is sometimes ehghtly (locculent 
Ruislanet — E pert issis is lolled by exposure to a temperature of bti” C for 30 minutes 
BiocAemieoMetuities — II pertussis does not ferment any sugar It does not form indole 
or reduce nitrates It produces a hazy zone of bsmol^'sis 
Antigenio iStruelure —H pertussis in the normal smooth phase constitutes a single antigemo 
type In artificial culture particularly on a relatively unfavourable medium it gives 
nse to rough or partially rough, vananU with a difierent antigemo structure 
The ant gen chanictenzing tho S form and tbe endotoxm of II pertussis are sero 
logically related to the corresponding substances in 11 paraptriussts and n hronehi 
StpllCUS 

Pathogenicity —11 pertussis is the causo of wbooping cough in man Injected in large 
doses into laboratory animals it gives nso to a fatal toxemic infection very similar 
to that produced by II tnfl lenza Introduced mtranaanlly or intratracheally it 
produces a fatal broncho pnenmomo infection 

H parapertussis 

An organism isoUtcd by Elderuig and Kendncfc (1937) from cases of whoopmg 
cough in the Umted Slates which differs from H perfussts (a) m produemg a 
brown pigment on certain blood media (6) in producing catalase and (c) in having 
an S Bomstic antigen and an endotoxin which are apparently distinct from though 
related to those in II pert isw 


H broDChlseptleus 

Synonyms — B bronehisepticus Er bronehtseplioa 

Isolation —By Ferry (1911) m tho Umted States and by M Gowan (1911) m Edmburgh 
from dogs affected mth distemper 

Habitat — Strict parasite occurrmg in several different species of animals and sometimes 
m man 

Morphologj — Similar to H pertussis but is motile by pentnehato flagella 

CuUiral Charactenstics — Grows fairly wdl cai luitncnt agar media producing small 
round convex amorphous colonies with smooth ghstening surface of butyrous 
consistency Grows beat under aerobic romditions, no growth under strictly 
anaerobic conditions In agar shake cultures growth is almost entirely on tho 
surface Some strains are haemolytic 
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— Similar to Tl ptrivf^t* 
Btorhtw\nB — lI»mo}rsui produwrf, 

•Ctire on rwt corpuscles of rahHt dog 
and gntnea pig Gro^rs frceJr «i Sfac 
Owikn yo carboh^ilratfs fermenffd 
IVoduofs marked alkaliruty in litmus 
milk. Nitrates often reduced. — . 

NH, rerr sLghl prodnetion or none at 
an Catalase — Gro«s m K»er’« 
citrate 

Structure —The sorface antigen of 
111* b fona, and its cBdotonn, are sero- 
kwicalij homoptneoos, and related to th" 
comspondmg substances in II 
and II joroperfa-MH 

/'aMoyonci/y — Frequent cause of broncLo- 
jeieumoma in radents. and of bronebo- 
pnenmoRia eompbcating distemper in 
dog* ErpenmentalJr, intrapentoncal 
inoculation of guinea pigs with 0-5 to] of a 24 hours* broth cnltnre causes death 
in 24 to 4S hours Po*! mortem, there are smaD Inemorrhafe* on the pcntoneum. 
and a nsod trsa«Iaeent exodata forming pseudo-merohraneS on the Iitw. spleen 
and th“ Jess mohile parts of the intestine TV bseilb aie eanJr recoTenrd &vni 
the peritoneal canti, but with diffieoltr from the blood, brer and longs Sob 
cutaneous taocniation prrxlares oolr a locai lesion Feeding and lahatatian are 
without effect The organism is non pathogenic to mice It npiiDp I»«a its 
nmlenee in culture 


Fic 1“0 — UcmopItUus bnti(}ii»rj4tttu 
From an agar culture. 24 houra, 37* C. 
(X lOOO) 
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CHAPTER 34 


BRDCELLA 

D rTEfmov — BnctBa. 

Cmall, tioa motik Dan-sp>wiR? Gr&m ccntire eocoo>bac{IIi. Grow TAihsr 
pocwlr (St crdmuy ctetLi, or (cat r^qiiuv speoA] latdM. Aeroti e so grawllt 
tmdfr <tzirt saAeroble cra<L^o(U. Growtli oftdt m){rOTed br 00^ Zjttk oc no 
ferzceotAtire ftctioo on carbobtiirates. UsaiDr trad to produce alkali m litmoj 
milL, aod a brenro pi^mratatMo oo {>o.ato. Stzvl pmatee, ocgunng la ican 
aad animals, aod {roducut^ cbantctmstie iaft<tMcs. 
spectee. BnieeHa mtliletuu. 

Histoey — T he fir*t member ol the gnrop Br wrfi/mm wus isolated m I8S 
bj Brace from the <pleea of patieaU who had (Led of Malta fever At that time 
and for & lo&g time afterwards the LacilUrT oatrue of the amaiOD was not 
recognized m all the older textbooks tt is therefore described as a sueroeoccos. 
The oTganimi dads Its oataral habitat lathe goat and th» sheep litnav however 
infect other animals. In man it gives nse to osdalaat fever It is fairlj wiJelr 
distnbnted thionghont the world 

Tha diacorerr of th» «oco&d member Bf abortus was made bv Bang of Copes 
hagen in 1®97 forking in conjonction with ^Jilwlt he isolated th* organism 
from cows »nficiing from infections abortion and bv a wnes o^eipenmeots demon 
strated its specific role in this disease The orgauim t. parasitic in cattle To a 
less extent it mfects certam other animals. In imn it gives nse to ondolant fever 
It IS periiajis even more widesp’ead than Br mefiierwu baniig been fonnd in practi 
cally every coimtiy of the world. 

The third member of the g^op BntceOa tularertns was laoUted bv McCov 
and Chapm m 1912 from a plagne-Iihe disease amo^g rodents in California and was 
called by them Baefenum tufomue It infects groimd-oqnirrels jack rabbits and 
other rodents and occasionally give® ns* to a disease m man caQcd tnlaramia. 

The fonrth member Br luu wasisoIatedbvTiaamllSHJfrorathefcEtnsofasow 
ft isa astmal paraate of m whari tl givYS use to a dtsea« fteqneatfrcharactef 

izcd byinflammatorylcsions in the reprodnctive organs. Itmavoccasonallrmfect 
other animals. In man it »hares with Br mdutntts and Br abortus the abihtv 
to prodnee ondnlant fever It appears to be verv much less widespread than the«e 
two organisms ita chief home being m the large hog raising distncts of the middle 
western states of North Amenca. In Denma k Br euis e^rams have been isolated 
by Thomspen (1931 1934) whxh differ m certain ivapects from those foend m the 
United States they vriU be referred to as the Danish poreme tvpe The Amencan 
type has been foand occa^ionaHv m Eniope (see Thomsen 1*»34) and has been 
reported from Brazfl (Neiva 1934) the Argentine and Anctraba (King 1934) 
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Nomsiiclature. — W e have no space to discuss the early confusion of terminology 
that existed over members of this group. The whole position was altered when 
Evans in 1918 drew attention to the essential similarity of the organisms which 
at that time were described as Micneoeeus mehUnsis and Bacillus aborlus. Nor 
do we propose to discuss the vahdity of the generic name Brucella suggested for 
them by Meyer and Shaw (1920) and byFeusierand Meyer (1920) in honour of 
Sir David Bruce. This is so appropriate and has met with such universal approval 
that no other term seems likely to enter into serious competition with it. There 
are, however, certain points that require discussion. The three o^anisms isolated 
from goats, cattle, and pigs respectively ate so closely alLed that their differentiation 
can be accomplished only with difficulty. The question b, therefore, whether they 
should be regarded as varieties of one species, or should be ranked as separate 
species. Both proposals have their advocates. On the whole we favour the latter 
course, mainly for the sake of convenience. We shall therefore refer to these three 
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organisms as Br. melitensis, Br. aborlus and Br. suis. It must be pointed out, 
however, that the differences between the American and Danish porcine types are 
almost as great as those between the porcine and bovine types, and the decision 
to treat them as varieties of Br. sms is purely arbitrary. 

The names parameUlensts, para-aborita, and parasuis are frequently used to 
refer to inagglutinable strains of BnaxBa, corresponding most closely to the meli- 
lensis, abortus, and suis types. So long aa the so-called para-strains were regarded 
^as distinct species, no objection could b® raised to this terminology ; but now 
that they are known to be merely rough variants of the origmal smooth forms, 
this practice b no longer justifiable and merely serves to confuse tbe nomenclature. 
We shaU refer to these, therefore, as rough tnelifaisis, aborlus, or suis strains, as 
the case may be. 

The inclusion of Br. tularensis in thb group b lar^ly tentative. Reimann (1932), 
along with several other workers, would asrign it to the Pasleurella group on account 
of its bipolar staining, its solubility in 1/800 sodium licinolcate, and its transmission 
by insect vectors. On the other hand its general morphology, the beneficial effect 
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of CO, on its growth, its cylotroplism («ee Bnddmsb and Womack ]9il}, its 
failure to develop anaeiobicallv, its piodortioQ of H,S, its very wexiL fennentatiTe 
ahilitv, its antigenic a&mtv to Br mclftmns and Br ohortus and its hich patbo- 
geniaty for mim m the laboratorr qualify it perhaps even better for incJas on 
m the BnictJla group Since, however, jt has not been studied with the «aiEe 
thoroushneas as the other members, we shall exclude it from the following de«cnp- 
bon of the group characteristics, and desenbe it eeparatelv at the end of the 
chapter 

Morpholep and Staining — The hadlli are short and slender, the is 
E trainht the ends ate lonnded , the sides mar be parallel or convex outwards. 
In length they varv from about 06 to 1 5 /«. and m breadth from 05 to Oi ft 
The short forms mav appear as oval coco, or, if they are about to divide, as diplo- 
cocc! \s a inle thev are arranged smglv, in pain, end to-end or m smaU 
group- sometimes short chains of 4-6 members mar be seen especiallv m Ii^mJ 
media Owing to the frwji-ent coccoid appearance, their banllarv nature mav be m 
doubt, but It mav be noted that m sire they are ^mailer than anv of the Gram 
negative coca Moreover, when arranged m pairs their long diameter is in the 
same axi« a^ that in which thev are long in di tinction to the Gram ne^'atrve 
diplococci, whose long axis is generally at nsht angle- to that in which thev are 
lying 

Br mdtUnsu u generally considered to be more coccal is fom than Sr ohoiiut, 
and for this there is some jnstificaboa. The diEerenre la sue and shape, how 
ever, is so slight as to render it impossible to distmgsish with certainty between 
mdividual stram&. Duncan (192») has pomted out that the«e orga&sms, when 
grown on agar or glucose agir, <how no tna^ed morphological differences , but if 
they are cnlbvated on a lebtirelj nch mednim, «uch as FiMes* peptic digest blood 
agar, the Br abortvt strains frequentlr develop long baciOaiy forms, reaching 
2-0 or 3-0^ m length, whereas Br mditcnw •trams umallr retain their coccal shape 
and rarely exceed l-O m length. 

The organisms stam faixlv well with the ordinary dves. Bipolar etaming u 
not uncommon, and occasionally itregnlantv in the depth of colour is seen. In 
old cultures uregulai forms may be noted They arc Gram negative, non-aad fcst, 
non motile and non «ponng The presence of capsule* m fre-hly isolated smooth 
trams has been de<enbed (Huddle-on 1®40, MicLlc 1910) 

Cnltural Beacbons — ^Apait from their different CO, reqmremeats, the members 
of this group resemble each other clo^elv m their cultural charactensties. J»one of 
them 13 dificult to grow , none grow s profosely On armr the colomes are small, 
trai^ucerrt and undifferentiated- In broth there is a moderate turbidity with a 
slight powdery or viscous sediment, which disintegrates completely on diating, 
after about 2 weeks m the meubator or at room temperature the deposit becomes 
extremely viscous, and can be disintegrated only with difficultv According to 
Thomsen (1933) if the organisms are grown in fiasks of breth instead of m tubes 
the iu« and CO,-sensitive alorfus tvpes give nse m 1 to 3 weeks to a mealv or 
scaly surface pelhcle and a heavy depo^ that t difficult to diamtesrrate by shabng 
Aerobic abortvs strains form no pellicle, but produce a nnifonn turbiditv and a shght 
deposit that is easily disintegrated. Strains of Br ruhtenns give nse to a faudr 
dense turbidity, a moderately heavy deposit, and a granular, usuallv m'Himp’ete, 
Euiface growtlL Growth m gelatin b poor, and is unaccompanied by liquefaction 
Perhaps the meet striking pecuhanty is the yeDowiah colour that develops on potato 
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m 2 to 3 days, deepening to a cafe au lait or chocolate tint la the course of a fort- 
night Individual strains vary m the depth of colour they produce, some giving 
a darker hrown than others The pigment is not confined to the layer of growth , 
It spreads throughout the potato ItwiII he recalled that a brown growth on potato 
13 also given hy P/ maVei, Pf whtmon, V dtolerw, and Ps fyocyanea, and certain 
other organisms A similar hut less intense brownish colour is sometimes notice 
able in old agar slope cultures, particularly of Bt mehlensis ( Kns tensen 1931) , it 
IS not sufficiently constant, however, to Ite of differential value 

ITuddJeson, Haaley, and Torrey (1927) and Huddleson and Itmter (1927) have observed 
the development of crystals of ammonium magnesium phosphate m cultures of Brucella 
on liver agar incubated aerobically, but not in B-10 per cent CO^ They regard their 
formation as being due to the production of ammonia by the growmg organisms and 
to Its combination vitb the m&gneaiwsa phosphate in the medium In their ezperient% 
crystals arc formed much more rapidly by melttensu and parameh/enatj than by abortus 
strains Our own experience (Wilson 1933) bears out their observations to some extent 
but does not suggest that the differencea between diffeient types are sufficient to be of 
value in the identification of individual steams Incidentally American sins strains 
appear to be moat active in the production of ammoma 

Attention has been dcuivn by de Santis (1933) to tbe different appearances presented 
on PttragnaM a tgg medium Straina of Br meJUensH are said to grow on this medium, 
and usuaU} to change tbe colour from hght yellowish green to dark green Br aborlua 
strains on tho other hand, generally fail to develop The behavioui of Br aiiis Etrams 
IS doubtful, but m oar hmited experience growth is not infrequent Tbe leliabihty of 
this test for differential purposes is still under discussion (see Slenzani 1931, Tosatti 1934, 
Messieci 1930, Vittone 1933 Pagniiu 1933, Foresti 1935) Tbe general opinion seems 
to be that it is leas satisfactory than tbe H^S and dye tests (see later] According to 
Schwotzmaier (1933) Br mclitensw grove on Petrsgnam s medium both with and without 
malachite green, Br suts grows only without malachite green, and Sr aiortua fails to 
grow under cither condition The mode of preparation of tbe medium appears to be 
of importance If it is heated to a temperature above SCC for too long the nottsal 
inhibitory action of the egg albunun or tbe bovme and porcine straina is destroyed thus 
aSomng aomo derelopment of tbeao orgaaisma to eccar (da Sastia 1933) According 
to Martun (1935) the inhibitory effect of the e^ albumin on abortus strains can be removed 
by the addition of sufficient IICl to lower tho reaction of the finished medium from pH 8 4 
to pH 6 8 If this la true, it suggests that the effect may be related to the greater necessity 
of abortus strains for COj 

Growth IS rather slow, and unless a biily heavy inoculum is made, colonies 
are not usually visible for 2 days or even loi^r In broth the maximum turbidity 
IS not reached for a week or more On the whole the American porcine strains 
probably g’re tbe best, sod ibe I>sia3b potvioe atraios the poorest growth the 
mehlensis and abortus strains occupying an intermediate position The behaviour, 
however, of different strains of the same type is subject to so much variation 
that no reliance can be placed on this character for differential purposes 

Br abortus Br mehtensts and Br aias, when inoculated on to the chono 
allantoic membrane of tbe developing chick embryo, are able to multiply and to 
bring about death of the embryo in a few days with lesions m the spleen and 
hver All three organisms grow mtracellidacly — Br melitensis in the ectodermal 
epithelium, Br oiiorfua and Br in cells of mesodermal ongm and m the vascular 

endothehum Rough strains are nonmvasive (Goodpasture and Anderson 1937, 
Buddmgh and Womack 1941, de Bopp 1944) 



The colonial appearance of BreetSa depends on the emootluKss or roughness of tb^ 
rtrain. The di^crance Itetween smooth and rough colonies ts not great* and is Lest Lroo^rbt 
out bv exanimstiOTi ander a binocnlar {date microscope tj«tcg obbqneljr tnnsgotted b^bt 
Colcoura of anligenically smoolb strains ^ Br ahortiu «m potato agar are small, blmsb 
and translacent mtb regular margins and a smooth glist«ung tnrface Ihe lodindoal 
cells ate niufonnlv short rods arranged su^jr Colonies of antigwucaBr roogfa strains 
are of isoch the same size as smooth c«lc*ue«, hot are less convm, mote opaque, and 
have a dull granular appearance. The uidmdaal cells are ofuallj eome«hat largi3 than 
these of the smooth trpe, and occaatonal long deader tods may be observed. Inter 
meduto colomal and morphological fonns have also hem desczlbed (Mmg^ and Mantta 
1941) Hie colonial diEercncca an intensified on glrocfol glucose amr On this medium 
S and P> colonies, if exaznincd bj obhqnc transmitted h::ht against a dark Lackgraund. 
produce the appearance of an irregular mosaic of light and dark, ernred and angular areas 
(Henrr 1933) 

Growth Hoqturements —Growth la gencraDr tmp'oved br the addition of natoral 
animal protein to the meditun The mo-t satufactorj medu, particnlarlr for the 
growth of Br eiortus and Br mtjilentu, are brer extract agar — fir«t de^nbed br 
Hohh (1911 ), snbseqnentir by Sta£>et h (I9ilO},aQd frequently referred to as Huddle 
son 3 mediora — 2 per cent glycerol agar (Zeller and Srocfaiarer 19$3), Fl^nuBg's 
(1919) chocolate a^r (Sewy et al 1932). 5 per cent, senna agar and Barto-tiyptose 
agar ZobeU and Merer (1932) hare deacnbed a synthetic mediam in which the 
metabolism of BivnUa strains may be studied- Br we/denm and Br tvtt are 
said not to grow m so asuco-scid glocose loorgame salt mediom osJe^ mcotuiamide, 
thianun and paotothemo aad are added . Br abortu$ requires biotin as well (Eerby 
1939, Eo<er et at 1941, Eo«et and Wngbt 1942) 

Ihe range of tempefatore consistent with growth is 20*-40* C , the optianm 
being aboot 37* C At 20* C growth is re*T slow The effect of H ion concentri 
tion is rather difficult to diasociste from that of C0». ^Jany strains of Br atiortus 
requite for their optimum derelopmcnt a concentration of 5-10 per cent (X)t m 
the atmosphere This has the eff->ct of tmniog an aliaJine mrdinis acid For the 
growth of these oigantmts an initial H ion concentration of pH (i-€ is desirable 
The other xnefflben of the group nsuallr grow as weU on an alLahne as on a <lightlr 
acid medium , bnt since, as will be pointed oat directly, ex en rnttUeruu strains are 
often benefited bysamaUamonntofeitraOO,, it is adnsable for practical parpo«es 
to adjost media to pH fi-fi-fiS 

CO* BeqnireineQts — One of the most xntensting features of the BructUa group 
IS their peculiar re«piratoiT behavioar Ever since its original isolation br Bang 
(1897) Br abortus has presented rertam difficulties in cultiratiom 2\o growth 
oorors on a solid medium under aerobic caadituns It, howecer, the tube is 
suitably sealed (Preisz 1903) (see Fig 173), or if it is attached by rubber tubing 
to another tube inoculated xnth an organism such as B tiAtUis {Nowai 190S), 
growth occurs after a delay of a few days. These observations were generally 
interpreted as showing that Br ahortxu was micfoaerophiiic, and could not grow 
till the partial pressure of oxygen over the culture had been lowered to a suitable 
extent A similar mterpretation was also placed on the fact that, when inoculated 
into a serum agar gelatin shake medinm. it grew in the fonn of a band atuated 
about J cm. ^low the surface -(Fig 174) 

Credit 15 due to Hnddle»on (1921) for lowing that this organism reqnires for its 
development a partial pressure of CO, higher than that normally present m the 



QROfTTH nEQUIFE3lS\TS 


atmosiihcn* (0-03-0 01 jM.r ccnl ) Ue found that if slop s of Br abortus were 
mciiUiti'a m a j,l jar conltunmg 10 per cent CO, good growth occurred in 2i 
hour* while under acrol it conditions then, was no growth at all Analysis of the 
gas o>cr n rulturo of H rcvnlcdtlie presence of CO, an 1 it was therefore 

concluded that tlie success of Isowaka mctliotl depended on the eiolution of this 
gus rather than on n decrease in the partial pressure of ot^gen Further work by 
''inith (1921) and McVlpinc and Slanetz (192S&) confirmed 
If c imjiortance of CO, Smith slioned th-it development 
was much fitter in an atmosphere of 10 per cent CO, 
rfi m m scifetl tulas ami that m agir shnfci cultures either 
wile 1 or mcululcil lu an atnioij hert of 10 j er cent CO, 
growth occiirrol nut in a bind below tbe surf tee fts Hang 
(ISUT) an I his co worker Stribolt had found but on the 
surf ICO Itself 

Insjjteof thev* olscnations it nisnot easj to uodir 
stanlwhj growth sboull occur in reilctl tuWs orwh) in 
the alfsonce if luHwI CO, grouch in ahaki (ub«.s sIiottM 
occur in a han 1 Mow the surf ice 

A full r study of the piseooa rt<iuirrments of Dr abortus 
(iiilson 1931a} showed (1) that the organism would not grow 
aiivnhrxUj evin m tlw prevneo of added CO,, nor acrolicnllj 
in Its al sence (2) that growth »o«W occur m fiartiil pirwmro* 
cfoijgen sorjing from O-VW-0 i«,rcent {rovuledanimmiim 
of 0-S jvr ornt CO, was nldt-rl and in {wrtbl pn-srum of 
CO, varjmg from 05 OSO |rf cent providwl a minimum of 
05 piT rent. oz}gen uu ad led {3} that tbe optimum partial 
jrMsuro of OS} gen for dercloj ment was about SI prernt 
i e that Rormalt} pnaont in the atmeaphere and of CO, about 
10 jwr cint So eridcnw wa* obtained to •ugi,rol that a par 
lul proiwuro of oxj-grn Ion cr than that twmallj pjw/it in the 
atmosphere wm brncGouU to growth It scorned clear thertfore 
tliat rieitlir gronth in arold tube* nor (he band jlicnonicnon 
in shake tubca could be due to » preferenra of tbe organwm for microaeruphibc conditions 
Further obsetTstiorw (H ilson 1930) ehoned (list CO, was giren off by bunuog cotton wool 
pligs and to a U-ss rstcnl bj lientcd {utranin wax rubber stoppera and scaling wax 
Analysu of tlie gaa iiui le alenlu sralcd tubes rt-veskd tbe prcse&ce of CO, in amounts 
valuing from about 1-3 per cent — a proportion ample to initiate growth in inoculated 
tubio Til'* larger tlie number of organisms woCTiiated the less need was there for 
additional CO, smeo the organisms thcmsclTes proiluced a certain amount of this gas 
Bat with Inoeulii of anj *iae growth wis alwaja meet rapid and loxumnt when tbe 
partial pressures of DX>grii and CO, niMt tiearly approached tbe optima 

Simdarly cndenco was brought (Wilson 1931b) to suggest that tho band phenomenon 
m shako tul>«i was duo to tho necessity of an adequato concentration of CO, (Fig 174) 

It was found that this gas was given off to a certain extent by the organisms themselves 
and to a still greater extent by certain media particularly those containing serum Growth 
could not occur at the surface because the CO, was gi> en off into the atmosphere nor 
could It occur in the depths of tie rocdinm because tho conditions were anaerobic It 
tljercforo cotnmenetd in a lono as near tbe surfsco as was consistent with the mamtenance 
of an adequate partial pressure of CO, If tho tube was sealed or was incubated in an 
atmosphere of 10 per cent CO, tl eu growth occurred at the surface where the optimum 
partial pressure of OX} gen existed This exjdanatlon when sightly atnphSed, was found 
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to fit tLfr Biu&aoaa cl>semUoa& ca Tftn&t»n w dist&5e& 
of the L&nd &oci the raifiue, kttd on the so-caDed donhW 
tooe phefKRDenoQ, in vlueh two Lands of growth sepanted 
from each Other appairollr nt»alt«ed medica, are 
nsib^ 

TLe detzufid for an increased partial pressure of CO, 
13 particnlarlr characterutic of ofccrtiif strains Not all 
strains, hosstTer, of th\n organism require it {«« Smith 
1924, 19266) Sonthcm Rhodeaan strains (B«Tan 
1930), for example, grow quite weD under ordinaij' 
aerobic conditions. Moreover, even scrams that need 
extra CO, on isolation freqnentlv become adapted, 
after » variable time in the laboratory, to do witbont 
it The growth of many strains of Br tmiilesisu is 
greatlv benefited by incnb&tioa la an stmtepicre cf 
fi-10 per cent CO, tbongb some growth always occurs 
in ordmary air Tie porcine strains, bo'h American 
and Danish, appear to be lear* dependent upon CO,. 
Tic ad<LtioQ 0^ this gas to the air never improves their 
growth and sometimes actnally inhibits it How the 
CO, acta is not definitely known. Alteraluon in tie 
H loB eonceatntioo of the tsediom does not seem to 
be tie explanation. It has been *ngge**ed that ti» 
gas passes through the ceD wall and bnsgs aboot a 
change in tie lotracellala; H loo concentration or 
oxidation redaction potential, which a neeessarv for 
tie initiation of growth. As Gladstone, FUdes, and 
Kicbaidson (l9St)} have thovn, COtseeros to be required ta a greater or less de g ree 
by practicaUv all bacteria, and presumably plavs an important part in the.r 
metabolism (see Chapter 3) 

Cnlbrabos in the Presence ol Ofts — To HuddJeson and Abell (1923) and 
Hcddleson (1929, 1931) we owe a valuable method of distinguishing between the 
tn^tlentis oiorfus, and ruu types, depending on their abDi^ to grow in the presence 
of certain aniline dyes. \Vithont entering into tb* detailed technique of the method 
wc may sav that the general prooedure is to prepare plates of iitet agar, pH 6-6 
containing 1/30000 and 1/60 000 thioiuo 1/25000 and 1/50 000 basic fnchnn, 
1/30 OOO and 1/100 000 metivl violet, and 1/100000 and l/KOOOOpvronin Th* 
dyes nsed must be obtamed from the Naticoal Aniline Chemical Company of hew 
York, or standardized against these dyes The o*gaflisin3 are inocnlat^ rathe* 
heavily on to th» plates, which are then incubated for 3 davs aefobicaHv, or in 10 per 
cent. CO, according to the probable nature of the etiains under examinatffin. 
Strains of Hr oicZitcnstaasnaCvgrow to some extent m the presence of all four dve , 
Br aborias strains are inhibited by thionm but grow freelv in the piesonce of 
the other three , Hr auu strains grow weD la the presence of th,onm, but are m 
bibited by basic fnchsirt, methvl violet, and pvronin Though this is the 
general behaviour of the three types, there is considerab’e variation between different 
strains of the same type, especially those comins from different localities (Merer and 
Zobell 1932, MMson 1933) Some strains of inf/itenns for example, mav grow very 
pooriy on the thionm, methyl violet, or pvronm p’ates. Southern Rhodesian strains 
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of Br aborhis often have a rather greater leaistance to thionm than ohortus straina 
from other sources The Daojsh ««# strams are more susceptible to all dyes than 
the American suis attains, though their differential susceptibility is the same , for 
this reason they must be tested on plates containing only half the dye concentrations 
just given If reliance is placed eidusively on this method of differentiation, 
confusion -will not infrequently lesnlt between strains of different types If on the 
other hand, it is used, as we believe it should be used, in conjunction with other 
methods, it will be found of considerable value No other method, it may be noted, 
13 so useful m distinguishing between bovine and porcine strains. The method 
has been subjected to gome cnticism (Saitta 1929, Meyer and Eddie 1930 Marshall 
and Jared 1930, Cerruti 1933, Maggtora Vergano 1933), but most workers have 
reported on it very favourably (Knstenaen and Holm 1929 Knstensen 1931, Taylor, 
Lisbonne and Boman 1932, Grumbach and Onlbchess 1932, Meyer and Zobell 1932, 
Wilson 1933, Olin and Lindstrom 19J1, Pagnini 1931, da Mmo 1935) 

Resistance — The members of this group exhibit the usual susceptibility of 
vegetative bactena to heat and disinfectanla In aqueous suspensions of moderate 
density they are destroyed by heatmg for about 10 minutes at 60° C , and by 
exposure for about IB minutes to 1 0 pet cent phenol In m’Of they are readily 
destroyed by holder pasteuruation In agar cultures kept sealed at 0° C they 
generally hve for at least 1 month, and often for considerably longer Considerable 
attention has been paid to their resistance under natural conditions, and much 
information on this subject will be found in the Report of the Meditenanean Fever 
Commission (1905-07) So many factors determine the exact outcome of any given 
observation under natural conditions that it is dangerous to draw general conclusions 
from the data so collected In favourable circumstances, however, Br mehlensu 
may remain alive for 6 days m tuine, 6 weeks in dust, and 10 weeks m water or sod 
Br abcTtus may survive for 7 months m infected ntenne exudate kept at about 
freezing point (Bang 1897) In taw milk at room temperature it seems to die out 
fairly rapidly with the production of acid Acid production also seems to be the 
cause of its rapid death in butter and cheese , the organisms can rarely be found 
m these articles for more than a few days (Smith 1934, Fullinger 1935) It may 
live for a month in ico cream (Thompson 1933) Br suw may live on sackmg for 
4 weeks and in sterile faeces for 100 days in the dark (Cameron 1932, 1933) 
Metabolism and Biochemical Properties — ^The effect of temperature and H ion 
conditions on growth has already been considered All the members require the 
presence of oxygen , most strains of Br abortus require la addition a partial 
pressure of COj considerably higher than that found m atmospheric air Under 
ordinary aerobic conditions of incnbation broth cultures become markedly alkaline, 
owmg to the production of ammonia Litmus milk is turned weakly alkaline 
Occasional hsemolytic strains of Br mrlitensts have been described (Form 1927) 
but usually neither the nuhlensts, aborlia, nor sms strains have any lytic action 
on blood The effect of bile salt on growth has not been studied fidly , on Mac 
Conkey’s medium strains of Br abortus, Br mtiiUns^s, and Br suis generally give 
rise to small non lactose fermenting colonies after 3 or 4 days 

In ordinary sugar media no fermentationis observable Unlike most pathogenic 
organisms, the members of this group are unable to produce obvious acid even from 
glucose However, quantitative observations have shown that some tntltienns 
andAmencansuis strains, if grown ml percent glucosepeptone water, may utilize 
6-20 per cent of the glucose within a wee^ while abortus strains are unable to use 
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more than 2 per cent The acid prodaced is more than neutralized by the aliab 
formed as the result of protein breakdovn, so that it la not detected bj the usual 
indicators ilcAlpme and Slanetz (192Sa) hare recommended tie glucose nfiliza 
tion test as a means of differentiating between tie abortus, ineluensis, and tma types 
but most workers ba^ e found it nnrdiaUe, and it has nerw been generally discarded 
There is evidence that arabmcee and xylose are fermented by members of the 
Ervetlla group (llallatdo 1930, Coleman ti cl 1930, MeVutt and Puiwin 1531, 
Silberstein 1932), hat the reaction is of no differential significance 

The methyl red and Vi^s ProsLaner tests are negative Xo indole is formed 
According to Zobell and Meyer (1932), all types reduce nitrates to nitntes. jntntes 
are also rapidly reduced, so that the Gness Ilosvay test on nitrate broth cultures may 
be negative American suis strains are more active than the other tvpes m reducing 
mtntcs Ammonia is produced to a variable extent from peptone, urea, and 
asparagm. Catalase is formed, being strongest with Sr suts and weakest with 
Br abortus According to Hnddle^on and Stahl (19i3), the degree of catala^* 
activity IS closely associated with vitnlence The tednevng action of these organ 
isms 13 comparatively weak (Habs 1930), and in broth cultures methylene blue 
15 often not decolorized Tattle and HuddJesoa (1931) found that Irver extract 
broth cultures showed s negative drift to a luiuting potential after 8 days of 
+ 0-15 to + 0-09 volt Br suis appeared to be sightly more active than the 
abortus or mdtUnsi! types, but the difference was msnffiaeot to be of value in 
species identification (see also Baa and ITang 1933-33) It may be noted that 
some strains of Br abortus lednce basic fuchsin. Enddlesra (1931) thought that 
this was a property of non pathogeue eltaus but our observations do not ^ar this 
out 

HtS ProdoetlOTU — One of the most unportant differential entena, to which 
attention was first drawn by QuddJeson and Abel) (1927), and HuddJeson (1929), 
is the production of HfS This test should be earned out on hi er agar usug lead 
acetate papers (see p 369) Freshly isolated strains of Br abortus and Sr suis 
( Amencan variety) give off H,S for at least the first 4 days, while strains of melitensu 
produce either none at all, or only during th»» first 2i hours of incubation The 
Danish variety of Br su\s forms no H,S In the laboratory, abortus and \mencan 
*ui* straim sometimes lose then ability to produce , the test should therefore 
be made as soon after isolation as possible The interpretation of this test can be 
summed up by saying that, wh3e failure of a given strain to produce 11*5 beyond 
the first day does not exclude its being of abortus or Amencan suis type the con 
turned production of HjS after the first day affords a strong presumption that it is 
not of mdiiensis or Pamsh suts type This test has now bwn widely used, and to 
those who have realized its limitations it has given satisfaction (Fanlh 1 930, Knsten 
sen 1931, Taylor, Lisbonne, and Koman 1932 Zobell and Meyer 1932, Zeller and 
Stockmayer 1933, Wilson 1933, Olio and Lmdstrom 1931, Pagnuu 1934, di Mino 
193o) 

Antigemc Structure — It would be idle to recapitulate here the confosiou that 
reigned for so long over the antigenic relationship of members of this group Pre 
nous to 1918 when Evans demon«trated an antigenic affinity between £/• tnehlensu 
and Br abortus, roost workers bad concerned themselves with comparison of meh 
lensts and so-caUed paramelttensis strains, while for many years subsequently 
progress was hindered by a failure to realize the difference m antigenic structure 
between strains m the smooth and itmgh phases 
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The early work of Bcrgent, GiUot, and Lemaue (190S), and Negre and Raj-naud 
(1912rt, 6), domon^tnited the existence of straina morphologically and culturallj 
rcfcmhhng Sr vulilensis hut failing to agglnljnate to more than a fraction of the 
titre with an anti melitensis scrum These irregular strains were guen the name of 
poramrhfCTiJi* I<ntor on, so-called para ohor/us strains were encountered, and th^se 
were helic\cd to represent merely a apecial antigenic type of Br abortus Further 
8tudj,howc\cr, bj such workers as l-a\illi (lOStkr, fc). Rosa (I927fl), Valenti (1927) 
\ idal and Alwlln (1923) de Antoni (1929), Zdrodowaki el al (1930), Pampana (1931) 
and Pandit and Wil-on (1932) showed that paramtUtensu and para-alorfus strains 
were agglulinablc b\ non specific agents particularly acid salt peptone, and certain 
aniline dacs whereas frcahlj isolntcil strains of Rr wchfcarw and Br abortus vrerc 
un iffccfcil bj those agents un Icr similar conditions Moreover it was found that 
continued cultivation in I roth, or better still in broth containing immune scrum 
lo<l to a transition of nicii/enjir and ahortus strains into paramelitensu and para 
abortus respectively The transition, it maj be noted, occurs much more rcadilj 
withmch/m4i.t than with ahor/ut strains, and evidence of its commencement ts often 
noticeable wiUim a very short time of isolation, even when the organisms are kept 
on solid rocslui There seems to be little doubt that this change, which may be 
accompanied by alterations in colonial apinarancc and by a decrease m virulence 
for laboratory animals, is cs.scntiilly n manifestation of the S— ►R variation 
The antigenic change concerned h not yet clearly understood, but there u evidence 
that It inv olvcs a loss of the specific smooth antigen Strains of different degrees 
of roughacM are encountered varying from those that agglutinate to titro with a 
smooth scrum but are slightly susceptible to non specific agglutination to those 
that are unaffected by a smooth scrum ami are incapable of remaining 
homogeneously distributed even in cold saline Moreover the degree of roughness 
of a given strain appears to vary from one cniture to another Once toughness 
has appeared, it pera^ts or recurs after an intervening period of apparent smooth 
ness. Roughness mar bo tested for by boiling in saline for 2 hours (thermo 
agglutination test) by iiicnbalion at 37* C with 1/500 or 1/1,000 acnflavine 
(Ale&sandnm and Sabatucci 1931, Pampana 1931), by agglutination with an 
antiserum prepared again«t a completely rough strain of tlie corresponding type 
or by the ca«e of pliagocytosis by normal leucocytes (Manger and Huddlcson 1933) 
Little work has so fur liccn done on the antigenic structure of the rough types 
Out own incomplete ob'ienations suggest that, though there may be a common 
antigen to paramcfi/fn-ri# para-aborias, and parasuts types, there are certain 
differences Iwtwccn them One important practical point is that partly rough 
strains are Lablc to be agglutinated non specifically by the sera of normal persons 
and particularly of tho»o suffering from certain febrile diseases (see ^lohr I93o), 
and are therefore liable to lead to an erroneous diagnosis of undulant fever in 
loutiDO serological work 

Turning now to the differentiation of Br nxebtensis, Dr abortus and Br suu 
on the basis of antigenic structure, wc are faced with a mass of conflictmg reports 
most of which may be siimmariteil by saying cither that no difference was found 
between the three organisms or that they ftll serologically into a number of different 
types (sec Feusicr and Meyer 1920 Burnet 192o Evans 1925<J, 6 Ross 19276, 
Cemiti 1927, Knstensen and Holm 1929 Bielmg 1930, Knstensen 1931, Francis 
1931, Plastridgc and McAlpine 1932) The reason for this contusion is probably 
due to the failure of roost of these workers to realise the disturbance caused by 
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antigenic ranatioa of tte S — ► R type If, as Wilson and Miles (1932) stowed, 
care is taken to exclude all but absolntely smooth strains, then it u possible by means 
of quantitative agglutinin absorption tosts to difTerentiatc between Br mehtentu 
on the one hand and Br ahortiu and Br sum on the other The antigenic picture so 
obtained is represented in Fig 175 It will lie seen that all three types contain the 
same two antigens, but with a difTerent quantitative distribution, the 31 antigen 
being in excess in the mehtentu, the A antigen in the abortus and suis types By 
carefully adjusting the absorbing dose to the titre of the serum, it is generally 
possible to absorb out all the minor agglutinins without removong more than a 
fraction of the major agglutinins The tesuUing serum is therefore monospecific. 
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Fio 175 — ScaaiuTio Benie«fTr*nos or Avnoanc STBrcroiE or Bnudla Straiks 

and will agglutinate only those strains m which the corresponding antigen ta pre 
dominant 08uaIlyanabsorbmgdosestaDdafdi2edbyopac)ty tomatchSOOO xlO* 
eoh per ml la satisfactory for absorbing a serum diluted to of its titre, 

but preliminary adjustment may be ncceasaiy before a monospecific scrum can be 
obtained With such a serum direct agglntinalion tests can be put up against 
strains of tinknown type, and then antigenic identity established 

Why It 18 that a ecrum, from which the sbole of the minor snd part of the major 
aggluUnins hare been absorbed, will agglotmate cmly tbwo orgaiusma la which the corre 
epondiag antigen predominates, la rather puzzling Why » it, for example, that a mdilenaia 
tcrum, from which the minor A agglutinin has been absorbed by an abortus tjt evu strain, 
will aggkitinate only meltimns atratns 7 On general grounds, abortus and suts atmina, 
each of which containa a oerUin amount of 31 antigen, might be expected to agglutioato 
with such a serum to at least a quarter or half tilre, since there must be ample 31 agglu 
tuu&a in the acrom to satisfy the lumted number of 31 receptors on the organisma Tl^ 
fact that no agglutination does occur suggests that the quantitatire and spatial distn 
button of the satisfied 31 receptors u such that any considerable degree of adhesion between 
adjacent organisms is improbable This explanation is borne out by the observations 
ef Mds* tWS'Jb who fiivis ttot the asvtigftvuft A 3S n,t» in Br abortus » abewt 2<it I, 
and m Br melrisnsis about 1 20 If, Ibcieforc, the mmor antigemc surface constitutes 
only about 5 pec cent of the total, it may be supposed on the two stage hypothesis (see 
Chapter 7] that its sensitization is insoffincnttodecTease the avit stability of the saspension 
beyond the critical pomt, or on the lattice hypothesis that the linkages between the minor 
antigenic groups on the heterologous bsctena ore insnflicicnt to hold the indindual bsctena 
in clumps 

The conclusions reached on the antigemc etructure of these organisms hare 
received confirmation from the work of hlilea (1933), who has shown that the 
mehtensts may be separated from the aiortu* »uw types by the optimal proportion 
agglutination method, and from that of Habs (1933), Habs and Bievert (1935), 
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Sievert (1936), Olin and Lindsttom. (1931), Olin (1935), and Veazie and Meyer 
(1936), using the method of quantitative absorption 

As a means of typing uninomi strains, direct agglutmation with monospecific 
serum is one of the simplest and most rapid methods Like other tests, however, 
for differentiation of this group, it cannot be rebed upon entirely, because, as Wilson 
(1933) has shown, certain strains, particularly from the South East of France, maj 
possess the antigenic structure of abortus, wMe having the biochemical and patho 
genic characteristics of mthlensis 

Several workers claim to ha\ e estabbshed aa antigenic affinity between members 
of the Brucella group and those of the Pasleurella, Proteus, or PfetffereUa groups 
Most of these conclusions have been based on the observation that a given serum 
agglutmated strains of both BrueeUa and some other group By itself this is, of 
course, quite msufficient evidence on which to base any such conclusion, since it 
takes no account of non specific agglotmation or of the presence of specific 
agglutinins to two different organisms co enstiog in the same scrum Absorption 
and other experiments have entirely failed to confirm the conclusions of these 
workers (for references see Priestley 1933, Wilson 2934) 

Chemical Fractionation — The reported resolts of chemical fractionation of 
JDrticena strains are to some extent conflicting especially with regard to the fractions 
exhibiting anbgenio activity The chenucal charactenaabon of many of the 
protein, nucleo protein and polysaccharide fractions isolated vanes greatly, and 
It IS hard to judge the degree of punflcation, both chemical and seiDlogiesI, that 
has been achieved m each fraction The more iMcnt work has shown that a 
precipitin titxe, by a constant aobbody titrabon, of the order of 1 5 million 
represents the bmit of piuificabon so fat achieved m the mam antigenic fractiona 
of this group 

The fracbons isolated by the earlier worfcere bad pteapitm titm of 1 2000 to 1 50 000, 
and were clearly unpoie (Fanlli and Biancabni 1932 1934 Topping 1934 Gwatkin 1935, 
Belter 1936, Schapira 1930 Iligguibotham and Heatbman 1936) Tbeso substances 
appeared to be polysaccharide m nature, and when fractions from different specice were 
compared eeroli^ically they proved to be mainly group specific and displayed only 
minor degrees of species specificity Huddksou and hia colleagues (Huston, Huddleson 
and Hershey 1934, Hershey, Huddleson and Pennell 1935) isolated msetive proteins 
polysaccliandes and Lpoids from the tliree Hrucelta species, whose proportions vaned 
with the species studied They also found a substance S ’ free from protein and poly- 
saccharide, precipitating with antisera at 1 2,000,000 which was readily extractable 
from Br mdtUTists, but was appaventJy bound to protein m Br abortus and Br euu 
The “ S ” substance appeared to be related to the specific soluble substances isolated 
by FaviUi and Biancalam (1932 1931) The technique of treatment of the bactenal 
cell with tnchloracclic acid developed by Boivin for the extraction of complete antigens 
from salmonellse (see Chapter 8) was aj^bed to Br melttensM by Lisbonne and Slonmer 
(1936) and to aD three speCMs of Bmeella by Pop and his coUeagnes (Pop tt oh 193S, 
Damboviceanu et al 1938, Vanghelovici ft dl 1938) (See also Davoli 1938, Stahl and 
Hamann 1941) The solutions obtained by diJysing the tnehloracetio acid extracts 
were antigemo, toxic and precipitated in titres tip to 1 100 000 The reported nitrogen 
content varied from 0 4 to 8 per cent , bpina 10-17 per cent , and rednemg sugars on 
hydrolysis 4-20 per cent Pennell and Buddfesoa (1937) by digestion of acetone-dned 
organisms extracted toxic and antigenic “ endo antigens ’ with a precipitin titre of 
1 5 TniTti nn which in many respects resembled the “ complete ” antigen obtamed by the 
Boivin technique They found certain chenucal differences between the endo-antigens 
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&om tlie three epecies, &nd cotmdersble cro^precipitui reactions between the thre» 
cndo-atit^iw and their respective antisera fir fsinrtvJt and fir »«v» endtvantigens 
reacted euailarlj, though not identically, and Br mdttcTins endo-sntigen wu more eharpiv 
distinguished from the other two (PenneD and Huddlescm 193S} Huddlcson (1943) has 
more recently reported that neither the “ complete ’* antigen nor the ** endo-antigen," which 
are both antigenic, will induce a eignificant degree of active imintinity to cxpermKntal 
infection in the guinea pig but that a watery extract of crushed bring Br aborim or 
Br »u%a ta highly effective against infection with Br aborim 

hClea and Pine (\933a, b) attempted to separate from fir vtfltirnsu the A and M anbgens 
postulated bv tVilaon and iHk* (1932) By prt^ieasiro degradation of antigenic matenaJ 
obtamed by the gentlest possible treatment of the bactenom, they prepared a senes of 
substances. The most degraded product was a formyl amino-polybydrosy compound 
containing carbohydratea with a probable molecular weight of about 3,300 'nus sub 
Etanoe inhibited a^lntinatioa of Br meliteiuit by komologons antibody, but did not 
itself react with antisera, Le it was an inhibilmg hapten Kext m compkxiti was a 
substance analogous with the ** endo-antigcna ” described above It was anligemc. tone, 
and prempitated with, antisera in a dilutioa of 1 5 nuUioo. Its molecular weight was 
about 1 000 000 On hydrolysis it yielded a phosphohpui, phosphate, and the formyl 
a mm o compound This antigen was in (nro denved Oom a more polymerized material 
combmed with a protein like matenal , and finaQv, this last substance, combined with 
one third to one quarter its weight of a mixture of bpios and phosphobpms, constituted 
the relatively onstable native antigen Tbe native antigen, which comprised about 
10 per cent of the dry weight of the ceQ, was in a state of greater aggregabem than the 
timple antigen, and weight foe weight was mote anticeriK and leas tome The native 
antigen consequently appears to be a large complex of a protem like substance with 
two seta of pbospholipioa differing in their readiness of separation Born the oooplex, 
the second of which, together with a potymenzed formy) anuno'polyhydroxy compound, 
detenninea tbe speodcity and antigenieity of the mam antigen of Br In this 

light of these findings it seems probable that tbe antigenic fractions of brncellae prepared 
by trichloracetic aad extraction or tryptic digestion of tbe bsciUi consisted of mixtures 
in varying proportions of native anbgen and its various degradation products Miles 
and Pine failed to separate tbe A and M antigens but, as in prcncnis work, they obtained 
evidence that the ant^ens of the 8 forms of fir obortus and fir showed a quali 

tative Eimilanty, but a quantitative difference m distnbation 

The apparent efficacy of live as compared with dead vaccines, led Pnestfey (193$) 
to search — without soccer — foe a labile anbgen in Br ahnrtvt, similar, perhaps to the 
Vi antigen of ^a/m typht Topping (1931) isolated substances of a nucleo protein nature 
from fir abortus and Br mdtfensu, which were feebly reactive with heterologous and 
homologous sera Tbe reactintv mav have been due to contaminatioa with the mam 
soluble antigen. Stahl. Pennell and Hoddlesmi (1939) extracted non toxic “ protem 
nucleates '* from all three species , those Erom S straina were serologicaBy reactive, but 
only group-specific and constituted about 14 per cent, of the dry weight of the cell, 
those from R strains constituted about 18 yer cent of the weight of the ceD, and wure 
serologically mactive The serolrigical reactivity of the S protem nucleates was associated 
with the protein, and not with the nncfcio acid part of the fractions. Stahl (1941) found 
6-6 per cent, of hpias lu the dry celb They were non toac and serologicaBy inactive. 

Pathogemciiy — Br. mdiiensit, Br. abortus, and Br. suu are all infective for 
ma n and animals Though tmdolant fever is the most charactenstio result of 
infection in man, numeions other chnical manifestations occur Often the infection 
remains latent, causing no recogniznhle symptoms of disea«e Since we cannot 
cany ont large-scale experiments on man nnder similar conditions, it is impossible 
to make any definite statement on tbe comparative virulence of these three organ 
isms, but the limited observations on homan volunteers of Morales Otero (1929, 
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1930 1933) a careful 8tud> oftheaTailaUa epidemiological data and the frequency 
with which bboratoiy jofectiona ocenr suggest that Sr mlifmsis is the most 
pathogenic and Dr a^rfus the least pathogeme of the three types The \mencan 
#i<ii type appears to occupy an intermediate position The Danish »iis type 
on the other hand is probably e\en less pathogenic than Dr abortus since there 
13 no record of its ever Lainng been responsible for disease in man 

Under natural conditions Br melitmsts is pathogenic for goats and sheep 
giMng nse to an uift.ctioa which may be acute and accompanied by abortion but 
is more frequently chronic and detectable only by bactenolog cal exam nation of 
the milk blood or urine or bv allergic skjo tests In areas where infected goats 
or sheep are numerous cows may alv) become infected (Taj lor ^ dal and Homan 
1''31) No symptoms of disease are manifest the animals do not abort when 
pregnant but the organisms are often cxcieteil to the milk 

Both varieties of Br sin* are pathogtn c for p gs in which thej giac rise ton 
disease sometimes accompanied bj aliortion Like Dr mel tmsis the American 
tj-pe of Br tuu may infect cows and be excreted in the milk (HuddIe«on 1931 
Beattie and Rice 1931) Horses dogs and fowls are occas onally infected 
Dr abortus probablj has the widest range of pathogenicity Besides liemg 
fespon«ih!e for the almost unnersal and economically important disease of confa 
gioos abortion in cattle it occasionally infects other animals such as hor«es and 
dogs and less often sheep and goats. In the Umted States it u said to gi\e ri«e 
to fairlv esten«ne infectian of fowls an 1 other birds (Fmmel and Huddlcson 19^9 
1930 Eminen930) thoughtheendenceforthistsootwhollj satisfactory Guinea 
p gs have also been found infected under natural conditions (llanruilo I93o) 

Ml three species are mfectii e to a variable extent for laboratory animals On 
the whole the guinea pig appears to be the most susceptible but rabbits rats and 
m ce cat! often be infected fa the guinea pig tie disease produced by parenteral 
inoculation with moderate doses is usuallv chronic and rctrogressiie The brunt 
of the mfcction is borne bv the reUculo-endothetial system The resulting lesions 
are relativelv inconspicuous and consist mainly of a non hj^pencmic enlargement 
of the lymphatic glands some degree of enlargement of the spleen and the presence 
ofa variable number ofcircular necrotic foci m the spleen and liver In male guinea 
pigs ab<ccss formation is not uncommon in the testicle or ep didymis and intrs 
pontoneal inoculation is sometimes followed by a Straus reaction Occasionally the 
bones joints or other organa may be aifwted The Ie<ions are extremely variable 
m size and number and maj be complctelj absent on naked-eye inspection In 
infections with Dr suis (American variety) the necrotic lesions tend to be few in 
number large m size an 1 purul nt in consistencj The lesions m meh/ensi* and 
abortus infections on the other hand me smaller more numerous and generally 
non purulent except in the testicle Numerous statements have been made 
about the relative virulence of the three mam types for guinea pigs but workers 
who have had the widest expenence are the most cautious in drawing conclusions 
At the moment it is probably safe to conclude that there is no satisfactory method 
of distinguishing between them on the has s of pathogenicity to laboratory animals 
Knstensen (1931 ) and Bang (1931) regard the Danish jui* type as probably the least 
virulent while Thomsen (1931) regardsitnsslightlyn ore vurulent than Br abortus 
Its differrntiat on from the other members is not practicable by guinea pig inocula 
tion The rough so-called paramehlensu para-aborlus and parasuis varieties are 
comparatively anrulent to guinea pigs Kntschewsb and Ilalperm (1934) state 
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that a suspension of Bt aiortus has a powerful atiinulating effect on th' ntenu" 
muscle of the virgm guinea pig Accoidiag to Jadassohn Poedmuher and S>-ha3f 
(1931} the Schultz Dale tedmique may be used to differentia*© between th** different 
tvpes of BntccBfl the reaction in aensitiicd guinea p gs be mg type sppoS'- 
Little worh has been done on inoDL«73 but the obserrations of Huddlesos and 
Hallman TTeigmann (1931) and Zeller Beller acd Stodanaret (1931) 

suggest that melitfnst4 and ^mencao ewu strains are mote nrulent than abortut 
etrams, (For reproduction of disease m the larger animals sec Chapter 75 ) 

J»o exotoixin is formed but the intrapentocea] moculation of mice m h rerr 
large numbers of Tiralent Br aiortta brings about death within a few days. Tt* 
tonaty of the organisms is said to be destroyed by hestuig to 55* C. for 20 nunnfe* 
and to be related to the nmlence of the stiam (Pnestley and JIcEwen J93 } 
Pathogematy ol Br melitensu for SsuO Antm«h 

Grcmi wcs. — ^ThoUfch death wuhin a day* may follow intraceiebnl inoculitioa 
(Durham 1S93 Eyre 190a) or lotrapentoneal moculation with tsrge doxn, the disease 
eet up by iRlranuecHfar or cntaneoru inocahbOD u ehmiue, retrogresare and rare}/ 
prores fatal Small numbers of organisms cannot be rebed on to cause infection, 3Iast 
of the animals contisne to gam weight. If they are kilM 6 wrehs aAer taocubtxm. the 
following lesona may be found. OccastonaQy there u a local abscess containing tre amj 
pus. Tb* reposal and the more distal lymydiatio glands often show a certain amountj^ 
hypetplsaa of the pale bloodkm r&nety Tb* epfeen may show a Tanible degree of 
enlargement, and may contain a number of cnmlar greyi sh rtVenr necrotic foes, (Vl-0 5 
nun 10 diameter rarely projecting abore the soifue. Similar foci, nsuslly few u naaber 
may be present is the hrrr Sometimes abscesses are focsd tn coanecuoo with the jotflts 
or bones Tbe organisms can be culnratcd mo*t readily from (he glands, spleen, and bone* 
marrow Tbe blood usually contains ag^lutmma m bi^h title. Tbe lescms are very 
Tenable aod tnay not be detectable by naLsd-«y« exasunaticm. The diagnoiBa mutt 
always be made by testing the blood eenim te ag^tuuns and by cultirabon of th> 
caosatire oiganism from tbe tissaes. A. btre of 1/So or orer i* itt oogl r suggestive of 
infecboo. The intradermal test with a nncleo-proteis extract may be used during life for 
diagoostie puiposes but reliacce must never be placed on it alone. Jfter d weeks the 
diagnosis becomes leas easy because the infectioB tends to retrogress. Gmaea pigs miy 
also be infected br feeding by conjunctival or nasal instiHation. and by moc^tices of 
the ccanfied sUn. Sometimes they oonteset the disease natoiaHy &ota their felkiwT. 
(For a drecriptKm of the histopithology of the direare, are Fabyan 1913.) 

P.aBBiTs appear to be rather less eusoeptible but otherwise the infection runs much 
the same couree as U) guinea pigs. The lymphabc s i ■■ tern u kas affected, and the organisms 
can rarely be demonstrated in the blood stream, .dixiotuun formaticm is comnxm, but 
the intradermal reacbon is segatiTe 

KaTs AXP hlicz — There is bttle mfcwmatioo about the eSect of moculatioo of raU 
ormtcemlhBi’ rmllfnw hot therere reason to ieJaere tieaeaaiaasDareahrillr 
susceptible to infection (see Singer Brxdu 19T") 

lIowKETS may be infected either by feeding or by subcutaneous inocuIatKRi, Fr^ 
quently an intermittent fever u set op, sunulattog in many respects onduknt fever If 
the anTTnaU are killed after a few weeks, there may be aome enlargement of the lymph 
glands and spleen occasionallvnecrotjeiesioBsarefousdmtheltmgsorlirer A^Ia tinmi 
are demonstrable m the serum, and the orgamsiits can often be recovered fr om the tamies 
(see Bruce 1S93 Hn^hes 1893 Honocks and Kennedy 1906, Huddkson and HsBisan 
19‘*9 Weigmann 1931 Zelkr EeHer and Stoefcmaver 1934) 

(Peferences to patho~ematy of Br uief feiuis for small animals T hujiam 183^ Eyre 
190o 1903-09 NicoUe and Conseil 1909 Burnet 1922 Zdrodowski ei cl I'W Kainsford 
1933 ) For reproduction of disease m larger animab see Chapter "5 
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Pathogemcity oI Bt. aborlns for Small Ammals. 

In GCivzA ri03 & disease la set up doscly leaembling that caused by Br melilemti 
After lutramTiscalar inocnlition a local mppnrating lesion is rare, but abscess formation 
m the testis or epididymis IS not uncommon. A mild infection can be produced m Uabbits. 
BsiB and MjCB Tlie morbid anatomy and histopatbology of the disease hare been descnbed 
by Fsbyan (1912) In mice inoculated eubcutaneoasly with 10-1000 million organisms a 
telrogresaive disease is set up The organisms can be demonstrated m the regional lym 
phatic glands and the spleen for a month or so, and agglntmms are present m the blood 
eenun. Slice may also be infected by feeding tnth laige doses bats may be infected 
by feeding as well as by mtrapentoneal inoculabon, and the organisms may be excreted 
for a tunc in the unnc and fscee, but uhleas reiy huge doses are used the infection retro* 
gresscs (Ber 1936, Sandholm 1933, Bosworth I93S) According to Emmel and Huddle- 
son (1929, 1930), rowxa can be infected by feeding or parenteral moenlation The birds 
stop laying and develop severe dtanbma. There is a gradually mcreasing pallor of the 
bead, comb, and wattles, emaciation, and often paralysis and death The course of the 
di««pft.sp ranges from about 2 to 14 weeks Post mortem, the mam lesions consist of a 
necrotio ententis and degenerative changes in the liver and kidneys The majority of 
other workers, however, who have studied this question, have found that, on the whole, 
fowls are resistant to infection except with large doses administered parenterally (McNutt 
andPurwin 1930, 1932, van Roekel rial 1932, Belter andStoekmayer 1933) Withsmaller 
doses the organisms can rarely be recovered from the tissues In the absence of direct 
cultural expmmenU, a nse in the agglotimn titre cannot be mteipreted as necessarily 
indicative of infection The conclusions of Emmel and Huddleson require confinnation 
before being accepted 

MoeszTS may be infected with Br aborliit, but they are leas susceptible to it than to 
infection with £r fne/ifrAnr (Referencestopathogematyoffr abortus for small animals 
Schroeder and Cotton 1911, Smith and Fabyan 1912, Emmel and Huddleson 1929, 1930 
Morales-Otero 1930, SIcNutt and Purwm 1930. 1932. Bang 1931, Pagmni 1933, Henry. 
Tratun, and Harng 1932, BennessoQ 1932, Helms, Holm, and Oiskor 1932 Bainafo^ 
1933, Bet 1933, Ohn and Lindstrom 1934, Huddleson 1934, Tbomsen 1934, Feldman and 
Olson 1935, Singer Brooks 1937, Scorgie 1933) For reproduction of disease m larger 
animals, see Chapter 75 

Fathogeiucity ot Br. sots for Small Axuinnb. 

Eipenmentally, this orgamsm gives nse in ctinea figs to a dispase closely rvsembliog 
that caused by Br ntehleneti Local abscess formation is rare, but in infectious by the 
American type large suppurating lesions, few in number, are not uncommon in the spleen, 
liver, lymph glands, testicles, and joints. The Danish type appears to be less virulent than 
the Amencan type Br rule appears to resemble Br abortua m its infectivity for sncz 
RABBITS, and TOWLS, but there is bttle exact infonnation available For Mici; Br cuts 
13 said to be more virulent than Br dbortat (Smger Brooks 1037) For movkeys it appears 
to be perhaps even more virulent than Br mcbrcnsis (References to pathogenicity of 
Br SUM for email HTumals Smi th 1926a> Hard^ rt al 1930^ Cotton 1932, Thomsen 1934, 
Hnddleson 1934, Feldman and Olson 1935 ) For reproduction of disease in larger animals, 
see Chapter 75 

Vanabon. — It has already been mentioned that under artificial conditions of 
cultivation BruceUa strains, particularly of the mel\lens\s type, tend to undergo a 
change which is characterized by a gradual loss of specific, and gradual increase of 
non specific, agglntinabihty, together with a decrease m virulence to animals 
This change appears to be an example of the smooth — *■ rongh variation WTiether 
the change is accompanied by any corresponding alteration in the morphological 
and colonial appearances of the orgamams is still a httle doubtful, though there is 
reason to believe that some change does oecnr. The descriptions of various workers. 
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iowever, many of wlom iiaye used diffeieot media, are so difficult (o summarize, 
that we shall content ourselves with giving nfereuces to some of the more important 
papers on this subject (Hemy 1923 1933, Plastndge and ifcllpme 1930, 3IarahaII 
and Jared 1930, 1931, 3IoraIes Otero 1931, Gnimbacli and Gnllicbess 1932) The 
growth of smooth and rough forms in the presence of dyes appears to be very much 
the same, but there is some evidence that the S-^ R vanatioa may be accom 
pamed by a decrease in biochemical activity, particularly in the productioa of 
Though it is true that some rough abortus and Amencan tuu strains still produce 
It IS e<iually true that many do not Smce practwsUy all freshly isoUted 
smooth strains produce it seems not improbable that the loss of this property 
on continued subcultivatioa u a manifestation of the S— +-R variation 

dassiScaticm and Idenbficabon — As has already been pomted out, the inclusion 
of Br tularensu in the BructVa group is largely tentative. This organism may 
be distinguished from the other three members on the basis of morphological, 
cultural, biocheoucal, antigenic, and pathogenic properties. 

The mam difficulty bes in disttngimbmg between Br fneft/erwis, Br abortus, 
and Br tuts This difficulty is accentuated by the fact that withm each species 
there are a number of sub types diffienog from one another in nusor respects 
and approaching closely to the sub-typesofadjacent species (see ileyer and &bell 
1932 unison 1933) These sub types are often assocuted with some special 
topographical distribution. Mthlensts strains, for example, from Malts, msy difier 
from those ftom Palestine or from the South of France Southern Rhodesian 
abortus strains differ from Furopeao or Amencan strains. The Amencan tuts 
strams differ from the Danish strains, and so os For porposea of identification, 
therefore, the fullest possible examination is required, and no strain should be 
defimtely allocated to a particular species without a careful study by all available 
bacteriological methods including COt sensitnnty, growth in the presence of dyes, 
HtS formation, antigemc analysis, and if possible virulence Once the infecting 
type has been firmly established, help is often afforded by a knowledge of the animal 
source and country of ocigm. For instance, in this country Br tuts has never 
been found, aud Br melttonsis has been observed oalv once among cattle on a 
small number of ferms m the Midlands (see Duke 1910, Wilson 1910), so that 
any indigenous strain of Rruceffa isolated tom man, horses, dogs, or cattle is 
probably of the abortus type. In any country, strains isolated from «beep or 
goats are usually of tbe nwlitensis type, &om pigs of the *iiw type, from cattle 
horses, and dogs of the abortus type, wbde strains isolated from man usually beloi^ 
to that type which is most prevalent in the neighbounag animal population. 
Exceptions, however, are not uncommon, so that too much reliant^ should not 
be placed on this particular md to identification. 

Though there are numerous sub-types of RniceBo with particular geographical 
locations, indicating that the members of the group are relatively labSe and respon 
Bive to envuonmental changes no onehasyetsucceeded in converting one ^pe into 
another Even prolonged re»idence of the nviuensts and ruw types in cows, and of 
the abortus type in sheep seems to hare no effect on the type of organism introduced 
For practical purposes therefore, the main types can be regarded as constant 
Table 53 summarues the chief differential features of members of this group 
{Useful renews of the SniceJh group vnH be found in papers by Knstensen 1*^31, 
Taylor, Lisbonne and Roman 1932, Zeller 1933, Habs 1933, VTUson 1933, Huddleson 
1934, Thomsen 1934, 01m and LindstrBm 1934.) 
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Brncella mehteosis 

— M mtltlensis, Allabgents mflttentu. 

Itolatxon — Isolated by Bruco (1887) from the spleen of patients dying uf Malta 
fever 

Babttat — Strict parasite living in goats, ebeep toid man 

Morphology —Small bacilli, 0 0-1 2 /< long X 0 5-0 7 fi broad coccoid forms abundant 
Axis etraight, ends rounded sides bulgiog or parallel Arranged singly, in pairs 
end to end in small groups, or — especially in liquid media— m short chains of 
four to SIX membera Hon motile Bipolar staining not imcosimon. Gram 
negativa 

Agar Plait — 43 hours at 37” C Small, round, convex, amorphous colonies about 0 5 
mm mdiameter Smooth.glisteQuigsuiface,entireedgc,tran5lucent, greyish white 
by reflected bght, almost colourless by transmitted light , consistency butyrous , 
emulsification easy fi-day colomes sLghtly larger and greyish yellow No 
diSercntiatiom 

Agar Stroke —48 hours at 37* C Poor to moderate, partly confluent, ebghtly raised, 
translucent growth, with pitted eurface, and edge formed of single colonies After 
s week the agar is turned browoisb and ciyetals msy appear 

Oelaiin Stab — 10 days at 22* C Poor to moderate, filiform, greyish white growth, con 
Bistmg of very small colonies closely packed, extends to bottom of tube f<o 
surface growth and no bquefsction. 

Brolli — 24 hours at 37* C Poor growth with ehght turbidity , no surface growth and 
no deposit After 10 days there is an abundant growth with moderate turbidity, 
and a moderate powdery deposit disintegraliug completely on shaking Later the 
deposit becomes very viscous, and almost impossible to disintegrate 

Loeffltr'a Senii7i.~48 hours at 37* C Moderate, shghtly raised cbiefly confluent growth 
of yellowish colour No liquefaction 

Potato- — 6doysai37*(7 Thin, mostly confluent growth of greyish brown colour After 
14 days the growth has a caf4-an Isit or chocolate colour 

Shalt Agar —4 days at 37* C Growth of tmy, discrete coloniee situated at the surface. 
Or Bomo distance below the surface , exact position depends on the COj sensitivity 
of the etram 

LtifT Agar Platts conlaxmng DjesSiiays ot37”<7 Usually some growth m preecnee of 
thioiutt, baste [aebstn, methyl rwJet and pyroam, but reaction ranee considerably 
according to souico of origin of strain 

MacConkty Agar Plats — 7 days at 57* C Small cutular, convex, amorphous, yellowish 
coloniee, 0 l-l-O mm. in diameter, wrth smooth eurfaco and entire edge Slay 
appear slightly mucoid 
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RuMlantt . — Not speoaQ; Rsistant. KiUed Eootst heat at £0* C. io 10 impclw aod 
bj 10 per cent, pl^ool la afaoot IS mnrates. la the dc'ed, powdered coaditioa 
they stay surnre for 3 mocths. Sealed agar slope colttma at mom temperature 
may remain abre for 1-0 months. 

3Ieiai6ltfm — ^Aerobic, no growth coder atnctly anaerobic eonditioiia. Growth u often 
jmprored bv 10 per tent. CO^ <^it. temp S'* C , limits 20-t0® C. Opt. H ion 
concentration pH 6 &-“-4 Growth sh^tly improred by glucose, glycenoe Itter 
extract, blood and eerum Brown puniteni formed on potato and sometimes m 
old agar cultures. Broth torned alWline — to pR St) or eren hflier Growth m 
all media u relatively slow Some growth on MscCjoley's medium Does not 
hietoolyse blood. 

Bioe^emical — ^\o carbohydrates fermented. LSI. turned slightly alfcalme. Indole — , 
MR — , VP , Nitrates and nitntes reduced. \H, mraetimes -{- , — , 

MR. reduced, catalase -}~ 

Anti^nie ftnicture — Only one serological type hsows. Appears to contain the same 
anticena as Rr abortus and Br suis. bat in ddrerent quantitatirs ptoportums. 
Provided absolutely smooth strains are used, it mav he diSereoUsted &oia Br 
abortus and Br tvu by quantitative absorption of agglntmins. The rough varuint 
mcorrectly called Br pammcli/eiuis is agglutinable by non speode agents, but not 
by a serum prepared agaiurt the smooth fora 

Potboirmcify— Causes undolant fever m man, and a eepticsmie mfeetion of goats and 
sheep, sometimes accompanied by abortion May infect cows and be excreted in 
the miR Expenmentally, it is pathogenic to a varuhle degne for man, goats, 
sheep monkeys, and the small laboratory animals. The rough vsrunt is sviralest 

Bntc«Uh Abortus 

Iiolalim — By Bang (1897^ from cows with infectious abortioD. 

BahitiU — Strict parasite occumng to cattle horses, dogs, and man. 

iforpAotogy — Sumlar to that of type species hot usually more heciUarr. rods reach 
1 S ^ in length or on speoal media «mi S-0 fu May be capsulaled. 

Cabural C^oradera — Similar to those of tvpe species, except that growth of the bonne 
type whether isolated Boca estUe or Bom man usually occurs only m the presence 
of added COj preferably 6-10 per cent. In shake agar caltures growth occurs 1 2 
mm or more below the surface, and extends downwards for 1 1cm OMUboratoiy 
cultuies grow fieely under aerobic conditioiis , no growth under stnctly anaerobic 
conditsoos. 

Pautanct — Similar to type species. In ntenoe exudate kept in the ice-chest it survives 
for 9 months. May bvs in sterile water few 3 or 4 months- Readilr killed m milk 
by holder pasteonzation. May survive id Me-cream for a month. 

ifetoWiam — Sumlar to type speciea, but as most strains cm isolation require CO^ the 
optunum H ion concentration of media is about pH 6-6. Brown coloration m old 
agar cnltcres less common than with Br mdilauu 

— Sirailir type wpeaes, but ucwrfr *2J tteat^ tra tsiAiiioa prodacs B’,5 m 

bver agar for at least 4 daya. 

Aal^cswStnieiare — Appear* to possess the same antigens as Br wchtenev* but distributed 
in different quantitative p ropor tio ns- Provided atsolntelv smooth strains are 
nsed it may be differentiated iiom Br mefitenna by quantitative absorption of 
agglutinins. The rough variant, incowectly referred to as Br fara-aUriat, ts 
agglutmable by non specific agents. 

Pathogenteilj — Causes epuootic aborUon m cattle, fist uloos withers in horses, and a mild 
septicsemic infection m dogs. Is said ta infect rata Gives nse to unduJant fever 
m tpari. Experimentally, it ispathr^mc to a variable degree for man cattle, 
horses, dogs, fowls, monkeya, and the amall laboratoty ammals. The roueh 
vanant is aviruliait. 
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Bntcellft SQis 

/joia/ion — American type by Traum (1914) from the fetus of a bow and Danish type by 
Thomsen (1931) 

Ualilat — Strict parasite, occurring in pigs and man 
Morjihdogy — Similar to Dr aliorUit 

Cultural CharacteTS —Similar to those of t^pospeciee except that growth is never improved 
by addition of CO* In shake a^r cultures growth occurs on the surface Jso 
grott th under strictly anaerobio conditions Tha Amenean type grows rather more 
freely than the Danish type On liver agar plates both types grow in the presence 
of thionin, but are inhibited by basic fuchain methyl violet, and pyrorun The 
Danish type has the same differential Busccptibihty as the Amenean type but is 
rather mom susceptible to all dyes consequently half the usual concentrations of 
dye should bo employed when testing it 

—Similar to that of typo species and Dr abortus 
3f(tabolism — Similar to typo species, hut growth is not improved by CO, Brown colora 
tion in old agar cultures less common than with Dr nehttruis 
DiochmifoL — Similar to type species but Amenean type produces H,S m hver agar for 
at least 4 days , Danish type produces no H,S 
Atiligrate SlrutUiri — Appears to possess the same antigens as Dr meliUnsis, but dis 
tnbuted 10 quonUtativc proportions nearer those of Dr abort is than Dr nelittnsis 
Provided absolutely smooth strains are used it may be differentiated from Br 
mthttnns, but not from Dr abortus, by quantitative absorption of agglutuuni 
The rough varunt, incorrectly referred Co as Br paratuis is agglutinable by non 
specific agents 

rsl^a^ninly— Gives rue to a disease of pigs, which may be accompanied by abortion 
and to undulnnt fever in man Stay infect cows and be excreted in the milh 
Erpenmentally, it is pathogenic to a variable degree for man pigs cows 
monkeys, and the small laboratory animals Possibly pathogenic to some 
degree for horses and dogs The rough variant is avirulent 

Brucella tolaiemis 

This orgsRisR] IS a tiny, non motile. Gram negative bacillus which was isolated 
by SIcCoy and Chapin in 1913 from rodents suffering from tulanemia (sec Chapter 
76) In the animal body it occure as a coccoid or rod shaped orgamsm 
surrounded by a clear area which probably represents a esapsute The diameter 
of the orgamsm is 0 3-0 7 fi long by 0 2 /i wide , the diameter with the capsule is 
0-t 1-0 by Q3~€5 p The organisms stain best with carbol fuchain or anihne 
gentian violet , with methylene blue they stom very poorly and show no capsule 
In culture, coccoid forms alone are seen (Wheny and Lamb 1914) a capsule is 
visible if the orgamsms are mixed with serum, ^o growth occurs m the usual 
media ItwasfirstcuItivatedonDorsetsegg but later it was found that coagulated 
egg yolk was more satialactory (SfeCoy 191S) On this medium the maximum 
growth 18 reached in 2 days it is pale, translucent slightly mucoid and pearly 
in appearance, not easily distinguishable from the medium , it is readily emnlsi 
fiable Growth occurs also on glucose blood agar glucose serum agar and blood 
agar slopes provided that a piece of rabbit a spleen is rubbed over the surface and 
then left in the condensation water (Francis and Lake 1922) , and on agar to 
which 0-02 per cent, of cystme is added (Francis 1022 lO^S) On these media the 
otgamsm should be subcultured every other day but on egg yolk it may remain 
viable for 3 months (Wherry and lAmb 19)4) Shaw and Hnnnicutt (1930) 
recommend a medium composed eff brain veal infusion agar pH 7 6 containmg S 
per cent rabbit serum 1 per cent dextrose, and 0 05 per cent cystme while Kudo 
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(1934) prepares a mixture of fiO per «ent egg yolk end -lO per cent rabtit serum 
sterilized at "0® 75“ C on 3 succe^xe days Liquid m«lia can also be used 
(Tamara and Cibby 1W3) Steinhaus Parker and 3IcKi-c (1*44) recommend for 
tins purpose a medium contauung 1 per eii ( dextrose 0-15 per cent, cystine 
and 0 5 per cent h»mPglobin Pr falurriMM grows ■well m the developing chick 
embryo multiplying particularly m the ectodermal epithelial colls When inocu 
lated on to the cbono^Uantoic rDemhrane it leads to the death of the embryo 
m 3-4 days In both these rrspeeta it rc«emblc9 Br wcl tensw (Buddmgb and 
n omack IMl Itansmeiet 1343) Under cuital le condit ons the otgamam is eaid 
to produce acid u glucose and glycerol and usually in maltose mannose and 
Ismlose (Downs and Bond 193o Francis 134'’) but the acid produced seems 
to be verv abght and may poesiblv be of the order of that formed by mditennr 
and Amencan «uts strains. 

Hoist heat at 5o“--60“ C is fatal m 10 imoutcs Ant gemcally Br t ihraisti is 
allied to the other members of the Bn cello group Francis andLvans (19^0) found 
that a serum prepared against Br tutarentu agglotmated Br puI lai*u and Br 
abortui to about J or J of the titre ^Neither organism was able however to absorb 
the homologous agglutinins foim at Isrensta serum Br tufurra/ia was agglutinated 
to a low titre by anti mehtensia and anti-abortus sera but was unable to al^rb 
tfaehomologousagglutuuasfrointbeaeeeia The 3 strains of Br lulartnsi* examined 
appeared to be antigemcally komogeneouB. 

Under natmal conditions it gives nso to tnlanmia in rodents— espeaaUy ground 
squirrels and jack rabbits— and occasionally in man Sheep are sometimes aBected 
(^rker and JDade 19 ^9) EspenmentaUy the disease can be reproduced in ground 
squirrels gophers, guinea pigs, rabbits, mice and monkeys , rats are more resistant 
(Dieterand Rhodes 19‘’<3) , cats dogs and pigeons appear to he tmmnne. Fesdm'’ 
nasal instillation, cutaneous, aubrataneous, intnpentoneal and eonjnnctiTal 
infection are all successful. After subentaneoos infection of the gmnea pig death 
occurs in 5 to 6 days Post tnottem theta is a whitish membrane-like area at the 
s te of moculation the regional lymphatic glands may be enlarged and csseons 
the spleen is enlarged, very dark in colour and contains discrete yeUowish white 
caseous granules np to 1 mm ta diameter projecting ^htly above the sotface 
there are nomerons gianoles in the liver focal necrotic areas are sometimes present 
m the bone marrow (LilLe and Frnnns 1933) , the lungs are rarely involved The 
bacilh are present in large numbers in the bhxx) and organs as little as 0-000 000 1 
mb of the heart s blood may prove infective for frc«b ammals The vinilence of 
the organism may decline in coltme eo that instead of causing an acute or subacute 
disease in gumea pigs it gives nse to a chronio disease from which the animal often 
recovers (McCoy 1912 Foshay 1932) Strauu of lowered virulence have also been 
laolateddirectlyfromticksfDanseto/ 1934) The organism is extremely dangerous 
to handle in the laboratoiy and laige oumbers of workers have contracted the 
infection. 
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CHAPTER 35 


BACILLUS 

AEROBIC SPORE BEJRHiG BACILLI 

DEn>TTtos — Bacillus 

Aerob c spor^bcanag rods, ostiallv Cram positive Oftm occur in long 
threads and form rhiroid cotooies. Form of rod aa a cuk net gteatl} changed 
at Eporulation Liquefy gelatifi. Mostly sapropbvtes. 

Type species. BaciUus rubhlu 

ISTROKtJCtORT 

The aerobic spore beanog BaaRus forms one dn i<>od of the family Bcnlhcea 
tvhile the anaerobic spore-beanng ClostnAum forms the other As many of the 
orgaDisms in the (ennet ditiston are widely distributed being found in air, *oil 
water milk dost fish meal wool, fteces, and other situations, it is not onnataial 
that they were among the first micro-oiganisms to be studied , bot as there are 
large numbers of difierent species, almost all of which are deroid of pathogenic 
action It follows from the way tn which bactenological urestigation has been 
directed mainly along medical, retennarj, or agncnltnral hne% that our know 
ledge of these orgatusms is far from complete 

Some authors hare separated the group into two diviaona, the one containing 
B atUhracu and the closely allied psendoanthrax bacillcs the other containmg 
B subtitu and other saprophytic forms As, however B svUJxs may ihtelf be 
confused with B anlhrans this division is of no real valce. We shall treat all 
the members as belonging to one single gronp — the group Saci77w« — ^reserving 
the term pseudoa&thrax bacillus’ as an inexact but convenient designation 
for any organism of the aerobic spore-beanng group that is liable to be confused 
with the true B anlhracu 

There is a large group of thermopliilic bacilb found m milk manure, and other 
situations which grow best at temperatures round about 60* C We do not propose 
to describe these organisms but references to them will be found m a paper by 
Wilson and his colleagues (ISSo) ^ot all of them belong to the BactUus group , 
manv species appear to be streptococci ot non ’■poring rods 

Group CHaRAcreRisncs 

Morribology and Staining — Members of this group are roil shaped organisms 
varying in size from about 3 /i X O-l /t to 9 /r X 2 /< The sides are parallel the 
straight or slightly curved the ends either truncated as in B ailhracts, ot 
more usually convex Their arrangement vanes considerably , though single and 
diplohaciUaiy forms predommate, th^ may be arranged in chains, often of con 
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eideiable length, or in groups Long, unjomted filaments are characteristic ol 
some species, notably of the anthrax bacillos Irregular forms, consisting mainly 
of poorly-stained thin bacilh, or of dab or bottIe-«hsped bacilli, are not uncommon 
With a few exceptions, of which B anthToeis is the most important, all the mem- 
bers are motile by about 4-12 pentnchoos flagella Spores are present in all , 
and are formed only in the presence of oxygen , they vary in shape from spherical 
to elhpsoidal, and may appear at the equator, sabtcrminally, or at the very end 
of the bacillus In some members their diameter does not exceed that of the 
bacillus, but in others the rod is swdlea to resemble a clostndium Capsules 
ate met with m only one member, B anthracts, and then only when it is growing 
in the animal body, or in media rich m animal protem The organisms are usually 
Gram positive, but considerable variation may be shown , some are strongly 
positive, others weakly positive, and a few frankly negative ^Vhen stained 
with various dyes, it is generally possible to distmguish areas of uneven staining , 
in large bacilli a number of smaU particles are seen, quite distinct from spores 
Some of these particlea appear to consist of fat (see Burdon et al 1942), others 
of volutm or glycogen By a few authors the volutin granules have been regarded 
as nuclear material scattered diffusely 
through the cell , the evidence against 
thiscontentionhas already been given in 
Chapter 2 None of the vegetative 
bacilli 19 acid fast, though, m the spormg 
condition they resist decolonration for a 
short time with weak acids and alcohol 
Coltnial Reactions — Growth is free on 
all the ordinary media Single colonies 
on agar are generally large, varying 
from 2 to several nullimeties in dia 
meter Some have a finely granular, 
mealy appearance, others are mem 
branous and thrown into wrinkles In 
broth there is a tendency towards the 
formation of a soiface scum, with or Fio 178— B »i«yorten«»n 

without turbidity, or of a heavy floccu Prom an agar slope culture ( x 1000) 

lent or membranous deposit Gelatm is 

usually bquefied rapidly In a stroke agar culture the growth is raised and 
confluent, and generally of membranous consistency, rendering emulsification 
difficult Growth is not improved by the addition of blood, serum, or glucose 
Vanaat cdionisl fypff? taie heea described Sor several membem of the group 
Some members form motile colomcs (sec B fotans p 855) 

Resistance — In the vegetative condition the bacilh are killed by moist heat 
at a temperature of 55® C in 1 hour The spores vary greatly m resistance , 
some, bke tboso of B anlhracxs, are destroyed by boilmg for about 10 minutes , 
others, bke those of B suhtilw, may withstand boding for hours All are killed 
by steam under pressure at 120® C m 40 mmutes Similarly with disinfectants 
the resistance vanes , Ifg^i even m a I/IOOO solution may fad to kill anthrax 
spores in less than 70 hours (Poppe 1922) Potassium permanganate on the 
other hand, m a 4 per cent solution kilU them m 15 minutes, and a 3 per cent 
solution of hydrogen peroxide m 1 hoar Generally speaking, the spores are 
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extremely resistant to chemical disinfectants, with the exception of tho«e substances 
which act by oxidation. 

Uetabohc and Biochemical Reactions — Some members form s pigment generally 
brownish yeOow in coJonr occasionally pinL. On the whole, pigment formation 
19 not a stnimg characteristic and tends to appear late The optimum temperature 
for growth vanes from 2o® C to 37* C , few grow below J2* C , and eiclnding the 
thermophilic bacilli which grow at (iO*C, none grows above ,>5’G, According 
to fnmanng (19403) the small-ceOed species, liLe B tvUiltf B nlgclui, and 
B wesen/enciM hare an averaf^ fninimpm and mammum temperature about 
5® C higherthan thelarge-celled 'pcciesbkeB ctreut As r^ards oirgen pressure, 
they are aerobic or facoltativelv anaerobic A high partial presure of CO, tends 
to inhibit growth of B tvUilu (Levine 1939) and tO favour cap-mlation but to 
restrict sponilation of B anlhratts (Sterne 1937) 

On carbohydrate media the majontv of members form and only, but a few, 
like B asterospomt, B po/ymyra, and B aeefexrfhi/licvm produce gas. 3Ioet of 
the members ferment glucose, malto^ and sucrose , some are abl' to attack man 
mtol and sabcm laclo^ u rarelv fermented A diastatic ferment capable of 
inverting starch is Mcreted by some A proteolytic ferment for gelatin is produced 
by nearlv all and hr a few for blood semm A tree rennet hie clot is often formed 
in btmus mOk, and li snbseqoentlr digested , the litmus is reduced. Some strums 
peptonize milk without actuallr clotting it The reaction becomes alkahce 
Both the catalase test and the oodase reaction described by Gordon and McLeod 
(1923) are usually positive Methylene blue is reduced in broth. Some members 
are able to produce H,S, and some to reduce nitrates to nitntes Indole is not 
produced A powerful filtrable hxmolrsm is formed by one member of the group 
B bntmanyepeciesaresaidtobebsmelrbcfPeppelSSS) ^hly 

active bactenadal sub«UQ£es, called (yrocidm and yromtctdin (*ee Chapter 6) 
appear to be formed by several difierent members of the group (Dubce 1939, 
Dubos and Cattan<H> 1939, Dubos and Hotchkiss 1911) 

Anbgenie Structure —Most of tbe serological work has been earned oat with 
a new to s^aiatmg B anihraeti bom the other members of the group A pre- 
npitating serum prepared agamat the anthrax bacillus will react not only with 
Its homologous antigen, but also with the pseudoanthrax baciQi, though in a 
lower btre , conrer«ely tbe anthrax bariDus will react m a low titre with a serum 
prepared against some of the pseudoauthrax bacilli. A similar group reaction u 
noticeable m the complement-fixation tet (Poppe 1922) From this we gather 
that the aerobic spore-beating baaQi form a group the members of which are 
closely related antigemcally , the diCerenhabon of B anlliTaets, at least, can be 
esmed out cm a qnantitatire hasia 

An attempt has been made by Siereis and Zetterberg (1940) with some slight 
success to classify other members of the aerobic sporc-beanng group br preopita 
taoo and complement-fiiatioa tests The most important antagetuc study, how 
ever of recent rears is that of Howie and CruicksLanb (1*40) who, working with 
B ceretw B fnesenlfrictis, and certain other members of the group, were able 
to 'how that the vegetative baciUiand the^porescontaiaeddifferentantigens thus 
confirming the previous general conclusions of Hefalle (1902) and Slellon and 
Ander®on (1919) Pure anti-'pore sera could be obtained by mjectmg rabbits 
with a suspension of spores practically free from bacQh or with a suspenson of 
organisms in which the bacillary anti^ had been destroyed by autoclaving for 
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20 minutes at 15 lb , or by absorbing ont the anti bacillary agglutinins from a 
muced serum No attempt ivas made m this work to study the relationship of 
different members of the group to each other, but ta a paper published shortly 
after Howie and Cruickxhank’s, Lamanna (19105) brought evidence to show that 
B suhtil%s, B lulgatus, and B mesentencus along with B agrt, belonging to the 
small-celled sj>ecies, cotzld be separated serolog^ally from each other by means 
of their spore antigens (see also Lamanna 1912) Separation of members of the 
large celled species was less successful, but a broad distinction could he drawn 
between B cerexis and B megatherium 

Pathogenicity. — Speaking generally, we may say that the anthrax bacillus is 
highly pathogemc for most animals , and that most other members are non 
pathogemc for all animals This statenieat, however, must be qualified Under 
natural conditions the anthrax bacillus gives nse to disease in man cattle sheep, 
and certain other of the domesticated animals , under experimental conditions 
it is pathogenic for the laboratory animals Under natural conditions other 
species of BaciUu$ rarely give nse to disease, but an exception must be made for 
B svbtUis, which may cause severe eye lesions, notably indocychtis and pan 
ophthalmitis (Axenfeld 1003), and which may occasionally invade the blood stream 
of patients whose powers of resistance are lowered by the attack of some fatal 
disease (Sweany and Fumer 1925) Occasionally too, infections such as memo 
gitis and psecmoBia may be duo to pseudoasthrax bacilb (Sesge 1013, Wilamowski 
1912) There is evidence that some mernbers, when allowed to grow excessively 
m food, may produce toxic substances capable of giving rise on ingestion by man 
to gastro enteritis (see Chapter 72) Under experime&to] conditions, the pseudo 
anthrax bacilU are non pathogemc for all laboratory ammals except mice, and 
for these ammaU only when injected intraperitoneally in a large dose — 1-3 loopfuls 
of an agar culture B tnegathmxm is, however, definitely toxic, and is able to 
kill guinea-pigs injected intraperitoneally in less than 24 bouts This is due to 
the formation of a hasmolyain The fact that some ^seudoanthrax bacilli may 
on occasion prove patbogemc to mau and ammals, and that after long subculture 
B anthracts may lose its virulence for laboratory ammals. suggests that there 
may be a gradual transition from the non pathogemc to the pathogemc state 
(but see p 845) A pseudoanthrax bacillus, described as B (roptevs, has been 
isolated from mice inoculated with the blood of patients suffering from “ coastal 
fever” in Queensland, but its relation to the disease is doubtful (see Heaslip 
1941) 

Classification — ^This is very difiicult, and any classification adopted is bound to 
be arbitrary Some authors inde the group on the basis of motiLty, others on the 
cEaracter and situation oftfie spore, otfieia on cuftnraf cfiaracferistics, and otfiers 
on several properties taken together To each of these methods there are objections, 
and agreement is still far from being reached In two of the most recent studies, 
for example, the entena used for classification differ widely, with necessarily 
contradictory results De Soriano (1935) who made a sj stematic study of 200 
strains, proposes a classification based primarily on whether or not the spore 
causes deformation of the bacillus, and secondarily on morphological, cultural and 
biochemical characteristics Lamanna (19i0a), on the other hand, who studied 
105 strains, suggests a classification based pnmanly on the size of the bacterial 
cell, and secondarily on the mode of germination of the spore Thus ho dts 
tinguishes first of all between Bmall-cellcd and large-celted species The small 
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extremely resistant to chemical disinfectants the exception of tho«e substances 
which act by oxidation. 

Metabolic and Biochemical Beachoox — Some members form a p^ment, generally 
brownish yellow m colour, occa«ionaUy pinL On the whole, pigment formation 
isnot a stnhing characteristic, and tends to appear late The optimum temperature 
for growth i anes from 20 “ C to 37“ C , few grow below 12’ C , and excluding the 
thermophSic bacilli which grow at 60(* C , none grows abore 5b® C According 
to Lamanna (1940a) the email-celled species, like B *«5t«7v.», B and 

B tnesenlencus have an average tnuumom and m^vimritn temperatnre about 
5® C higher than the Ia^e*ccUed species like B emus \s regards oxygen pressure, 
they are aerobic or facnltativelv anaerobic A high partial pressure of CO, tends 
to inhibit growth of B avlitlis (Levine 1936), and to favour capsulation but to 
rectrict sporulation of B cnihracts (Sterne 1937) 

On carbohydrate media the majonty of members form acid only, but a few, 
hke B osterosporus, B polipn^ia, and B aeeiodihyheum produce gas. 3Iost of 
the members ferment glucose, maltose and sucrose , some ate able to attack man 
mtol and salicin. Lactose u rarely fermented A diastatic ferment capable of 
inverting starch is ■'ecreted by <»ome A proteolytic ferment for gelatm is produced 
by nearly all, and by a few for blood senun A true rennet-like clot is often formed 
m litmus milk, and is subsequently digested , the htmos is reduced. Some strains 
peptonize milk without actually clotting rt The reactiou becomes alkaline 
Both the catalase test and the oxi<la«e reaction described b7 Gordon and Md.«od 
(1923) are usually po itrve ^fetbylese bine is reduced in broth Some members 
are able to produce E,S. and <ome to redoce nitrates to oitntes. Indole is sot 
predueed A powerful filtrable h®moly$m u formed by one member of the group 
B mtgaiJienum—bnt many species are said to be h*molytJC (Poppe 1922) Highly 
active bactericidal «ob«t4nces, called tyroctdin and yramicidia (see Chapter 6) 
appear to be formed by several different members of the group (Dnbos 1939, 
Dubos and Cattaneo 1939, Dubos and Hotcbkiss 1941) 

Antigenic Structure — 'lost of the '^tolt^icsl work has been earned out with 
a view to separating B anihraas from the other members of the group A pre- 
cipitating semm prepared against the anthrax badllas will react not only with 
Its homologous antigen, but also with the pseudoanthras bacilli, though in a 
lower titre , conTei»ely the anthrax baciUos will react in a low fatre with a semm 
prepared against some of the pseudoanthrax bacilli. A similar group reaction is 
noticeable m the complement-fixation test (Poppe 1922} From this we gather 
that the aerobic epore-beanng badlli form a gronp, the members of which are 
clo«ely related snhgemcally , the differenbahon of B anihraas, at least, can be 
earned out on a quantitative basis 

An attempt has been made by Sievers and Zetterberg (1940), with some slight 
success to classify other members of the aerobic «pore-beanng group by precipita 
tion and complement-fixation tests. The most important anbgenic study, how- 
ever, of recent years la that of Howie and CruKtshank (I“40) who, working with 
B cereus B mestJilencur, and certain other members of the group, were able 
to show that the vegetative bacilli and the •pores contained different antigens, thus 
confirming the previous general conctnsions of Defalle (1902) and Mellon and 
Ander»on (1919) Pure anti-<pote sera could be obtained by injecUng rabbits 
with a suspension of spores practicaDy free from bacilli, of with a suspension of 
organisms m which the bacillary antigen had been destroyed by autoclavmg for 
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20 mumtes at 15 lb , or by absorbing ont tbe anti bacillary agglutinins from a 
mited serum No attempt tras made in thu work to study the relationship of 
different members of the group to each other, bat in a paper published shortly 
after Howie and Crmckshank’s, Lamanna (19106) brought evidence to show that 
B stiiiilis, B vulijatus, and B mesenteneus along with B agn, belonging to the 
small-celled species, could be separated serologically &om each other by means 
of their spore antigens (see also Lamanna 1942) Separation of members of the 
large celled species was less successful, but a broad distinction could be drawn 
between B cereus and B mtgaihenum 

Fathogemcity — Speaking generally, we may say that the anthrax bacillus is 
highly pathogemc for most animals , and that most other members are non 
pathogenic for all animals This statement, however, must be qualified Under 
natural conditions the anthrax baoUiis gives rise to disease in man cattle sheep 
and certain other of the domesticated animals , under cxpenmenta! conditions 
it 13 pathogenic for the laboratory aiumals Under natural conditions other 
species of Bacillus rarely give rise to disease, but an exception must be made for 
B suhlUis, which may cause severe eye lesions, notably mdocycbtis and pan 
ophthalmitis (Axenfeld 1903), and which may occasionally invade the blood stream 
of patients whose powers of resistance are lowered by the attack of some fatal 
disease (Sweany and Pinner 1925) Occasionally too, iniections such as menm 
gitis and pneumonia may be due to pseudoanthrax baciUi (Senge 1913, Wilamowski 
1912) There is evidence that some members, when allowed to grow excessively 
in food, may produce toxic substances capable of giving use on ingestion by man 
to gastro enteritis (see Chapter 72) Under experimental conditions, the pseudo 
anthrax bacilli are non pathogenic for all laboratory animab except mice, and 
for these animals only when mjected intraperitoneally in a large dose — 1-3 loopfuls 
of an agar culture B megathmum is. however, definitely toxic, and is able to 
kill guinea pigs injected intraperitoneally in less than 24 hours This is due to 
the formation of a hsmoljsin The fact that some pseudoauthrax bacilh may 
on orrnsicui prove pathi^eoic to man and animals, and that after long subculture 
B anthTocis may lose its viialence for laboratory animals, suggests that there 
may be a gradual transition from tbe non pathogenic to the pathogenic state 
(but see p 845) A pseudoanthrai bacillus, described as B tropicus, has been 
isolated from mice inoculated with the blood of patients suffering from ‘ coastal 
fever” m Queensland, but its relation to tbe disease is doubtful (see Heasbp 
1941) 

Classification — ^This is very difficult, and any classification adopted is bound to 
be arbitrary Some authors divide the group on the basis of motihty, others on the 
character and situation of the spore, others on cuftaraf characteristics, and others 
on several properties taken together To each of these methods there are objection*, 
and agreement is still far from bemg reached In two of the most recent studies, 
for example, the criteria used for classification differ widely, with necessarily 
contradictory results De Soriano (1935) who made a systematic study of 206 
strains proposes a classification based pnmanlj on whether or not the spore 
causes deforuiation of the bacillus and secondarily on morphological, cultural and 
biochemical characteristics I>ainanna (1910a) on the otlier hand, who studied 
105 strains, suggests a classification based primarily on the =ire of the bacterial 
cell, and secondarily on the mode of germination of the spore Thus he dis 
tinguishes first of all between small-celled and large-celled species The small 
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celled Species are subdivided into tbo«e tbat gernunate (I) by shedding tbeir spore 
coat equatomllv or at the pole or (2) comma «ha}^ expansion The 
celled species all germinate by absorption of tbe spore coat. Unfortunatelv this 
brmga many of Lamanna’s largMclled species like B mycotdes S cereu* B meg^ 
tfienum and many of his small-celled species like B ftthiHis B ru^'us and 
B mesCTi/enciM into the same primary subdivision suggested by de &nano of 
speaes whose spores do not canse bidging of the rcgetative portion of the cell 
^me hope is held oat by the serological stadies of Howie and Cnuckshank (1910J 
and Lamanna (19j0&) who hare shown that the spore aati'^en is distinct ixom 
the bacillary antigen that a classification of the non pathogenic members of th* 
group may ultimately be based on antigenic cbaractenstics 

To the medical and retenaary student the chief interest is m the differentiation 
of B anthracM from the non pathogenic «pecics this will be di«ca>scd nnder 
the description of B anlAracit which is given below 

BaciQns anthracis. 

bamed B anthrocit by Coba (1875h) and Bactendium by Davame (lb&4) 
This bacillus is non motile, fonns eapsalea in the animal bodr and sometimes ca 
artificial media and grows on agar m characteristic long segmented, parallel or 
interwoven chains The spores are elbpsoida] or oval in shape are found equa 
tonattv and gernunate by polar rupture It is 
interesting to note that the anthrax bacillus ns 
the first cucro-organi«m in which the presence of 
rc«t«taiit spores was demonstrated. Spores are 
never found in the animal body dunng life and 
in culture appear more- slowlr than those of the 
other members of the group They seem to be 
formed tinder conditions nnlarourable to continued 
growth, ol the vegetative b«illi "Tbew appear- 
ance can be hastened by the addition of distilled 
water 2 per cent vjdmin cblonde, and other salts 
(Bongert I'W) According to Bordet and Benatii 
(1^30) «porulat{on is inhibited bv the presence of 
calcium chloride and favoured by its absence 
Cultures crown on oxalated agar often come to 
consist mainly of sports while tho«e grown on 
agar to which CaCl^ has been added mav lose their spore-forming power com 
pletely 

Tbe curled bair locb apiiearance ol toliniies on agar at gt^tin is tbar 

actenstK bat mav be closely simulated by B eu^ilis illcroscopicaHv this u seen 
to be due to the growth of the bacilli m long interwoven chains Growth parti 
cularlv in broth atateniperatnrcof4‘*5“C forsouiedays causes the appearance of 
several different nzranfr some bare tongb WTll-de^ed capniles give nse on 
agar to the tvpical curled colonies and are highly virnlent some have soft 
poorlv-defined cap«ules form thin shining colonies on agar and are «bghtlv 
virulent others are non-capsulafed give nse to smooth round coni-ei gbstening 
mucoid colonies on agar and are entitelv avmilent fPfei il9ll \angesterl9?^i 6 
Bordet and Renaui 1930) Capsulation is favoured by growth m air containing 
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10-25 per cent of CO, (IvdooMcs 1937) Some variant-s are asporogenoua , jt 
was the«e winch attracted Pasteur a attention and which he con=idcred to bo aviru 
lent Prcisz (1911) has however shown that though there is a definite correlation 
between capsule formation and virulence there is none betn een spore formation and 
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Virulence \ irulenl stnins inaj be cither sporogenous or asporogenous similarly 
with avirulent strains Asporogenous varieties may appear spontaneously in 
cultures incul aled at the usual temperature (Behring 1SS9) or m cultures eonta ning 
weak antiseptics such as 1/2 000 potassium dichcomate or 1/1 000 phenol (lloux 
1890) Such varieties when arising from a vanitcnt strain are themselves fully 
virulent, though prolonged contact with weak antiseptics may eventually lower their 
virulence The normal highly virulent bacillus forms a large rough colony of 
frosted glass appearance with a curleil edge morphologically it consists of bacilli 
arranged in chains (Figs 179 18t) The avinilcnt^eillus forms a smaller smoother 
tj pc of colony with a slightly crenated edge morphologically it consists of bacilli 
arranged singly lO purs end to end or in email bundles (Figs 178 180) 
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In tie dry state the spores may remain »li»e for 12 years or more (Pasteur 
IBSlo) Accordmg to Murray (1931) a saline suspena on eontainmg 1000000 
spores per mL is stenlired by moist, beat at ’'O'* C m 15 to 45 nsinutes at 9o® C 
in 10 to 25 mmutes and at 100® C in a to 10 minutes. 

The antigenic rtructure of the anthrax bacBlaa has received considerable atten 
tioru As early as 1921 Kramar obtained evidence that the capsiile contained a 
glycoprotein probably belonging to the class of poendomnems A soluble specific 
carbohydrate incapable of giving nse to antibodies on injection info animals but 
reacting to a high titre with anti-anthrax semm was extracted from anthrax bacilb 
by Comhiesco Som and Stamateaco (1929) A suzular substance was prepared by 
Schockaert (19‘’9) It is however mainly to the work of Temcsit (1930) Tomcsik 
and Szongott (1932 1933) Tomesik and Bodon (1934 193o) Bodon and TomcsiX 
(1934) Sordelh and Denlofeu (1930 1933) and Someth Denlofeu and Ferrari (193'’) 
that our knowledge of the antigenic stnictnrc of this orgamsm is dee There appear 
to be two main antigens one a protem like snb'tance p’eacnt in the capsule the 
other a polysaccharide Bnb«tance present in the body of the organism. Specific 
preapitms for both the protein like and polysacchande constituents are found m 
serum prepared by the mjection of animals with capsulated baciUi and each can 
be differentially absorbed in the nsnaV way In animals infected with anthrax 
both antigens can be demonstrated to the tusues by the nse of precipitating *er3 
Later observaboos by Ivanoncs and Erdos (193 ) and Ivaooncs and Bruckner 
(193ie b 1933) hare shosrn that the capsular vnb^nce contains a gronp-specific 
hapten common to S aniAmeu and certam other members of the Baei7/ui group 
It appears to coanst of a polypept de of high molecular weight contauung d(~)- 
glutatmo acid. It reacts in hgh btie with a prmp tating «enim prepared by the 
inocttlabon of nbbita with heat killed capsulated anthrax bacilh but cannot by 
itself sbmnLste the formabon of antibodies (Tomesik and Ivanovies 1933) The 
somatic polysacchande is said by Iranoncs (1940) to consist of glucosamine and 
^lactose with acebc acid attached to the molecule. 

The anthrax baciUus is naturally palAcgenic mainly to the herbivoia and to 
man but occas onally it attacks other animals. Expenmentally i proves fatal to 
the mouse gumea pig, and rabb t less often to the rat. The larger the dose 
the shortens the bme to death. SubenUneoas mjectiou of 1 loopfol of an IS hours 
agar culture lulls mice guinea pigs and rabbits in about 12 to % hours a amall»r 
do«e 1/lOOofaloopfol lolIsthemiaSOtoiOhoars a still smaller dcse l/‘*000000 
of a loopful kiHs mice m 96 hours guinea pigs m 56 hour« and rabbits m 104 hours 
(Sobernheim 1S97) Other members of this group never kill in such small doses. 

Post mortem, there is a gelatmoua hzmorrhagic local cedema the viscera are 
congested, the blood is dark red and coagulates less firmly than usual the «ple«) 
IS enlarged, dark red, and very friable MJcroscoyicallr the bac21i are found in 
large numbers in the local lesion in the blood, and in the thoracic and abdominal 
viscera they are confined almost entirely to the mtenor of the cnpiUanes, where 
their numbers may be so great as to cause obstruction to tbe blood flow the 
tissues themselves are rarely penetrated. Thoi^h the disease tenninalea in a 
sepbcamia it is not till 4 or 5 Louis before death as a rule that the bacilli 
BCtnallv gam access to the blood stream 

Infect on may also be euecesafuHy achieved by cutaneous intracutaneous 
mtramuscnlar mtrapeatoneal or intravenous injection or by feedmg Tbe most 
certain route is the intramuscular the least certain the oral (Sobernheim and 
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Muratn 1921) In p^ncral it requires a lai^e do^o to produce a fatal infection 
b} tbe mouth (Gio\an-irtIi 1931) I’ost mortem in ca^M of oral infection, in 
addition to the onlargcnicnt of the spleen and the occurrence of Rcpticiemia, the 
intoRtinal mucewa i^ eecn to be coaered with small furuncular swellings, through 
which the KnciUi have gamed access to the blood 0/ the three animals the mouse 
IS the most susceptible and the labLit the least, the guinea pig occupying an 
intermediate {>osit]OD This diiTercaec in susceptibiJitp is scarcely noticeable, 
escept with a strain of weakened Mnilence (see Chapter 60) Rata are more 
difficult to infect than other rodents, but are said to succumb easily if fatigued 
bj continuous ctcrcisc on a rc\o)ving drum (Chamn and Roger 1890) They 
may develop o chronic disease after subcutaneous injection, which does not 
prove fatal for 4 or 6 weeks Dogs may bo infected by subcutaneous injection, 
though not uniformly Birds, with the exception of sparrows and young doves 
and coldblooded animals are resistant, likewise Algerian sheep (Chaus eau 1880a, 
6) (See Davaine IgCSa.ii, 1861, Koch 1877,Franknnd Lularsch 1892, Sohcmheim 
1897, Oppermann 1906, Balteano 1922, I’oppc 1922, Basset 1925, Katzu 1925, 
lluUer 1925, Sanarclli 1925 ) The cxpenmcntal reproduction of the disease in 
larger animals is considered on p 1736 

IVsteur (ISSlb, <) found that by growing the anlhnis bacillus at 42 5* C for about a 
month be was able to 2o«%r its virulenre to such an extent that it proved hanniess to sU 
animals except new b>.<ni guinea piga. It) suceeasire passage through these animate the 
bseillus gradually trgained it« i inileneo Ufl it was able to kil] 5, 0 and 4 day and Liter 
fully grown guinea pigs , eventually its siruknco was entirely 
rrslored From the work of I'reirxfJOJDit would spjear tijat 
this resumption bf vtruhnre is due not to a gradually increasing 
Tinilenoo of the individual orgnmsms. but to an idteration in 
the proportions of virulent and aviniknt Kicilh in tbo culture 
Ho found that tho eCTi-ct of incubating a virulent culture at 
42 fi* C was to cause tho appearance of variants that were no 
longer nrulent to onimalii, eo that in one and tho aanie rulturo 
tsith virulent and avirulent bacith «m» found side by side 
Tbe longer tbe incubation, the higher was tho proportion of 
avinihnt bncilfi After a month or more tlio culture consisted 
almost entirely of avirulont vananU, and on injection into mice 
proved to he harmlotia , the virulent hncilii that were atiii present 
were too few to cause death Rut if such a culture is injected 
into a hen hnm guinea pig these few rmilent btedh may be 
just sufficient to overcome the very low rvsistanco of tho aiumal , 
in consequence they proliferate and dunng Ibo rourwo ofaueces 
give pasangea increaso in proportion relatively to tho avirulent 
variants till eventually the culture consists almost entirely of 
tho virulent typo Tho modem conwption of tho essential 
heterogeneity of single strains, i e the presenco in ono and the 
same strain of organisms showing sharp dtscontinuoiw variations 
m vindi.nce not only has more evidence in ita favour than the 
older conception of the simultaneous and equal rauuig or lower 
ing of all the bacilli in the strain, but explains more easily the 
variations in virulence that are noted consequent on altered 
environmental conditions 

Several observers (Ilankin !889, Martm 1690, Marmier 
1895, Btandfusz and Schnauder 1925) have shown that 
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when B at>lhrac\s is grown m a broth culture toxic albumoses are formed, 
which prove fatal on injection into animals, Mittm also found a toxic alkaloid 
There is no evidence that a true exotoxm w foimed , the toxic suhstances appear 
to be formed largely by the disintegration of the proteins m the medium. Aoki 
and laniamoto (1939) brmg evidence to suggest that B antkracts forms an endo- 
toxin vrhich 13 capable of activating spores m mro The foimation of a hamolysin 
has been asserted by some authors, and denied by others, it is possible that 
different strains may varj m this respect There is certainly no hiemolvsin pro 
duced for cattle or horse blood, but there is endenca to suggest that one may be 
formed for sheep, goat and rabbit blood (Poppe 1923) 

The mam criteria of value in the differentiatioq of B arUJiracts from those 
bacilli which may be confused with it may be given in tabolar form 


B anlhraeti 

1 hi on motile 

2 Capsnlated 

3 Grows in long chains 

4 No turbidity in broth 

5 loreited &r tree growlh in geUlm 

6 Poly^cchande precipitin reaction 

strongly positive 

7 Pathogenic to laboratory animals 

8 Lignefaction of gelatin slow 


AiiArax Uit or to-Mliedfteudoanihrax bacilli 

Generally motile 
Kon-capsnlated 
Grow in short chains 
Frequent turbidity m broth. 

Fit tipe groirti ahaent or atypsca) 
Polysacchstide precipitin reaction 
weakly junitive 

Nod pathogenic to laboratory animals 
Liquefaction of gelatm rapid 


An inverted fir tree growth m gelatin is given by some strams of pseudoaothrax 
baciUi, but the branches ere thick and mtetlaced, quite different from the tegular, 
delicate, lateral outgrowths of B anthracts It is sometuxies stated that the 
anthrax bacillus does sot show hsmolysis on blood agar plates, whereas the 
pseudoasthrax b&cdU form colonies eunousded by & lone of bsmolysis This 
depends on the type of blood used, and is at best an uncertain entenon for 
differentiation 

When fiesUy isolated from the ammal body , the anthrax bacillus rarely causes 
difficulty m identification, but after prolonged subculture m the laboratory it 
may lose “cveral of its important characteristics, eniih as capsule formation, the 
inverted fix tree growth vn stab gelatm, and its pathogenicity for laboTOtoiy 
animals, and may then be very difficult to classify Nevertheless bacilli have 
been described which have given rise to an anthrax hie disease in man and other 
animals, yet which have not conformed to the usual entena of B anlhracts 
(Schnlz 1901, llilamowski 1912, Senge 1913) Such bacilh have usually been 
classed as pseudoanthrax bacilh, but it is probable that some at Iea«t have been 
vananta of the real B antfiracis, usular to those deaenbed by Preisz (1911) 

The characters of certain species of Baallus mb sammanred below 


Synonymr — Bacten 1 1 * 
Wotilat — Parasitie n 
iforpMcyi/ — Rod", 
agar plates 
woven 
mals mostly 


Baollos anthracis 
iLArtxin, SlilzbraDdhamlhu 

sheep and other umin^v. 

Struct or elightly curved, ends tnmeato ; on 
icallj m veiy long, segmented, parallel, or joter- 
uta not in&^uent' m culture* In Wood of am- 
or 4 Spores equatorial, ellipeoidal, not bulging, 
animal body Non-motile. Caj^e found in 
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animal bod^, and on lerum media, lost on agar , suirouncU entire chain of bacith 
Gram positive. Non acid fast 

Agar Plate — Irregularly round, 2-3 mm in diameter, raided dull opaque, greyish 
while, plumose cnloniee, with a tessellaled or rcticnlar structure, an uneven surface 
and a curled edge Mcmbranona consistent, emulsifiabihty difficult , colony 
consists of jiarallcl interlacing chains of bacilli, and is characteristic After about 
a week irregular round scales appear on tlia surface of the colony Several colonial 
vananls have been described 

Ag^r Slfrpe — Thick, raised, spreadiDg, greyish yellow growth, with an uneven surface 
and an undulate edge showing httle curled projections , moist and slightly ghsten 
ing Xooks as if there were innumerable tiny air hubbies beneath the surface 
After about a week irregular round scales appear on the surface of the growth. 
Oelatin Stub —Poor Chform growth followed by outgrowth of delicate lateral extensions, 
longest at the upper part of tho culture, giving an inverted fir-tree or lamp brush 
effect Liquefaction cratenform , occurs very slowly 
Broth — Ko turbidity, or very Gne floccular turbidity , moderate Goccular deposit, con 
BisUng of interwoven tlireads, and disintegrating partly on shaking No surface 
growth, 

Ufood Serum — Abundant, creamj yellow, confluent, curled growth with uneven surface 
No hqueZsctioB 

Potato —Raised, dry, greyish white, slightly spreading growth, with undulate or serrated 
edge. 

ilMtsfanee —Spores killed by boding id 10 minutes In dry stale remain ahre fo* years 
Jftfsiiofie.— Aerobic , facultative anaerobe. Opt temp 37* C Limits 12* to 44* C 
Figment none. Hemolysis some etrains are stated to hxmolyse sheep s ted cells 
Nulntional, grows well on ordinary media, growth not improved by blood 
scrum or glucose. 

Rii’Wemteaf — Acid, no gas, in gtucoee, maltose, sucrose, and later m sahem, Gnnl pH 
5 5-6 0 Indole — , HR ±, VP±, nitrates reduced to nitrites HjS — 
Nil, +4- > methylene blue reduced , catalase + Litmus milk coagulated and 
decolorized , later peptonized 

Anligcme Strudure — ^Tbcre u a cap«ular polypi plide cnntainmg antigen and n somatic 
polyaieicitaiidf'-eofttaiiiing aattgea, Oto fepnner has somo group rtiatiou^p to 
cajisular antigens found in certain otlier members of the Cacr/his group Both 
antigens react specifically with precipitating antisera 
Palhogentetli / — Naturally pathogemo to man, cattle, sheep (not Algenan}, goats pigs 
and camels ] rarely to carmrorcs ExpenmentaUy mice guinea pigs and rabbits, 
injected sc or toi , die in 12 to 40 hours . p.m , htcmorrhagio local exudate enlarged 
spleen, and bacilli in blood Rats lesa susceptible Birds, except sparrows and 
young pigeons, cold blooded animals, and fish are resistant 

“BaciUna anthiacoides," or “BauUus pseodoanthracis ” 

BaciJii more or Jess cJoseJy resemblmg tie anthrax hacjWiw have been fsoJated 
by numerous workers Xrom such substsDces as soil, water, meat fish and bone 
meal, wool, dust, oil cake, and l«s frequently from animals and man These 
organisms have frequently been term^ S pseudoanlhracts oi B anthra 
cotdes Reference to the available papers renders it evident that more than 
one species has been described We do not propose to consider these organisms 
m more detail, since their differential diagnosis from the anthrax bacillus has 
already been dealt with It is safficient to point out that moat of them are 
motile, non-capsulated, form sporra abundantly withm 24 hours on agar, produce 
an even turbidity or a surface pdhcle m broth, give rise to colonies on agar which 
are le«3 curled and have fewer and Jess regnlar outgrowths at the edges, are more 
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resistant to heat, form alkab m Iitniiis milt, and are gcnerallj* non pathogenic, 
though sometimes they may be fatal to mice and ctch guinea pigs on mtrspcntonea! 
inocidation in lauly large doses The clasaficatioa of these organisms is at present 
impossible, they seem to range from annilent aariants of B anthraexs, on the 
one hand, to ^indent \ anants of 2? t^btOxs on the other For some of the strains 
which hare been described, see Hueppe and ood (1SS9) Hartleb and Stutrer 
(1897) Schnlz (1901) Bambridge (1903), Wilamowsti (1912) and (jnerson (1928) , 
and for two useful reviews see Potscluschcwsty (1914) and Poppe (1922) 

B subhlis 

Great confusion has prevailed, and m fact still prevails, over this organism 
It was described by Ehrenberg in 1838 who found it in hay infusion, as I 
iuht\lx$ and by Cohn (1875a} as BaetBus suUBis Neithu of the descnptions 
was sufficiently full to enable the organijn to be distinguished from others that 
simulate it closely, and in consequence organisms that are almost certainly different 
from Cohns original bacillus have been identified with this organism. In an 
eitenave mvestigation of the BaciUus gronp, I^wrence and Ford (Ford 191G) in 
Amenca gave this name to an organism that differs in several important par 
ticulars from that given by Cohn The baciUos described by the German worlers is 
fairly large 3-1 ft long by 1 ft tbici may form threads is actively motile, forms 
antltfaxlike colonies on agar, gnes use to a thicL wrinkled surface membrane 
in broth liquefies blood serum, and gives a thick, yellowish white creamy growth 
on potato, later appearing as if strewn with dry, white granules The bacillus 
described by tha Amencau bactenologista is one of the smallest of the aerobic 
spore-beanag bacilli, a 2 fx long by 0 4 broad, does sot usually form threads, 
IS sluggishly motile, forms dry, hard, glassy colonies on agar adherent to the 
medium gives rue to a thm branchmg scum lo broth, Inter looming more dense, 
falls to liquefy blood scrum, and on potato gives a luSTonant, warty, pink, growth 

According to Conn (1930), there are two different types of bacilli commonly called 
B subUltS one fonnmg small spores which genmnate cquatorially (Uarburg typo) 
the other fonnmg larger spores showing polar gonninatioo (Afichigin type) Conn 
advances reasons to prove that the Marburg type is the onginal and genuine type, 
while Soule (1932) maintams that the classical B suUilta is represented by the 
Michigan type At the second mternational Microbiological Congre:>s the 3Iarburg 
type was officially accepted as the type slram (St John Brooks and Breed 1937) 
Unfortunately however, evidence on serological and other grounds has since 
been adduced by Lamanna (1910{i} to jbow that the Marburg type «traui is really 
a stram not of B subtilis but of B evfyatus {<»ee also Lamanna 1942, Knay«i and 
Gunsalus 1944) 

In the following summary of the properties of B tubtHis we have described 
the small-celled type of organism showing eqoatonal germination of the spore, 
which was in the mmd of the bactenologic^ nomenclatnte committee of the 
Congress For some of its properties we have drawn on the de^nption given 
by de Soriano (193o) Lamanna (1940a, 6) and on onr own personal observations 

I anant colonies with diffi-rent bsciUaiy moqihology have been described by a 
number of workers According to Sonle (1928), there la a rough and a smooth type 
closely simulating the corresponding type of S an/Aracis (see p 843) Graham 
(1930) who like Soule probably worked mamly with strams of the Michigan tiTw, 
described four variants two of which were motile and two usnally non motile 
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Variants I and III formed smootb, circntar, shmjr colonics witli regular margins , 
II fortne<i “rneeJasa head ’* colonies, nlutc IV formed slightly irregular colonies 
ttith an uneven surface and a rather granular tex- 
ture "All four \ariaDts had the name heat stable ^ 

somatic antigen Varnnts I and 11 had rnaddition 
a common heat labile flagellar antigen 

BaciUos subtUis Coha einenJaut Prazraovsl-i ^ 

Syncaii^mi — Hay bacillus 

llalilai — Hay, dust, milk, soil, water ^ 

t/or/)fto?oyi/ —blender rods 1 5-3 x A 5~0 ft /<, straight » 
or curved, rounded ends, oeenmng suigly or m 
short chains Actively motile bj ft-12 |K^tnehi>to 
ikgcUa ^oll calculated Spores are o\a) I 5 /i 
y 00 /I formed sub tcrmuiAlIy, ilo not causo t83 — B tvUilu 

bulging of the cell and girminafc equatonall; Smooth type of colony Agar 
nithoutsphttingalonglhc transverse axis, appear 24houn.37*C (x 8) 
on agar in 18 hours Cram positive Non acid fast 
Affar Plate — Irregularly circular calomea. 4-0 mm. in diameter, slightly raised, greyish 
jelfow, and having a darker crumbly centre surrounded by a lighter penpbery 
with a curled edge. Surface is finely granular, memhnnoua orfrialloconstsirnry, 
ailherent to ineduim , cmuUifieation rather diflicult Iteecmhle anthrax colonies. 
Agar Slope . — \bundant, confluent, greyish white, raised, opaque, somctimea wrinkled 
growth, uitlt an un<iula(« and finely serrated edge and a mealy surface, tlern 
hraitous conaLstency. adhirent to medium emulsifying fairly 
eaaily 

(7cl<i/m Stab— Filiform growth with rapid infundibuhform or 
saccate bquefiiction. thick white niembrstte on surface 
adhering to the sides of the tubo. 
fircth — ktoderate turbidity, shght deposit, with formation of a 
thick WTinkJed surface membrano adhering to the walls of 
tba tuba , pc}bc}a often 9/oiu to Iho bottom 
Plond Servn. — Thick folded membrane . liquefaction. 

Pirfu/o — Thick, yellowish white, raised, dull, creamy growth. 
Utcr sprinkled with ifry white granuli-s giving a mealy 
appcarsDco 

nitwArmicet — Acid, no gas, in glucose, maltoee and sucrose. 
Indole — M Ik — , \ P T , nitrates reduceil to nilntes 
II,S — , . mrthjleno blue reduced, caUlaoo + 

Litmus milk partially clotted, peptonised, and decoloriKd 
from above downwards. Starch la hjdruliinvl 
A/elaMif~Am»be, facuftatfre anaerobe. Opt temp. 37"^^ 
IJmita IS-fif* C. 

/'lyment —Cream to ebratnut brown 

A utritiandf — Crows freely on ordinary mntia , growth not itn 
proved by blood, aenira. or glucose, 
pin im—D /■&- IlizmcJynt -P-l^pe on horse blowl agar jlates given by some 
li/i< strains. 

Stsi’tatter — Simrca withstand boihng for hours. 

In gelatin lUb^l Vfrwftare— litiJi esact knowledge aiaiUble Motile 

shying ^Infar ll' strains appi at to havo a beat labile flagrllar and a heat 

tutiform li-pielae. ww»»tw antigen Sjsirr antigen li diPrfrnt from 

tloo baedUrj antigen 
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Pathogcninty — May gire me to conjoDctmtis, mdocHoroiditis, and panophthalmitis in 
man OccaaionaUvinTadeathe blnodstnam in cachectic disensea. 1 mL 24'hoars* 
broth colUvw eonsetimea proves fatal to nice wvjcctctl lotfapentoneallj , sub 
CQtaneous inoculation into rats occasunatly girca n<e to a local infiltration, and 
to eubmihary abscesses m the lungs. Most strains are non pathogenic. 

B mesentencQS and B vnlgatns 

Fliigge (1886) first described an organtato, generally known as the potato 
bacillus, under the name B mesenUncus vulgataa There is a tendency now to 
regard B wiesenfenciis and B vnlgatvs as two distinct species though Flrnn and 
Rettger (1931) thml that they ate Tananta of a angle species Even the mo«t 
recent descriptions, such as tho^e of de Somno (193o) and Lamanna (1910c}, 
are not in entue harmony, and it is difficnlb id the absence of Internationa) agree- 
ment to do more than reproduce the ehancters that ha\e been assigned to theie 
organisms 

A variety, by some regarded as a distinct specie^, of B mescn/encus is B 
mesfntenevs /ii'cus (Fluege) or the brown potato bacillus It resembles B 
tnesentenevs, but differs from it in being sbghtly smaller, in having less tendency 
to thread formation and in (orrmng on agar and potato a thinner, greyish brown 
layer ol growth. A red potato bacillus was desenhed by Globig (1S8S) as B 
mesenlmau ruber It u sometimes known as S plobiyit Mtgula On potato it 
forms ft reddish wrinkled growth of a tougli viscoos consistency There is also 
a black potato baciUus, described as S mesenlmeua nu/er, and sometimes 
knows as B eUemmua Lehman and Neumann , on sobd media, especially on 
potato, It gives a charaetenstic thick, wrinkled, black growth A bacillus, B 
muenteneua pamt ttscoa, sometimes known as B jxints, is responsible for ropy 
bread 


BaciUns vnlgatus (Flugge) Treiisan 
Sj/nonyma — B mtsenlencua nlyntua, potato bacillus 
IJabilni — Found in dost soil water, milL. 

ilorfhriogy — Bather slender about 2-4 /« X 0 -"& , uligblly round'd ends oenimng 
singly and in short chains Motile by pentnehaie fl-igilla. ^(lorea p\oid 1 ^ 

X 0 6 /( formed sub terrauialli, do 


not cau<e bulging of the cell and 
genmnate eqiiatonallT mlh splitting 
along the transverse axis Non 
capsulated Cram positire Non 
acii fast 



Fro ISo — B vulgatut 
StDooib trpe of colony Agar, "4 boors, 
37" C (X 8) 



Fig — B rwfyoiuj 

Same colon> M in Fig tiio otter 48 hours 
incubation si owing marked irrcgutontr 
of aarfaro and edge andirau^ pen 
pberal nng ( x 8) 



BA01LLV3 MESEIfTriilCUS 

Agar Plate — Round or o^al, 4 nun in diameter, rais^ greyish 
ycJIou, opaque colnim-s withentirecdgc Surfioe lasmootfi 
jn centre and tenth to be unnlJcd tonsnli jwnpheri 
Uoiisistcncv numliranniM or friable, not adherent to 
medium , emulsification difficult 
ifjar Slope. — Profuse, confluent, raised, greyuh } ellow, dull 
opaque, wrmkled growth, with finely graonlar surface, and 
smooth or anduhtc edge , membrinotu and difficult to 
emulsify Membrane on nater of condensation 
Oeldlin Slab — Piliform growth , rapid bqueiaction, infundibulo 
saccate, with heavy surface membrane and deposit 
Broth —‘Forms thick surface scum, which falls to the bottom, but 
re-forms , turbidity moderate at first, later clears, with 
heavy tough membranous deposit 
Blood Serum. — Moderate, confluent greyish yellow growth with 
uneven or nodular surface , tbght liquefaction. 

Potato —Thick, creamy 3‘ellott, wwrsely wrinkled, viscous growth 
surface mealj and yellowish 
JlfslaholMm,— Aerob^ facultaiive anaerobe Opt temp 37” Cl Fw 187 — B pulfotuf 
Limits 12-65” C. In stab gelatin 4 

Biochemical — Acid in glucose and sucrose, but not lactose or days 20*0 show 
mannitol Indole — , MR V P T , nitrates reduced 
tomtntes IT,S — , NHj + , methylene blue not reduced, ^ " 

catabae 4- Litmus milk de«<^on2cd. and peptonued from above downwards 
Starch u hydrotised 

Pigment — Slight yellouuh or brownish red 

Hvmolysu — ^hsmolysis on horse blood agar plate by some strains 
yutrihonaf — Orowi freely on ordinary media. Growth not improved by blood Eenim, 
or glucose 

Ant\gen\c Slruelitrt — Spore antigen differs from that of S sub/ilis According to Sievets 
(1242) the vegetotiie bacilh may l>e sub divided into at least four groups by means 
of precipitation tista 

/brfojentcuy— i ml. 2<-lioura’ broth cuftore may tiB mice injected intrapentoneafly 
Otherwise non pathogeoic 

BaciUns meseatenens (Flugge) Migula 
Synonyms — B meeentenevs lulgalus, B mtsenieneus fuKvs potato baeifius. 

Uabital — Found ui dust soil water, milk 

Morphology — Slender rods 1-3 ji X 0 5-4) 7 /* , rounded ends occurring singly or in 
pairs Motile Spores oyrnd, I 15/»x06/« formed sub terminally, do not 
cause bulging of the cell, and genmnate by comma shaped expansion (Lamanna 
Noa aapftihied Cmio po^Ove 2ftai amd /ash 
Agar Plate — Raised, whitish, Irregular colonies of moderate sue, with smooth gbstening 
surface and entire or undulate edge 

Affrtf Sloje — Abundant, glistening, smooth, wiutiah growth with undulate edge 
Qelaltn Slab — Fihform growth with slow stratiform liquefaction 

Broth — Marked turbidity without fbrmatioii of pelhcle and with cottony sediment 
followed gradually by sedimentation and clearing 
Potato — Abundant ghstening whitish growth 
Melaboham — Aerobe Opt temp 37® C Zanitts 12-65*0 

Biochemical — 4nd in glucose, maltose luamutol and sucrose Indole — , SIR — . 
VP T I lutratca not reduced to mtntea, IljS — , catalase •+• , Litmus milk 
decolon^, coagulated, and dowly peptonized Starch not hydrolysed 
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Fluent — "None 

ilnJig^ic Stnicfi re — ^j>ore antigen w difr<.Knt from tUtt of li subtihs or D tulgatat 
B megatheriom de Bary 

First described by de Bary in 1884, who louncl it on cooted cabbage leave* 
It IS one of the largest members of the BadUm group and occurs in dust soQ, air, 
mill, and water Morphological and colonial variants have been described by 
Knaysi (1933) According to Rettger and Gillespie (1935), the well known morpho- 
logical pleomorphism of this organism is governed largely bj environmental con 
ditions particularly ozygen starvation It forms a powerful linMnolysin (Todd 1901, 
1902 "W arden ef of 1921), most active towards the ted corpnsclea of man monkey, 
and the guinea pig , it appears in broth cnltutes at 37® C on the Snd or 3rd day, 
increases to a manmum on the 6th or 7th day, and then diminishes slowly Ozygen 
13 essential for its production The hremolyein, which can be filtered through a 
Pasteur Chamberla^ candle deteriorates rapidly on keeping and like many other 
true tozms is destroyed by heating at 56® C for half an hour Subcutaneous injec 
tion into guinea pigs gives nse to a laige local swelling with subsequent necrosis On 
mtravenoua injection into guinea pigs it gives nse to hsmoglebinnns but is not 
fatal except in large doses-^about 10 ml Antihemolysin can be prepared by 
injection of the luemolyam into goats Warden ConneU and Holly (1921) found 
that when 2 mL of centninged broth culture were injected intrapentonesUy into 
guinea pigs the aumals died in less than 12 hours Post toortem the abdomen 
was distended the pentonenm congested, there was hsmolpsed blood m the 
peritoneal cavity and bloody fiuid m the lumen of the gut in the pleural cavities 
and over the thighs They bring evidence to suggest that the toxin and the 
bamolysin are one and the same body 

Bacnias megatbenum de Bary 

Synont/ms— Probabt; reptesents eoove Etratna known m B snAramdrs or B peevtfo 
enlArocu 

£fa5 tat —Found in dust soil water milk. 

SlorjAalojy — large, rod-abajied 3 9 /< X 1‘2 Long 
unsegmenlcd forms are common and ghodow 
forms appear early Ends slightly rounded, aris 
carred occurs singly lu paifs and in chaini 
Cells cootaio fat globules. Motile by 4-S pen 
tnebate flagella. Spores equatorial oral or 
eDjpsoidal, not bulging , germination by absorption 
of eporv coal \on-capEulatcd Gram positive 
'Son.acid fast 

Agar Flak . — Round 3-5 mm m diameter raised, dull 
gr^ish white opaque colonies with entire edge 
and finely granular surface sometimes radially 
FiQ 188 — B tnfjallenum stnaled, may show difierentiation into raised 

Surface colony on agar 36 opaque centre and thin Iranslueent periphery, 

hours 3" C (X 8} membiasoua consistency emnlaifiabilily lairiy 

easy After about a week irregular round scales 
appear on the surface of the cobmy sunilar to those on anthrax colonies. 

^jor Slope.— Profuse moist raised glistent^ greyish yellow creamy growth with smooth 
surface and entire edge butyroua nmsistency , eometimea may show parallel 
raised ndges bke contour lines , emulsifies ensJy After about a week irregular 
round scales appear on the surface of the growth similar to those of anthrax. 
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Gdatin Stab — Abundant filiform growth with mfundibuliform or saccate liquefaction , 
no surface membrane. 

Broth — ^loderate, finely fioccular, tuchidity, with slight ring growth and a powdery 
deposit, later becoming heavy and vucous 

Blood Serum. — Abundant, moiat, creamy, yellowisb growth, with granular structure and 
finely contoured surface Ko liquefutton 
Potato — ^Tluck, greyish yellow, mealy growth. 

^etfMfance — Siwrea are said to withstand 18 lbs steam pressure for 1 hour , killed by 
20 lbs for I hour 

ile/aMim — lerobe, facultative anaerobe Opt temp 35*C Limits J0-15®C 
Pigment — None 

Zftrniolyiis— Powerful hxmolysin produced, acting especially on the red cells of man 
monkeys, and guinea pigs. 

Toxin —The hieinolj’sin is fatal to laboratory aiumals. 

Kulntxonal — Grows well on ordinary media , not improved by blood, serum, or glucose 
Btoehemtcol — Acid, no gas, m glucoae, maltose, and sucrose. Indole — , MR — , 
VP ^ Nitrates reduced to nitntee, ahght, NHs+ , HiS— , methylene blue 
reduced, catalase -b Litmus milL sometimea clot, followed by peptonization 
and dccolonzation Starch is hedrolj-acd 

Patiogenieity —Non pathogenic under natural conditions The hsraolysm is fetal m 1 2 
ml doses to mice and guinea-pigs injected inlraperitoncivlly P hL bsmorrhagio 
ezudate in pentoneum and pleura 

B mycoides Flugge 

First described by Flugge (1866) , common in nu!k, water, soil and dust Is 
easily distmguisbable from other members by its typical xhitoid growth on agar 
It IS a highly proteolytic organism, which is said to convert half the protein 
mtrogen of tbo medium into ammoma , when growmg m the soil it therefore 
plays an important part in tho procesa of deoitnficatioo Some strains are said 
to secrete a highly actne proteolytic ferment capable of lysing cultures of ceitam 
bacteria (Schubert 1923) Variant morphological and colonial types have been 
described by Lewis (1932, 1033) and den Dooren dc Jong (1933) 

Bacillus myroides 

Synonyms —B tamotus Eisenbcrg Root bacillus 
Hab tat — Found m milk, water, soil and dust 

Morphology — Rod shaped 3-5//XlO/i, Iruncnted or slightly rounded ends occumng 
singly, in pairs small groups, and chains , long unjointed threads not oncommon 
Motile by pentnehate flagella Spores arefar^, equatonal and ellipsoidal measur 
mg I 8 X OS not bulging, germiuato by absotplion of spore coat Non 
capsulatcd Cells store fat as reserve materud Gram positive tson acid fast 
Agar Plait. — Large, spreading raised, greyish white, dali, opaque and rhizoid colorues, 
with finely granular surface , denser nuclei, dark in colour, are visible from which 
the peripheral shoots anso , membranoua consistency , emulsification fairly easy 
Agar Slope. — Abundant, confluent, spreading rtuzoid, opaque growth, greyish white and 
slightly glistening , surface honeycombed, due to the presence of arborescent 
ndgea forming a raiseil network- Growth penetrates the medium and is hence 
firmly adherent to it, 

GeXaUn. Stab — Arborescent, filamentous growth , saccate liquefaction clearing of gelatin 
with formation of a deposit and a Boifoce membrane. 

Broth. — No turbidity, firm, sometimes wnnkkd, surface membrane, depositing later 
Blood Serum — ^Luxuriant, rhizoid growth, no digestion, 
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Pigment — None 

■inUgemc Structure — Spore nnti^en w «lfSeimt fttHw tlirtt < f B or B rulgntui 

B megatheriMa de Baiy 

First described by de Bary m 1884, who found it on cooked cabbage leave® 
It 13 one of the largest members of the SaciOti* group and occurs m dust, sod, air, 
m’lt, and water Morphological and colonial variants have been de®cnbcd by 
Knaysi{1933) According to Bettger and Gillespie (193o), the well tiiown morpho- 
logical pleomorphism of this organism is governed largelv by ennronmental con 
ditions, particularly oxygen starvation It forms a powerful haemolv'in (Todd 1901, 
1902, TVarden el al 1921], most active towards the red corpuscles of man, monkey, 
and the guinea pig , it appears m broth coltnres at 37’ C on the 2nd or 3rd day, 
increases to a maxnnnm on the 6th or 7th daj , and then diminishes slowly Oxygen 
13 essential for its prodnctiom The ha^molynn, which can be filtered through a 
Pasteur Chambetland candle, detenorates npidly on keeping, and like many other 
true toxins is destroyed by heating at 56’ C for half an hour Subcutaneous mjec 
tion into guinea pigs gives nse to a targe local swelling with subseijnent necro«is On 
intravenous mjection into guinea pigs it gives nse to hsmoglobuiuna, bnt is not 
fatal except in large doses — about JO mk Antiisroolysm can be prepared by 
injection of the h^molysm into goats Warden, Connell and Holly (1921) found 
that when 2 ml of centrifuged broth culture were injected intrapentoneallj into 
guinea pigs, the animals died in less than 12 hoims Post mortem the abdomen 
was distended, the pentonenm congested, there was hscmolysed blood in the 
peritoneal cavity and bloody fluid in the lumen of the gut, in the pleural canties 
and over the thighs They bring evidence to suggest that the toxin and the 
hemolyeis are one and the same body 

Bacillos megstbenum de Bary 

St/nonynu — Probably represents some strains known as B anlhraeoidts or B pttudo- 
anihrant 

Baliitat — Found in dust boiI, water nulk. 

ilarph/Aagg — large rod-shaped 3 9 #« X 1-2 #i. Jiong 
muegmented forma are common anil shadow 
forma appear early Ends sLghtly totmded, axis 
curved , occurs singly, m pairs and in chains. 
Cells coDtaio fat globules. Motile by 4-8 pert* 
tnebate flagella. Spores equatorial oval, or 
ellipsoidal, not bulging , germination by absorption 
of epore coat Non capoulaied Gram positive 
acid fast 

Agar note. — Round. 3-5 tnia. in diameter, raised, dull, 
grayish white opaque colomes with entuo edge 
and fiody granular surface sometimes radially 
Fig 188 — B megalhenum stnated, may show differentiation into raised 

Sorface colony on a|rar 36 opaque centre and thin translucent penpheiy , 

hoon 37° C (X S) znembtanoua consistency, emulaifiabilitv fairly 

easy After about a week irregular round scales 
appear on the surface of the colony, sunilar to tIio«e on anthrax colonies. 

Agar Slope, — Profuse moist raised ^islewng greyish yellow, creamy growth with smooth 
surface and entire edge, butyious conaisfency , sometimes may show parallel 
raised ndgea hke contour bnes , CTuisifies easily Alter about a week irregular 
round scales appear on the surface of the growth aimilsr to those of anthrax. 
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Gelaltn S/n6 —Abundant filiform gro^h «ith infundibulifortn or saccate li<juefaction , 
no sarfsco membrane. 

Bro/A.— Aloderate, finclj floccular, lurbidit>< with slight nng growth and a powdery 
deposit, later becoming heaT) and tiscous. 

Blond Srruri — Abundant, moist, creamy, yellowish growth, with granular structure and 
finely contoured surface ivo hquefaction 
Potato. — ^Thick, grejish yellow, mealy growth. 

Spores are said to withstand 18 lbs steam preasuro for 1 hour , killed by 
20 lbs. for 1 hour 

Vr/obolww,— Aerobe, facultatiie anaerobe Opt temp 35* C. Limits 10-il5*C 
Pigmtnt —None 

llamnlyns. — Powerful h-emolysm proiWcd, acting especially on the rod cells of man, 
monkeys, and guinea pi^ 

Tonn — Tho LTraoIysin is fstal to laboratory animats. 

A utn/ionol — Grows well on ordinary media , not improved by blood, serum, or glucose 
PiocAemiral — Acid, no gas, in glucose, maltose, and sucrose; Indole—, SLR — , 
VP ^ Nifrafca reduced to nitntea. sbght, N7I,+ , HiS — , methylene blue 
reduced , catalase + Ulmns mdk sometimes clot, followed by peptomration 
and dccoloriKitiou Starch is hydn lysed 

/VrtoTCfiKn/y— Non pathogenic under natural conditions The hiomolysta is fatal m I S 
ml doses to mico and guinea pigs injected intrapentoncally P SL Usmorrhagio 
exudate in peritoneum ami pleura 

B. mycQldea FlQgge 

First desenbed h) FlOgge (t8S6), cominon to milk, water, soil and dust Is 
casilji distingimhablo from other members by its typical rhitoid growth on agar 
It IS & Iitghlf protcoly'tic organism, which is said to conrert half the protein 
nitrogen of the medium into aromotua, when growing in the soil it therefore 
plays an important part m the process of denitrification Some strains are said 
to secrete a fughl) actiic proteolytic ferment capable of lysing cultures of certain 
bacteria (Schubert 1923) \8riant morpbologica) and colonial types have been 
described by Lewis (1932, 1933) and den Booren dc Jong (1933) 

BaciUus mycoides 

Synonyms — 13 ramoeus Eisenberg Root bacillus. 

Habitat — Found In milk, water, soil and dust 

ilorphnloyj — Rod-absped 3-5 X 1-0 /«, truncated or slightly rounded ends occurring 
singly, in pair* small groups, and ctiains , tong unjomted threads not uncommon 
Motito by peritnctuste tiagclla Spores are huge, equatorial and eUipsoidal, measur- 
ing 1 8 /< x 08 /< not bulging, gennmate bj absorption of spore coat Non 
capauiiftn’ Cblti store tat as rraerre matenaf [wsitire A'oh ac«f Anrf 

Agar Plate —Largo spreading, raised, greyish white, duU, opaque and rhizoid colonies, 
with finely granular surfaco , denser nuclci.dark in colour, are visible from which 
the penpberaf shoots anse , membranous eonsMtency , emulsificstion fairly eaay 
Agar Slope.— Abundant confluent spreading rbizotd, opaque growth, greyish white and 
slightly glutcning , surfaco iHmeiCombed, due to the presence of arborescent 
ndges loriuing ti raiw*! «ctir< rk Cnratk penetralfa tJie niedium and is hence 
firmly ailherent to it 

Oelalin Slab —Arborescent, filainenlous groath , saccate liquefaction , clearing of gelatin 
with formation of a deposit and a surface membrane. 

Broth — No turbidity , firm aometiroe# wnnUed surface membrane, depositing later 
Blood Senim. — Luxuriant, rhizoid growth, no digestion. 



5JC1IX05 


SM 

Potato. — Abundant, mealr greTish tmwB gpowtb of yiscona con*ist«cy , surface 
granular 

/“rjujfaBce.— Spores are said to withstand 15 lbs. steam pres aui 'e for 1 boor lulled br 
20 lbs. m half an hour 



Fio I$9— £ Mjemdee 

Surface grortb of tbuotd trpe on a^ar 3 dap, SO* C. ((tba satunf (ue ] 

2IetaMttm — Aerobe facultatrre anaerobe Opt. temp. 30 C. linut* 10-40* C. Fig 
nent none Smie strains sectele s Ivsm eajnble of dissolnng cntam bactem. 
B<rmolym—\atie on hor^ blool agar (ibtea. 

^«frl^»oaa^. — Groses fairlr srell on ordinarr media gro^lb not improred br blood, 
sonm, or glnisMe but angmented bj nitrates. 



Fig B »*3/o>«is Fix. I**! — B wtymJu 

From an agar slope cullnre *daTS,-30*C. Ctetral part of a surface colimr on arrsr S 
(X lOnO). daesgSO C.,s&oinngrtiizotiIstructt!ie(XS} 
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Bi0cAemica{— Actd,nogaB,mgluCDse,inaltoseaadBUcro3e Indole — — , VP 

nitrates -f-, NHj^- , HjS alight -f-, methylene blue retluc“d, catalase + 
Litmus milk, slow peptunization and decolonzatioti Starch is hvdroljsed 
Palhogenicitij — ^Non pathogemc to man and animals, 

B, cereus FranUand 

This organism is one of the large celled spcctes Its exact identity is doubtful 
Lamanna (19-lOc) uho studied 31 strains found three distinct physiological groups, and 
concluded that B eereua represents a group of organisms rather than a single species 
It is generally described as an organism 3-7 ft X 1-1 2 /i, forming ovoid non bulging, 
bub terminal spores Large, smooth, irregular, very finely granular eofomes on agar 
ivith a rlmoid periphery Abundant smooth, gbsteniug, whitish growth on agsr slope 
Very marked turbidity m broth with formation of a surface pellicle and a cottony deposit 
Filiform growth in gelatin with fine ramified ofishoots , infnndibuliform liquefaction 
Range of growth lO®— lO^C Foriua acid in glucose and maltose. Indole — , HjS — , 
VP—, nitrates usually reducetl to nitrites , litmus milk decolorized coagulated, and 
slowly peptonized , starch hydrolysis variable The spc*e antigen seems to differ from 
that of B vtfgaOtenum. 

S. Tolans, 

The interest of this organism, which was described hy BobccU (1035). lies m the fact 
that its colarues are motile Two sorts of co ordinatcd motihty are displayed rotation 
and miction Rotation may occur either clockwise, or anti clockwise and is common 
in the early stages of colony foimatioa Later the whole colony migrates, pursuing an 
involved and sometimes spiral course, leaving behind it a few cells to mark its snail like 
track Unhke Proteus, this orgamsm moves lieely even on a dry surface Other organ 
isms showing oolomsl migration hsvo been desenbed by Smith and Clark (1938) Russ 
Munzer(1938) Shinn (1933), and Turner and Bales (1041) under such names aaP etreulana 
and B afiet The organism studied by Turner and Estes formed colonies that migrated 
at 37* C. at the rate of 2 5 mm per minute 

As well as the more cammoa represeotatires, there are large numbers of other 
oiganiams that have been desenbed, such as B polymyxa Migula, B albolactui 
Migula, B fusiform^ Gottheil, B coharem Gottheil, B terminalw Migula, 5 
pefastfes Gottheil, B tumeacent Zopf, and B gravtoUns Gottheil For their 
description the reader is referred to the pubhirations of Loeffler 1887, Globig 
1888, Hueppe and Wood 1889, Flilgge 1896, Lehmann and Keumaan 1896, Hartleb 
and Stutzer 1897, Chester 1901, Gottheil 1901, Schulz 1901, Bainbndge 1903 
Neide 1904, Neufeld 1913, Poppe 1913, 1922. S«i^ 1913. PotscJuschewsky 1914, 
Ford 1916, Laubach 1916, Bergcy 1939, and to the monograph of de Soriano, 1935 
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CHAPTER 36 


CLOSTRIDIUM 

THE SPOJtE BEAWhG ^iNJEROBES 
Dzn«mo'f — Cloifriiium 

Anaerobic or tiucroa^raphtbc rods producing endospores, srhn-ii are usoallr 
wider than the Tfgetatire orgamsma in which thev anse — so-called clostndium 
forms. Generallj’ Gno poaitiTC Often decompose protein media and often 
ferment carhohjdntea. Many epeoen form esoloxios and many arc pathogenic 
Type epecjca u CfostrvfiKm fctttjfTWum ftaiinow»ti. 

BeXote the wat of 1914-18, the study of the epote beanng anaerobes had been 
undertaken fitfully and by usperfeet methods , much attention had been paid to 
their pathogenicity, but little to their general biological characters. One and the 
same organism had teceired msnr different names, and many organisms with the 
same name undoubtedly belouged to different species. The only tfro organisms 
about which no doubt existed were the two that formed a highly potent toxin, 
recognizable by the specific effects they produced on injection into animaU — namely 
Cl tdant and Cl hofulinum It was not tiD the exigencies of war rendered an 
intensire study of the anaerobes necessary, and till the introduction of McIntosh 
and Fildea jar made it feasible to obtain pure cnltuies with relative ease, that 
the ob«cunty suitounding this group was dispersed. 

Most of the older woikera had failed to realize the difficulty inherent in obtaining 
pure cultures of the anaerobic bacilli The new technique, especiallr by enabling 
plate cnltorea Co be made, lerealed at once the impurity of many of the classical 
strains and pronded a means for the preparation of single-colony cultures For 
the first time a distinctiTe account was pronded of the mam species, which made 
possible their identification, and which disposed of many spunoos characters that 
had been attributed to them Incidentally fre*h species were discovered {For 
references on the production of anserobiosis see Libonus 1686, Franlland 1869, 
Smith 1890, Taiozzi ISOo, Smith et al 1900-06 Laidlaw 1915, McIntosh and Ffldes 
1916, Report 1917, Eolker 1918^19, Rockwell 1921, \amev 1926, Wilson 1926, 
Hall 1929a, Dickens 1934, llcClung a al 1935) 

Habitat — ^The anaerobes are widdy distnbated in nature, but their mam 
habitat IS undoubtedly the soil Some of them appear to be common inhaLirants 
of the jntestinal canal of man and animals Cl w^Au, for example, is uniformly 
present m hnman faeces , Cl tetanx has been found in about lG-10 per cent of fecal 
«pecimens of domestic animals , Cl sporogenet is frequently, and Cl hxstolgticum 
occasionally present It has been held ly some that the intestinal canal is the 
mam habitat of certain of the anaerobes, particularly Cl Mam, and that their 
pre«ence m the soil can be explained fecal contamination The fact that this 
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organism is lotmd m virgm soil taken far from hnmsii or ammal habitations tenders 
this view improbable It would seem more likely that the pnmary habitat of the 
majority of the anaerobes is the sod , that they are ingested frequently with 
vegetables and fruit , and that some of them are able to adapt themselves tem 
potanly or permanently to a hie in the intratinal canal 

Their presence in soil and feces accounts for their frequent appearance in dust 
milk and sewage In spite of the fact that they lead a saprophytic existence 
several of these species are causally related to well recognized diseases in man and 
animals 

Morphology — The anaerobes ate endowed with a pleomorphism that renders 
their identification on a morphological basis very difficult and often frankly im 
possible Not only may an organism assume different shapes under changing 
environmental conditions but under one and the same set of conditions it may 
pre«eDt very different forma 

Like the aerobic spore bearing bacilb they are large rod shaped organisms 
In length they vary from about 3 to 7 or 8 but long filamentous forms are 
quite common Their breadth vanes from about 0 4 to 1 2 /i The vegetative 
bacilh are straight or curved their sides arc parallel and their ends rounded or 
somewhat truncated Jlost are arranged singly but some occur m pairs or in 
chains others in bundles the members of which are arranged parallel to each other 
Inegulai {oims mclude navicular or boat shaped organisms citron forms shaped 
like a lemon with a small knob at each end large swollen non spormg rods or 
Dtgonta snake like filaments deeply stained bulb Lke types aud a great 
variety of 80 <al]ed involution forms varying both is shape and la depth of staining 
Autolysis frequently sets m with the commencement of eporulation so that shadow 
forms ate numerous particularly in certain species 

Sporulation is common to all members but there is considerable variation in 
the readiness with which it ocenrs Cl fpmogtncs, lot example spores readily 
on all media , Cl Kthhi* only in media free from a ferzoentable carbohydrate and 
then inconstantly AH the pathogenic members ate able to form spores in the 
animal body though Cl tcelcAt* does so rarely 

It has been customaiy to classify the anaerobes according to the shape of the 
spore and the position in the rod at which it appears Thus we have (1) those 
with an equatona] or subtermmal spore (2) those with an oval terminal spore 
and (3) those with a spherical terminal spore This division is useful for certain 
purposes but it must not be used too ngidly It is common, for instance to find 
organisms that usually form subtennmal spores giving nse to spores that are 
strictly terminal The distinction between a spherical and an oval terminal 
spore may also be a matter of the utmost nicety 

The spores of most members are wider than the vegetative bacilh they there 
fore confer on the organism a distinctive appearance according to the position m 
which they arise If they ate formed at the equator the clostndium is spindle 
shaped , if subtermiDally club-shaped with an oval ternunal spore the organism 
may look like a tennis racket with a spherical terminal spore like a drum stick 
^\lth the exception of Cl vtleJtw all the members are motile 1 v iwntrichate 
flagella Jlotibty however is often difficnle to demonstrate esj ecially m artificial 
cultures and m strains that have been subcultnred tot some time k oung cultures 
in brotb or cooked meat medium not more than 6 to 24 hours old are the most 
fioitahle for examination If these ate negative the organisms should be examined 
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la the tissae fluids of injected ammals The nsuftl coverslip method is satisfactory 
in most instances, but if this fails, examination should be conducted in a cIo«ed 
capillary tube that has been inoculated with a young broth cultnre and kept at 
37" C for about half an hour As is cnatomAcy with large organisms, inotibty 
is rarely well marked, and is usually of the <Iow and stately s'anety, m contrast 
to the rapid, darting moYementa of emalieT organisms such as Sulm iyphx 

Cl ^yncwm and Cl wlehxi are the only members possessmg a capsule ; the 
capsule of C71 tcelchu is nobceable in the animal body, and sometimes in cultures 
containing eerurm 

Staming Reachoss. — ^All members atain readily with the usual dyes Great 
irregulanty is noticeable m the depth of stAimog, especially m cultures more than 
a day or two old. Sometimes metachromatic granules are noticeable, or points 
of more mtense coloration Provided young cultures are erammed, the bacilb 
are all Gram positire Some species rapidly lose this property, and some can be 
decolorised if the alcohol is applied for too long In the eady stages of spore 
formation, the position of the spore is often marked by an area of intense staiomg , 
as It matures, however, the spore presents * colourless centre surrounded by a 
penpherally stained rmg 

Cultural Reactions —On sobd media growth is relatively slow, and takes the 
form of a thin, eflose, often spreading film, winch ma) be di&csit to distinguish 
from the underlying medium. 

The tendency to film formation u promoted by moisture On first isolation 
Cl stplteum^ and particularly Cl telant, tend to spre^ rapidly oi er a moist surface 
If Cl tetam is inoculated into the condensation water of an agar slope, it will in 
the course of a day spread over the whole medium , the film u so thin that, were 
It not for the dentate edge presented at the upper end of the slope, where the 
medium is dner, it might easily escape detection Advantage may be takes of 
this &et in the isolation of this organism (FQdes 25a) The spreading of clostndia 
can be inhibited by the mcorporation of certam chemicals lO the sobd media 
The majority of these, however, are to some extent bacteriostatic , inhibition of 
spreading without bacteriostasis, as Hayward (Miles and Hayward 1913) has shown, 
may be achieved by increasing the concentrahon of agar up to about 6 per cent 
Ceitmn clostndia also produce on agar motile daughter-colonies, which rotate and 
wander over the surface of the medium (Turner and Eales 1911} Concentrated 
agar is less effective as an inhibitor of this type of spreading 

Agak PLATts — Sm^e colomes ate rounded, generally efiuse, and present 
crenated, fimbriate, or rhizoid edges Cl wcWii, which is one of the less etnet 
anaerobes, forms low convex colonies with an entire edge , Cl iporogents and Cl 
Ms/(rlytt(!ttmaiAy hem aaibciuite colomes mih s rsts*id centre and a penpiery 
The colonial appearances are often charactenatic, but some species give nse to 
variants which not only are unlike the typical colony, but which strongly Bu^e«t 
the occurrence of contamination. Several difleient types of colony may be formed, 
for example, by Cl fporogenti 

Glccosb Agar Sbake Cultdess — These are commonly employed for studying 
the form of deep colonies, and by many workers for the preparation of pure cultures 
Except near the surface, growth occurs throi^hout the medium , this u frequently 
disrupted and blown upwards by the devdopment of gas Single colonies are 
rounded or lenticular m shape, and lenhcolac forms may later develop irregular 
tufts of growth, spiontmg from the edge or the poles of the lenses , sometunes 
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they arc differentiated into an opaqne centre and a translncent periphery their 
edge may be entire but is more often woolly etose or presents that cunous reticular 
filamentous appearance of a cigitelUs thronn into water There is a general 
correspondeuce between the form of surface and deep colonies Thus round 
entire edged and raised sniface colonies nsuidly correspond to opaque and lenticular 
colomes m deep agar irregular or coarsely thizoidal to opaque and lumpy , 
delicately rhizoidal to fiuffy , and spreading colonies to deep colomes like a snow 
flaVe Again, surface colonies with central papQhs usually correspond to deep 
colonies with a marked central opacity 

Biood Aoir PtATES — On these not only is the colomal form charactenslic, 
hut the degree and type of hemolysis afioid a useful differentiating feature 
between the members of the group Hsmolysis is well marked after S-days 
incubation at 37° C , if the plates are then etored in a dark cupboard at room 
temperature it often continues to increase With a thick seeding the whole plate 
may be completely decolorised 

hlany organisms give haemolysis of the a prune type after 3 days incubation 
(see Chapter 21) , after a further 3 days this passes into the fully developed 
P \ anety In some cases it is possible to specify the hsmolytic factors concerned 
For instance the relatively wide tone of hicmolysis produced by toxigenic strains 
of Cl wtlchu On loutme horse blood agar is usually due to the 0 toTin (p SCO) 
if the action of 0 toxin is suppressed by 0 antitoxin a narrower ill defined zone 
of partial hemolysis is revealed due tooc toxin The action of the a l>sin is greatly 
enhanced by calcium ions Some strams of Cl uelcht produce only the a typo 
of iemolysis (ENans 1915) 

Gooses Meat Medisu ~Moat of the memben grow well in this mediutm All 
render the fluid tuihid to some extent and most produce gas The proteolytic 
members tarn the meat black and may obviously digest it the ssccharolytic 
members do not digest the meat and frequently turn it pmk ^ arying reactions 
are recorded in this medium, depending on the stram used the batch of medium 
and the length of incubation Both m this medium and in other media the pro 
teolytic members form characteristic foul and pervasive odours while in cultures 
of the saccbarolytic members there ig no odour or if there Js it is not foul 

Coagulated Serum and Coagulated Ego — ^These media are used for testing 
the proteolytic powers None of the ssccharolytic organisms is able to liquefy them 

Gelatin — At 23“ C most members grow poorly In stab culture Cl leiam 
gives a characteristic fit tree growth followed later b} liquefaction At 37“ C 
gronth IS improved and is generally sccompaated by permanent liquefaction 

Sasjsiasra — tie sponog stage all the members present a marked but 
variable resistance to heat di^g and disinfectants Thns the spores of Cl 
beltdinum withstand boilmg for 3 or 4 hours and even at 105“ C ere not killed 
completely in less than 100 minutes Cl crdmafiens is a little less resistant thin 
Cl botuhntim (Ho}t CSianey and Caiell 193S) On the other hand spores of 
Cl tcelchii are said to be destroyed by boding in less than 5 minutes (Headlee 
1931) Cl sp(yrogates can survive exposure for fl days to a 6 per cent phenol 
solution In dried earth or dust Cl Mam may live for jears Stock cultures 
of n ost members jn cooked meat medium remain Mable for months some 
such as Cl faVax and Cl eochleanum are more delicate an 1 requite transferring 
frequently 
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Metabolism. — ^Up till witiin recent yeaa it was generaDj believed that members 
of this group were anable to grow except when orvgen was rigidlv excluded from 
the mpdinm Though free ois^a doc» mhibit their growth and mar actuallr 
destroy organisms in the non sponng state it ts quite pcKsible to obtsm growth 
of anaerobic bacteria in the presence of air p"0VTded a suEcicntly low oxidation 
reduction potential is established in the medium. This can be done by including 
substances in the medium which will taVe up molecular oirgen and bring about a 
fall m the Eh below that necessary for the uuhation of growth- JIany such sab 
'tances are available some of which act tnamlybr absorbing Dxrgen othersofwhich 
arc chiefly re«pQiisible for the establishment of a low Eh after the molecular oivgen 
has been nearly used np or removed bv mechanical means Sulphites reduced iron 
compounds nnsatnrated fatty adds ac*iv3ted glucose, cv'teine glutathione 
ascorbic acid, thioglycollic aad, and metallic iron are examples of some of the 
substances commonly added to media to bring about the requi^te anaerobic 
conditions. Cooked meat is an example of a medium that affords excellent con 
ditions for anoerob c growth even when incnbaied aerobically Its virtue lies in 
ita containing (1) imsatnra*ed fatty aads which take up oxygen, the reacbon 
being catalysed by the hsmatm of the muscle and I**) glutathione which brings 
abont a native 0 R potential cocreapondisg to an Eh of about — 0-2 voU 
(Lepper and Martin 1930) FOdea (1929) has shown that for the germina 
tioa of tetanus spores an Eh in the medium apprcxunatiug to + 001 volt at 
pH 7*0 IS required , this cotrespoods to tb* zone of complete redneboo of thionin. 
It IS probable that sunilar condibons determine tb* growth of most other afiserobe' 
Cl httotyiimn Cl Urttum and 0 / otmts however are excepbons. Thea^ organ 
urns an microaerophilie rather than anaerob e and can grow to a limited extent 
aerobieaQy though they are «aid to be incapable of forming spores under these 
condibons (Eall and ^Cett 193o} Once growth has stai^ most anaerobic 
orgaomu appear to brmg about a rapid &I1 in the 0 R potential of the medium, 
probably owing to the produebon of a more active reducing sytem than 
that present iQ the medium itself. The Eh frequently falls to below — 04 volt. 
According to Gille«pie and Rettger (195') the fcal ^ reached by the vanons 
clc^tndia in a given medium may be useful in. specie^ charactenzaboo. 
As has just been pointed out in the prepuce of powerful reduemg sy' ems g^wth 
mar continue even though considerable quantibe« of orvgen are gauung access 
to tbe med.uirL 

We have discua.<ed the exact nntnhre ceqairements of certain clo<^dia and 
the problems of anaerobiosis at some length in Chapter 3 The earhe- work of 
Fildes and hi> colleagues (sec Fflde* 193n Fildes and Hnisht 1933 Knight and 
Filde? 1933 Fildes and Richardson 193-3 Pappenieimer 193o Kmght 193ti) and 
of Sbcklsnd (1*^34 1930) on essential nutnenta of clostndia and the modes of 
their utilirabon has-been developed to the pomt where it is clear that the majontv 
of pathogemc clo'tndia are hetenrtrophs, requmng a batterv of amino-aads, 
carbohydrates and vitamins for growth m arhflaal media. Moreover, the energy 
producing mechanisms especially of those clostndia that depend mainly on ammo- 
acid breakdown for their ener^ have been studied in some detail (see for example 
Gale 1910 Woods and Trim 1942 (^hnon 1912 Goggenhemi 1944) \ small 

concentrabon of CO* seems to be as esentul for the growth of the anaerobic 
as It u for so many of tbe aerobic hocteoa (Gladstone Fildes and Pichardscn 
l93o) In addibon, the growth of souk clostndia is greatly unproved by a con- 
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centration of CO* of the order of 2-10 pet cent (Rockwell 19“’! Back et al 1927 
Ajtken el al 1936) 

On ordinary media growth of the anaerohea la poor compared with that of the 
aerol ic spore bearers Some straina grow better than others — Cl welchit Cl 
bifermentats Cl bolulmuii some gi\ e poorer growths— Cf clauvm Cl cochleanum 
Glucose favours the saccharolytic speciea blood or semm improves the growth 
of all The optimum H ion concentration for growth is about pH 7 0 to 7 i (Reddish 
and Eettger 19241 

On media containing hile salts suck as UacConkey s medium growth of Cl 
sporo3*jie5 Cl hofwltnwm Cl hutolyttcwn Cl velchn Cl fetant and Cl septtcuu 
IS accompanied by a greenish fluorescence In our experience Cl e^auveet and 
Cl (Edemotiena have failed to grow on this medinm 

Most of the members with which we are dealing here grow best at about 37“ C 
though many of them arc capable of growing at temperatures of 20“ C and even 
lower There is a group of thermophilic clostndia which have an optimum tempera 
ture about 50“-60“ C and which sornetimes do not grow at all below 30® C 
ILeuoLYsiN pBODuenoN — Apart from their action on blood agar plates many 
of the anaerobes such as Cl (dam Cl taiahu Cl tepticum Cl eedemattens and 
Cl cAauten produce filtiable hemolysins capable of dissolving sheep s red blood 
corpuscles Cernn (I930j states that atoxic strains of Cl te{an% produce as powerful 
a hemolysin as do toxic strains and that normal rabbit horse and human serum 
have a very strong antihaemolytio effect For the detection of hsmolysins cate 
must be taken to buffer the baimolytic systems at the pH of optimum activity 
(Walbum 193S) Fibrmolysms are formed by some species (Carlen 1939 Reed 
Orr And Brown 1943) and leucocidins by otiiers 

Biochemical Beactiotu — The action on sugars is of some value in differentiating 
the anaerobes and constitutes one basis of classiflcation Great care must be 
exercised in carrying out the tests since even with known stock strains the results 
ire often irregular and must be repeated two or three times before they can be 
relied on Some clostndia decolorize indicators irreversibly so that the formation 
of acid m a fermentation tube should always be tested by the addition of fresh 
indicator to a sample of the culture 

Reed (1942) pomts out that both indole formation from tryptophan and the 
redaction of nitrates to nitrites depend on the relative rates of breakdown of the 
oiigmal substrates and of substances formed from them Thus most clostndia 
reduce both lutrates and nitrites and only if the reduction of mtrates is the quicker 
of the t vo processes will a positive test for nitntea be obtained 

One of the striking features of the anaerobic bacteria is the large amount of 
gas that they are abletopioduceeveummediafieefrom fermentable carbohydrates 
Thus Wolf and Hams (1917) found that Cl wwlchss m casein water produced 90 ml 
of gas pet btre of medium and m peptone water 186 ml Cl sporogenes formed 
1 044 ml of gas per litre of casein water in 167 houra and in peptone water 360 mb 
m 24 hours The gas consists of CO, and H, m different proportions according 
to the species of anaerobe The addition of a fermentable carbohydrate to the 
medium increases the gas production Acids are formed as the result of the fer 
mentation w th CJ welcAtt rather mcne than 60 per cent are volatile — mostly 
butyr cacid Ammonia appears to belormedinhuge quantities by the proteolytic, 
and in much smaller quantities by the saccharolytic anaerobes 

An attempt has been made (Anderson 1924) to classify the anaerobes on the 
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basis o£ Ibeii gaseous metebolism Cro^b in plain peptone wates tesnlts in tbe 
production of COj and H, in different proportions , the COt/H* ratio is said to be 
high mth the proteolytic and low with the saceharolytic members Thus lor 
Cl hxstolyticum it is over 91, for Cl sforogena 3f5 9, for Cl hotuhnum 18 3, for 
Cl letani 1 IT, for Cl sejirfiemn 0-98, and lor Cl wefchii 0-4 

Litmus mOl 13 a n«cfnl medium for differentiation {■■ee olf and Hams 1917, 
VTeinbwg and Segmn 1918, IVoW 1918-19, 1919-90, Report 1919, Anderton 1924, 
Wagner el al 1924) Spray (1936) introduced iron litmus mill, and iron-gelatm as 
differential media, in which leacltona with the iron, notably blackening of the 
medium, provide several useful distinctive characters among dostndia (see Table 57) 

It has been stated that none ol the anaerobes is able to form catalase ( kdamson 
1919-20) This statement probably needs modiffcation , we have obtained evi 
dence of its production by Cl sporogene* and Cl h%ttolj/(tcum, though only insmaU 
amounts 

Antigenic Structure — Antisera have been prepared against a number of 
species, and a^lutmation and complement fixation reactions have been earned 
out Difficulty has often been experienced in the preparation of stable suspensions , 
there is a great tendency for auto-i^iutuiation to occur The work of Felix and 
Robertson (1923) showed that the motile species of anaerobes contained thenno- 
labUe H and thermostable 0 antigens, similar to those desenbed for so many of 
the aerobic bacteria It was thought that type specificity, as determined by 
agglutmation, was dependent on the H antigen, and group specificity on the 0 
antigen. 

The more recent work of Hendetsou and others, however, seems to show that the 
position IS rather more complex With Cl tfflieum, for example, Heuiiprsan (1934) finds 
that the most convenient subdinstou u made on the basis of the 0 antigen Though 
there u considerable overlapping in diSereot strains, there appear to be four specific 
0 receptors These four primary groups can be further nbdivided actordu^ to the tvpe 
of the H antigen Henderson (1932) states that there is an 0 antigen common to the 
ovine and the bovine strums of Cl cJbisrm, but that the H antigen is complex, differing 
to some extent according to the amioal eonrre and the country of ongm of the strain 
(see also McHwen 192C,Itoberts 1931) The relation between C7 septicum and CZ cAavro’i 
13 not very clear, bnt the work of Weinberg. Dare»ne, 3IihsiI"sco and Sanch-z (1929) 
and Kreoitr (1939) suggests lhat the two orgamsms are closclv related antigenjcabv 
Cl lelant is dinsible into at least 10 types, al] of which possess a common 0 antigen 
and a second 0 antigen is present in Types t ID, VX, \TI, VUI and A. Tvpe specifiniy 
depends on a flagellar antigen. Cl tctanoraorjiAan has a minor somatic antigen in common 
with CL trtani (WiUdoD 1931 Gonnnon 1937. MacLennan 1939) Attempts to form sero- 
logical groups of Cl trrZc^ii have met with Torymg success Te«t antisera usually react 
fully with the homologous strain, and only with a few hcterolc^ous rtrains (Henri^en 
1937 Duffett 193S, Off and Reed 19)0) There is some evidence that the four toxigenic 
types (see below) differ in their bactenal antigens (Krenzer J939) but each tvpe is anti- 
^ujcally heterogeneous Thus Benderson (1949) distinguished two kin^ of sesnatic 
antigen, a heat-stabk 0, and a heat labile (L),aati'’ecu He found '4rain specific O antigens 
in Type A, but no L antigen , 13 strains of Tvpe B fell into two Q-antigenio groups, and 
into 7 L-anbgemc groups, all hisType Cstrainshad a ciAsmonO antigen but no Lontigen. 
and there were vartoos 0 and L antigeme groufs in Type X> Rodwell (1911) found a 
sunilar variety of O antigens in the four types In CL trc/c^ii thespecifici^ of agglntina 
tion among S forms appears to depend on the nature of the capsulir substance, which 
contains polvsacchandcs On the whede, the eerolc^ca] reactions of antigenic extracts 
of capsular substance are os heterogmieotis as the agglutiiutiOR reactions of the badlh 
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(Meiscl 1938 Orr and n«^ 1940 Svec and McGc^ 1944) The S —*■ R variation m C/ 
ifcWii» IS aceompameil by a loss of specific O antigen (Henderson 1940) 

Cl lo/uhn«n» la divisible into seven groaps accordutg to the flagellvr antigens and 
lbs proteolytic strains appear to possess a comnVMi 0 antigen {Sihoenholz and Jleyer 
1925 XIcClimg 1937) 

Among the proteolytic species we may note that Cl sporogenr* can bo divided into 
at least two groups Serological tests have been usefnl in resolving some problems of 
identity of various species Thus it appears from the work of Clark and Hall (1937) 
and Stewart (193S) that Cl sonU]h% may bo ecmsidered as a vanety of Cl. bijermenlans 
(For other examples see the review of McCoy and SIcClung 1938) One of the more 
mterestmg results of serological study is the confirmation of a cultural and biochemical 
relationship between R variants of Cl kutdlgticum And Cl jporoyeNs# (Smith 1937 Hooger 
heide 1937) , its significance is not clear 

Toxin Formation — It is lemaikable that with the exception of the diphtheria 
bacillus, the organisms forming powerful exotouna belong almost entirely to the 
group of anaerobic spore bearmg baciUi Two of them — Cl hotultntim and Cl 
ttlan % — give nse to tozina more poisonous than any other substances with which 
we are acquainted It has been calculated that the most powerful toxm of 01 
tetam would kill a man lu a dose of 0 25 mgm , and of Cl bctulinum m a dose of 
DOOM mgm 

The formation of a powerful exotoxin does not appear to be associated with 
the pioteolytiQ activity of the organism Soluble diffusible toxms have been 
described in only two proteolytio species. Cl bt/ermcnlans and Cl hislolylicum 
^Tbethet the toxins are formed intra or extra cellularly is stiU unknown Stark 
Sherman, and Stark (192S) have found that if bacteria free filtrates of Cl hoiulinum 
are added to sterfbzed skim milk in suitable proportions and incubated for i days 
at 37” C , a considerable increase in toxicity occurs, suggestmg that enzymes 
present in the filtrate have formed fresh toxin from some constituent of the milk 
A number of clostridial toxins resemble the diphtheria toxm in that they can be 
detoxified by fonnaldebyde with the formation of an antigenic toxoid that can 
be used for active immunization (see Chapters 77, 78) The preparation of these 
toxins requires attention to a number of factors with which we have no space 
to deal But their properties are important, aud must be considered briefly It 
should be emphasized that many of the properties described ace those of toxic culture 
filtrates, not of isolated sibstmces Filtrates from cultures of Cl tcelehii for 
example have been resolved into a number of components, and it is probable 
that other " toxins " hitherto referred to for convenience as single substances will 
prove to be mixtures 

Tetanus Toxin — This vanes in potency , a good filtrate will kill a mouse in 
s d(?se ol 000001 ml It is destrayvd bfieststSS^C lor 5 tmsuiea, bat li dried 
it will resist 120® C for 1 hour Exposure to 55® C for 1 hour is said to destroy the 
greater part of its toxicity, while having little effect on its antitoxin combining 
power (Tschertkow 1929) It is destroyed by direct sunlight in about IShoarsat 
1 40® C , exposure to diffuse daybght results m a gradual weakening of the 

! toxin If precipitated with ammomum sulphate dried over sulphuric acid, ground 
I to powder, and preserved m the dark at 5* C m vacuum tubes under phosphorus 
I pentoxide the toxin will remain unchained for 2 years or more 0 55 pet cent 
' HCl, 0 3 per cent NaOH and 70 per cent alcobol each destroy the toxin in 1 hour 
f The toxicity can be modified by todme tnchlonde, by formol and (Velluz 1936) 
t by carbon disulphide , these reagents are used m serum institutes for weakening 


CLOSTRIDIDM 


the toxin piioi to injection of animals. Tetanns toxin is not absorbed from the 
intact alunentary canal ; there is e^ence that it is destiojed bj the digestire 
jnices. It combines with and ia nenttalized by specific antitoxin. There is 
evidence, based onalackofparaUelismin the toxicity of cnltnre filtrates of Ci./ctoni 
for different species of laboratory animals, that there is more than one component 
in tetanns toxin. These hypothetical components, however, appear to have 
a similar antigenic specificity (Ipsen 1940-41, Smith, M. L., 1942-43). Petrie 
(1942-43) fonnd corresponding variationa in the activity of antitoxins, and con- 
cluded that crude tetanus toxin contained varying proi>ortions of a “ primary ” 
toxin molecule, and an antigenic variant of it. From somewhat dmllat experiences 
Friedemann and Hollander (1943) postulated qualitative differences between 
tetanus to xins from various sources. 

The toxm of Cl. fcoluKnum resembles tetanus toxin in many respects, bnt is 
more resistant to heat and to adds. Thus it reqnires for ita destruction a 
temperature of 80® C. for half an hoar. Honnal hydrochloric add fails to destroy 
it even in 24 hours, but normal soda destroys it rapidly. It is non-dialysable. 
The potency of the toxin varies ; it has been possible to obtain filtrates with a 
for a guinea-pig of (HlOOOOl mL, but tlds is exceptionally strong. It is 
often said to be the only exotoxio that can be absorbed from the alimentary canal, 
but the recent work on enterotoxxmie diseases of sheep (see Chapter 78) soggests 
that the e-toxm of Cl. wtlchix shares this property. 

The geueral properties of the toxins of Cl. trdc^ii, Ct seyfi'cum, and Cl. (nfemo* 
tieru may be conadered together. They are all moderately thermolahile, being 
destroyed by heating to 70* C. for SO to 60 minutes. They are likewise detroyed 
by weak concenttations of acids. When toxie filtrates are injected into guinea- 
pigs or mice they give rise to a gelatinous cedema and a varying amount of necrosis. 
Wembeig and Comblesco (1930) state that uelcAii toxin lyses the red blood cor- 
puscles, producing hxmogtobinuris, causes focal areas of necrosis in the Udney 
and bver, and leads to an increase in blood pressure, which may in its turn be 
responsible for hsmorrhages in various parts of the body. 

Before discussing the toxins of CL udehii in particular, we must refer briefly 
to the four main varieties of the species, each associated with a different disease 
(see Chapter 78) ; these are the classca) CL tfrfcAii of h uma n gas gangrene, ** Cl. 
fljni,” causing lamb dysentery, “Cl. paJudit," causing the sheep-disease “ Struck,” 
and “ Cl. OTtWxicum,” causing an infectioos eatecotoxasmia in sheep. The clrim 
of the last three to specific status has not yet been established. Each variety, 
however, was shown by Wilsdon (1931, 1933) to produce toxic filtrates that could 
be distinguished by their content of a number of toxic components, 

Glennj and his colleagues (1933) identified five separalc toxic CompoDcnts in culture- 
filtrates of Wilsdon’s types, a, y, i, and t. The existence of these coaiponcnts was 
confirmed by a number of workers (Bosworth and Glover 1935, Borthmek 1935, 

1935, Weinberg and Gmllaajaie 1936, Balling and Itos 193S, B^ett 1933. Stewart 1940, 
Taylor and Stewart 1941). Of these five oomponenU, Cb irrieAii Type A was at first 
thought to contain only a. Prigge (1936, 1937) and Ipsen and his colleagues (Ipsen 1939. 
Ipsen it aJ. 1939a, b) found two compouenta, a and C, and in one Type A strain, a third 
component, which they designated jj (see also Kagfcr 1940). It is now clear that Prigge’s 
C toxm IS equivalent to Glenny’e a, and British workers (see Balling and Stephenson 
1942) have recently adopted a couvention whereby Prigge’s a and C ara designated 0 and cc 
respectively. The ij toxin of Ipsen retains its c^inal dcaiguatioa. There are, tberefore, 
eeven toxic components to consider, and 17 . Space forbids moio than a 
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bnef outline of the properties and relationships of ttie Cl wdchu toxins For a full dis 
cussion the reader is referred to the exhansbye review of Oakley (10i3) from nhieb with 
certain modificatioiB we reproduce Table 5t showing the tosms present in the different 
filtrates, and Table 55 showing tbe properties of the toxins 
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GmHo THE DiSTRiBonov or Toxic Compowints c* CntTUBE Pn-TnAXEs or Cl v^tlchu 
(OaUey 1943) 



It will be seen thit the a toxin predoramatca in Type A p and e in T>pe 6 p and S lO 
Type C and e in Typo D filtrates The distinctions both qualitative and quantitative 
between the types are not absolute Mason (1935) for instance records the loss of abihty 
to produce e toxin in Type B strains Borthwick (1937) a similar loss m Type D strains 
and T8}lor (1940) a loss of P tozigeiucily m a Type B strain The properties of the 
toxins are suiniiiamed in Table 65 

TABLE 63 



The a toxin la a thermostable substance lethal for mice guinea pigs rabbits pigeons 
and sheep and when given introdennally produce* a necrotic lesion It is h»inolytio 
for the cells of most laboratory ammals excepting the horse and the goat and is a 
powerful lecithmase The lecithimise activity of « toxin is of great interest Binco it is 
the first known instance of an exotoxm depwident upon, a demonstrable enayme for its 
aotmty Its discovery dates from the demonstration by Nagler (1930) that toxic filtrates 
of all four types of Cl welchn produced an opalescence m human sera and that the reaction 
was specifically inhibited by antisera to Type A filtrates (see also Seiffert 1939) The 
reactivity ran parallel to the toxin content of filtratee Macfarlane, Oailey and Anderson 
(1941) demonstrated a aimilar action of a toxm on extract of egg yolfc and suggested 
that both phenomena were due to an enayxoic splitting of Lpo-protem complexes in 
scrum and egg yolk respectively , and that haemolysis by a toxin might also be due to 
its action on hpo proteins in the red cell envdope The identity of a toxm and lecithinase 
was further established by ilacfarlane and Knight (1941) who demonstrated a quantitative 
splittmg of lecithin by « toxin into phospbochohne and a glycende and the necessity 
for Ca Or Mg ions in the reaction The lecithuiaao activity of a filtrate may be used as 
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a measure of its a tonn content and for compansons of tbe acgtraliting poirer of a anlj 
toxins (for details •«> NagW 1939 0alJ>7^ and Warrael. 19}| ran IleTTungen 
Crool. 19i2) Lecithiaase prodnclK* ua fluid and on a -ar tnllare* of CL trelc^n mar 
be detected incorporatmg boman «-nim or eggrolk extract in media ocmtairung 
a enffioency of free calcram Other bactem, mamlv spore hearing hscOli. proda'^ 
leathmase-libe snhstaaces f\aglCT 1939 Haward I'm Crook 1<^2) bnt »itb one excep- 
tion, Ct bi/cmoiiana (Haprard 1943} none is fiiDy neBtralized by n-anfitonn. 

Tbe 6 toxin has been formd emir m Type A filtrates. It u a etremg bsmolrsin, and 
u also lethal and necrotmng Todd {I941)liaa sboim that it u tbennobbO" and 
labfle. The actintr of oxidized 6 toxin u restored by radacing agents containing solphydirl 
groeps. This property of rerersible oxidation is shared bv the O-streptolrsin o' Sir 
pyoffrnct (Chapter **4} There u also an antigenic relationship bedveca the tro substances, 
each being to a large extent neotralized by antisera prepaied aga.nst the other (Todd 1941) 
6 toxin may be Rmored fma mixtima snth a toxu by adsotptxn cm to snsceptible nd 
ceD stromata (ran Heyningen l*mb aee also Gale and ran Heyningen 1942). 

The § toxm is not luemoljtie it is lethal to mice jrodaang on intnvesoos mjecticn 
a spasmodic tvrtehmg nptdlr foQoaed by death grren mtndennally m gumea pgs 
and rabb ts it produces necrotic lesions. The y toxin ts ceitber necrotmng oor hamcJytiw 
ItJ exrtenee m filbates can be piuied only by its lethal actinty m mice after the other 
toxins bare been neutralized br appropriate antitoxins. The d-toxin is hsnolytic and 
lethal and, like } toxm, ts detected aAer neutralization of other components br anti 
toxins. The t team, vhicb predomioatea in Trpe D filtnten u not hxmcdvtic, bst is 
both lethal and necroUzing large dosra is caice irodnce spareaodic tntdimg ranflar 
to those foQomng injections of ^toxin. Smaller dcaee after a latent penod cf aerenl 
dart, peodnee panlytts. The e tasn. ts firodaced by Type D rtrams as a tbesncKtaUs 
relatirely son toxic substance vtuch ts actirsted by bypu aad other {roteolytie e mvp w 
nth the fcRoahoa of the tberstolabO' toxm (GHl 1933, Beworth and Glorer 1935} 
In disease produced by Trpe B strains (see Chaplff ») the actirstingeaxrmeis apparent^ 
supplied by the infected animal, though according to Tsrocr and BoderHf 1943) lafaroor 
able coodibcnu extraceHolsr proteinases of the bsmllus itaclf mil actrrate the toxin. It 
should be noted that caltoie filtrates of Tvpe A strains may also contam laige amounts 
of A hysluronidasc (ilcClcan 193G eee Copters 44 $) 

The toxin of Cf admatvens w the ODst potent of the gas-gangiene toxins 
the average M.LJ) for a mouse is about MOO^ mL o' irefc^it foxin the 1LL.I> 
IS about 0-2c> mL and of Cl sept cum taxm about (KJOa mL 

Toxic filtrates of C7 produce a mailed Lgcefactire necrosis of muscle 

lethal doses rrhen given mtiavenouslr produce intense cajallarv eii»oTgement and 
mterstibal hsmonhages in the heart with hjalice degeneration of the muscl* 
fibres, and a toxic nephrosis in the ladney of eipenmental animals (PastensscL 
and Bengtson 1936} Titrates may also contam a hsmolysn and a hyahiromdase. 
The hasmolysin has nsnally been regarded as distinct from the lethal toxm bnt 
Bemheuner (1944) has ponced filtrates in wluch the lethal and th« hamolrtic 
activities are Eub*ftaiitiaDy paraDeL 

Tome filtrates of Cl admatiem contain a potent toxm that produces mtense 
gelatinous mdema m muscle. There are few gross changes in the organs followmg 
a lethal mtraTenons do^e of toxin, but degenerative changes, particularly m the 
spleen and kidney hare been observed (FastemacL and Bengtson 1940) Traces 
of lemthmase, a hyaluronidase and a hsemoljsin are sometimes present. 

CL hutolyttevm nsnally produces a weakly tome fijaate that contams an active 
proteolytic eniyme Toxigenic strains of CL bi/ermcn/ana have been described 
nnder the name of Cl rorJrifii the filtrates are moderately toxic. AH lie tarms 
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of tlie«e fire organisms a$:;omted witL gaa gangrene give nse to specific antitoxins 
on injection into suitable animals. 

Cl chauKn under snitable conditions fbnns a weak toxm that is very heat- 
labJe, being destroyed m 5 nmmtes by exposnre to a temperature of 52“ C Injected 
intravenoualy into mice in a dcee of 0-02O-0-5 ml , it causes respiratory embarrass 
ment and death within a few minutes It is also toxic to guinea pigs, though not 
rabbits, on mtravenous inoculation. Sobcutaneocs mocuUtion into mice and 
gumea pigs is not fiital, but produces a local blood'Stamed cedema (Kemn 1934) 

It is intere«tmg to note that all the difierent groups of Cl tetani give nse to 
identical toxins , the antitoxin prepared against any one type will neutralize the 
toxins of all types TVith Cl hotulmum it is otherwise Type A toxin is difieient 
from Type B tonn. By agglutination Type A strains can be divided into 4, and 
Type B into 3 groups (Starm and DacL 1923), but the divisions do not appear to 
be clear-cut Three farther types have been described, C, D, and E, which appear 
to differ m the type of toxm produced 

Pathogeniaty — ^The pathogeniatv of the anaerobes appears to depend almost 
entirely on their toxm p^uction. Cl tetan%, for example, multiplies locally, and 
does not mvade the body Cl bolulmum is not even a parasite , it is apparently 
unable to grow m the tissues, and its pathogenic effects are detennin^ by the 
formation of toxin m food-substances prior to their ingestion. Cl, eedcmattcnj 
remains almost confined to the site of inoculation Cl inlfhn and Cl teplicum 
become generalized in the final stages of an infection, but tb*v multiply only 
locally before the death of the animal Tetanns botulism, and to a large extent 
gas gangrene are intoxieatious 

Pathi^emeity of CL botnlmum for Labotatoty Aiumals 

SfovxzTS. — ^Van Ermengem (1S9T) fed a J/aectm with 5 ml of a prepantton 
of macerated ham whi<'h wia known to he tone. Symptoms developed in 12 hoars, and 
consisted of restlessness, crying coaghmg and sneeziag later there wns a secretioQ of 
nscid BBCos IS the zuxs And mootb, leading to transient saffocatioQ the popilf were 
dilated, reacting weakly to light The atumal became motionless, ita head drooped, its 
eyes were fixed and half covered by the (ids. Death oceoired after 2i bom from the time 
of feeding At necropsy the stomach, the bases of the lanes, and th** meninges were von 
gested. and petechial hsmorrhagee were noticed on the arachnoid and throoghout the brain 
and medoUL 

Cats —The typical toxsoua may be repnidoced la cata by feeding bat more certainly 
by snbcutaneooa injection of caltores or of toxin. After a latent period of about 24 hoars 
the animal beoomes epuet loses ita interest in external objecta. and may refuse food. In 
2 or 3 davs the characteristic paralyses appear, giving a pecohar (acies to the animal. Its 
general aspect is etnpid, the l»ds remain open the eyes fixed u a glassv stare the pupils 
dilated arvt sluggish m their reacticm to hght. The anima l nU u» a dark comer moves 
little, and when daturbed takes a few ancocedinated steps across the cag“ and drops down 
as if exhaosted. Its bead droops and its tongue protrudes. Thick, viscous secretion fills 
the throat and ncae, antt cansea sei e re paroxysmal attacks of inSocation rebeved by a 
hoarse croop-hke cough. The mew takes on a dull tone and is succeeded by complete 
aphonia. For tie first 2 or 3 days mill ts accepted but later owing to the dysphajas 
of complete aphatna it is left untouched , when delivered bv a pipette into ibe mouti 
It IS not swallowed, but tnek^ down the tracbca and causes ebokmg No unne or f»<w 
ate TOtd<*d- Tlw »miT<al remains susceptible to aensory impre^ions till the end but a 
nnabfe to express its emobons m any vray Death occurs after a week or more, acccei-: 
to the dose, and u appamitly due as much to starratwn as to the Hhal effect c^.m 
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tons. OdaswasHy life BUT be prolonged lor 3 4 »eek», and rrcorwr uar eTrataiDp 
tale p.^ce. At necinpsT no kxi kaoa » t» TJs at Use ei^ of Esjectwo tf» nn'r« 
of tbe >TTL«H and laj^* intestine u hjpenemic. Tbs iadnsva are coost<ed and the btw 
may sboT areas of degeo'ratic'n. CV«r imae duteada tie b-adder In tie lanj, e-fidi 
are very congested, tiere may be infawta ot areas of b<^h2atwn. '^ni*tiai»a mdena 
or hggiQn iagea of the centra] nerroos s_)i *e ni may be otesrred. eapet^Dr rwmd lb- 
fotmh TOjtncJ* Qillnres of the omns are ersaUy sterile 

Dcnis are tc'T mnch less sosceptible thin cats, bat they maT snceosib to tbe 
sfter suboitanewa injeetioa of t^mn , or OOTawnallT after feeding anti Urge dose* '!»» 
and gmaea pigs are bi^blr saseepjUe and sarennib m 1-1 dirs. 

Fflthogeniaty o! CL leUm lor Laboratorr 

Te*aiiii3 can be rtprodnc*^ by tiie inocn!a*ioa of jmre cnltmes or of tbs toxin 
into Euce rats, guinea pjg« nbbi^ goats. hor«c3 and monl-rra. Cats and dc^ 
are more re^irtant birds and cold bloods animals are li.2Uy resistant. Tt» 
most susceptible animal, calculated on tie amonnt of toxin per gram of body 
sre ght necessarv to jrore fa^al on injec* on, is the io*^ Tits is abo"* 12 tnnes 
as susceptible as the mons^ tie goinea p g is 6 tunes, and tie montev 4 tun's, 
as snsceptible as the raonse (ron LmgeUieim 191“* Siernsgton 1 ^ 17 ) On tlie 
other band, the taibit u ttri« the dog 50 taa*^ thecatSfO and the ien 30 000 
tunes as refutant as the nonse (Kitasafo I£9! ron liageLieita ISP) 

Uicz. — After tie retcatjame lo^'eOOQcfa csuH qnaotitrof toxsj orofpxre eoltore 
into tie moore near tie root of the tall, symptoaudmlop in abo0 l*to*4i0ara 7b* 
fpaasu ttart near tb* arte of io}«cQ«i, and spread to tie test of t2»* lodr till tie ammal 
dies m a state of general tonic costnctioa. He firet irmptoa noticed ts a sti5*niss 
of tie tail, vhich becozoes erect and u turned tovards tie rde of lOocnliOon the hinder 
extmojtr of tia tide becomes tU? foQowd bter br ngiditr of tie oppoc»e Isg Tie 
eontracOons pass to tie muscles of tnmk. and tie docse derelops hypl^eis or pirsro- 
ibotoooa. Next, lie fore legs become inT<dTed. aad gas Dr tnsnos and opstiotcsca re 
m. Tie contiactsons occnr fposmodKaDr and are nicf fe d-d bv mterrals of rest dsnag 
aitcb tie animal bea exLaosted in this phase tber can be resdilT exated br tie iLcitest 
loach or a breath of atr Death foUovs m about “4 boars. Pas znortea there u Ittle 
to be seen. Tbere may be alight coore'tioa and redema reond tie r e of inogglatioa. aad 
tie spleen mar be ecmiea-iat ettUrped. An exudate of fimd, soznetuaes bk^od^stamed, 
may be seen m tb<* pleara or pentonenm. After lajertwa of a pare ezdtzncv tie bociEi 
can gezierallT be nzItiTated &i7tn tie local ate, bat are diScolt to find csdre tie 
The heart s blood and n?cera are steal* 

Gmmi ncs. — The expensrental d»aa* m gnioca pigs Colors ctnei tie same cosise 
in about tie same tune as la mice 

Rabbits. — After snbcatancota or cjtremascalxr m^ectioa the laealatioa i»?nod in 
rabb ts IS at kaat 24 aodpeamllv 3d hcam death dree not orreir fc7 3 re 4 dsyct. Tie 
general tetanic spasms are more maried than m mice or gissea.{» (Roresbaci 

Pathireenieity ol CL welchll for Laboratoir AnlsaU. 

Intramnscolar injection of aboot O^^oL of an IS-bmrs glareae broth cnirnre in,o the 
thi^h of a gnmea-pe’ csnallr resolta m pas gangresie mth dcsidi m l‘’-43 boars. Poet 
mortem there is a laree braauv oep tanl s^^liisg at tie tite of mocoUtsrm «trer-d 
with a dari red, tense brer of skin. Tb“ muset ts pale aad is undeipoing bqoebe*ire 
rwef ot T S. la tie sabentaneoos tissoe aroond tie local lesioa and spreacL&g np to ti* 
abdomen, reaelimg soaetanes to tbe sternmn aad orer to the cii^>06j.e tlii_!i. is a ce^lectioa 
of fei_itty blood «tained flmd aad gas sarellic,, of hrdre^n snlpiid* Tie tnptarenal 
glands are oftea coag“*ted, so that »baTv wmaI.y «>;«»pdiF<.Ti^ tn ,ion of cortex from oedaCa 
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beeomea obscured JGcroscopicaUy the orgaoisiiu are present in lai^e numbers in tha 
local effua on and m much srnaller numbers in Ae blood stream Sponng forms are absent 
An eren more typical pict ire of gas gangrene can bo obtained by the injection of Cl »oeZcAn 
tnfratnasculariy into p gcons (Bull and l^tdiett Slice are Jess suacept ble than 

guinea pigs 

Pathogenicity of Cl septlcum for Laboratory Aofmals 

Intramuscular injection of about 0 1 ml of a 36 hours glucose broth culture into a 
gu nea p g causes death m 12 to 21 hoars Post mortem there is a blood stained gaseous 
cedema at the s tc of inoculation spreading np over the abdommal wall with collections 
of gas in tl 0 groins and aziUx The tiugh and abdominal muscles are soft and deep 
red in colour In the per cardial and peritoneal cayities there may be some fluid the 
Buprarenals are coi gested hut not ao markedly as in animals infected with Cl t •eh'h t 
^Iicroscopically the exudate shows large numbers of motila rods and usually the eharactens 
tic naricular or citron forms 3foat characterutic are the long curvvd filaments foond on 
the peritoneal surface of the liver A similar picture can bo reproduced by the mooulat on 
of mice 

Patbog«Bleity of Cl mdematleiu for Laboratory Animals 

Intramuscular injection of about I ml of a 24 houre glucose broth culture into a 
gumea pig or mouse produces death in 1 to 2 days Post mortem the muscles at the s te 
of moeulat on are very congested p irplisli red ui coIouTj and infiltrated w tb small bubbles 
of£a« There IS a spreading gelatmous oedema sometimes sLgbtly blood tinged extending 
over the thigh The abdominal muscles are unaltered Microscopically bacilli are found 
m small numbers in the cedema fluid and on the peritoneal surface of the liver cultures 
from the heart a blood may or may not bo positive 

It wiU be seen that the action of these last three organisms vanes in certain 
particulars Cl vekhn gives rise to a large amount of gas Cl csdematiena to very 
little The cedema fluid of Cl aJemahens infections is practically clear of Cl 
velchu infections slightly blood tinged and of Cl septieum infections strongly 
blood tinged With Cl tcelckii the muscles are pale pink with Cl cedematiens 
purplish red and with Cl aepltemn jntenselp and deeply led Hmiian cases of ^as 
gangrene diflei too in certain respects as a rule either oedema or more rarely 
gas production is dominant occasionally both are apparent The particular 
form m any individual case is determined by the nature of the organisms present 

CLASSinCATION 

Although it la clear that the time la not yet npe for any rigid classifica 
tion of the anaerobic bacilli we can recognize certain well-differentiated types 
which should clearly be accorded specific rank Table 66 presents a rough 
classification of the organisms chiefly associated with gas gangrene and sinular 
infections in man which were considered by the Anaerobic Committee of tbo 
Medical Eesearch Council (Report 1919) to be separate species We may note 
however that the characters diS’erentiatmg Cl farasporogenes from Cl sporogenes 
are hardly of suffiaent importance to entitle it to classification as a separate species 
it may prove on further investigation to be merely a variant of the latter organism 
Moreover the identity of Cl butyncum wiUi the organism origmally described by 
Pasteur seems to bo very doubtful it is unfortunate that this organism has been 
selected as the type species In many respects it resembles CJ /ttJ&ir and Cl tnttllt- 
fermentans A few organisms have since been studied in sufficient detail to provide 
an adequate description of their biological characters and to differentiate them 
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c!i“atlj and unmistakably from other forms which ha> e been described and named. 
Some of the«e we have mclnded in Table 57 and othem are described at the end 
of the chapter XerertheleiS, a large number of named forms remain, who^ 
place ID the C?<«Indi«/m group la still a matter of conjecture, as reference to the 
monograph of Heinberg, Isahvelle and Freiot {1937) wjH show Prerot (193®) 
rejects the g^nns Closfnitum as incapable of covering all the anaerobic spore 
bearmg badlh, and proposes to create font families and tun'* genera, of which 
Clostridium IS one , this classification in onr opinion places too much weisht on 
morphological distinctions. The recognition of varution of the S — v B type and 
detailed serological atndies are helping to resolve some taxonomic difficulties, bnt 
it IS clear that a large number of clostndia so far studied are achgemcally hetero- 
geneons, and that the variety of antigens, H, thermostable 0, labile 0, etc., u 
probably as great as that displayed by the salmonellax 


TAKLF. 56 

GiTzso a (^.issmcinov or tex Cloitndto. 


Sotb mtceirtu tbS 
SA«t«nl7tie mpcnlo. 

SMCiuoljtle 
wSuxbuv beteormao- 

Preuolrtlc 

Fwdan'ifLttu^ 

S4eelt<niTtlA 

TRdocluUfiS 

Equitonalor Cl tponjntM 
Subt#nnia«l CL 

;eit«4 

CL kulolytteom 
CL asv/iSWun 
CL biftmtu 

ClbUtUnun 

CtweklM 

CLttfitetm 

CL ekssm 
CL«d0<iaA<M 

— CL/aSax ' — 

CL tttyncnm I 

CL Miilk/w 1 

motion ^ 

1 

Oral and Ter — 

- 

— CL (vTtan j CL coci&ar 

j tea 

Spbetmicnd — 

^ Tmmnal 


CL (dam CL tetanemor { — 

pLam 

CL apLatotdet j 


(For clusi£csUon eee ud Brgcm 1918, Report 1919, BeDer 1931, ud TT«n 19^] 


The gtonping of the species within the genus Clostndiun presents even greater 
diffienlties Whether the primary dinsioa shonld be made on morphological 
grounds — mainly on the shape and position of the spore — or on physiological 
gronnds — mainly on the relative activity of proteolytic and accharolvtic fermenta 
tion — most at the moment remain amatfer of choice. We give in Table 57 (pp. 874, 
875) the more important characters of the recognized spooes. We aho append 
a summarized descnption of each of a number of recognized «peae3. It «honId 
be noted that we have omitted to dxscns dostndia like Cl axiabutjheum (®*e 
Chapters 3 and 6), which are of interest to the biochemist, and have made onlv 
a bnef reference to the clostndja associated with the spoilage of canned foods. 
Of particular interest is Cl themosaoAarolijtmtm (ilcQung 1935), which u an 
apparently non pathogenic thermophilic oiganism having an optimum temperature 
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of growth between 50® and 60® C , associated with the type of spoilage of non 
acid canned foods known in the United States as ” hard swell ” (see also Paine 
1931, McCoy 1937) In addition to the common proteolytic clostridia of the 
Cl sjioTogenes type associated with food spoilage, we may note an organism resem* 
lling Cl welchxx (McClung and Wheaton 1936), and an organism resembling Cl 
ademaliens which Haines and Pcott (1910) fonnd associated with “ bone taint ” 
of cattle carcases (For practical leys to the separation of the clostridia see 
Spray 193G, Kced and Orr 1911) 


> 


botyricum 

Sijnonijmx — Cloa past€urianum,B om^UAatUr.QrantilobaetersaeeJiaTohxil^teum Pasteurs 
Fiinott bvtynqve 

Isolation ■ — Apparently first descnbctl by PratiDowski (see Report 1910) Possibly idcn 
tical with Pasteur’s FiSnon bulynqut, described fully by Winogradsby in 1903 

Babitai — Soil 

iloTjiholoQy —Rods, 3-4 /< X 0 7 ^ , parallel sides, flattened ends, axis straight or slightly 
curved , arranged singly or in pairs end to end , considerable variation m 
length. Jfotila by pentn- 

chata flagella Spores oval, * ^ ^ 

aubterroinal, measuring 10^ 

X 1 3^1 : rod becomes epiniUe- ^ ^ 

shaped Germination polar 
Capsule formed on agar Cells 
store glycogen: stain jetlow 
with iodine Gram positive. 

Agar PlaU,—2 days, 30® C Circular 
colozuea, 0 0 mm in dia< 

meter, low convex, amorphous, 
family translucent or opai^ue, _ 

greyish white, with smooth 
ghataeung surface sad eatirs *’ 

edge , butyrous consistency and y 

easily emulsiflable After 6 
days the colonies are sbghtly 
larger 

Agar Strokt—i days ol 30“ G Very 
poor growth of discrete, irregn- 
lar colonies, slightly raised, and 
water clear On 0 5 per cent 
mannitol agar there is a moder 
ate, raised, greyish white, opaque growth, consisting chiefly of discrete colonics 
with a moist, gbstemng, smooth surface 
Stab — No growth 

Oliicose 5hoit« — 2(faysal30“G Goodgrowth, the medium is disrupted by large 

hubbies of gas, and blown up the tube Colonics are yellowish grey, opaque, 
biconvex with clear cut edges, and about 1 mm in diameter 

Broth — 2 days at 30® C Poor to modMato growth, with shght turbidity, and slight, 
very finely granular deposit , after 6 days, moderate turbidity, and moderate 
powdery deposit, dismtegrating completdy on shaking 

Loeffler s Blood Serum —2 days at 30® 0 Moderate, raised, confluent, colourless growth 
with irregularly contoured surface. No digestion 

Cooked Meal Medium . — 5 days, 37® G, Marked turiudity, no digestion. 


' ^ * 

1 \ 


Fm 192 — Clostridium buiyncum 
surface agar culture, anaerobically, 5 days, 
37® C (X 1000) 
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C 
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A or s wid , B or b = b!&ckcning , C w c cJot , D or d = dige^tma » O or g — • 

ppt » precipitato , R « round (ipbencal) • S — sabtmoisA] (of eqaatoml) , H* =2 trnnmal 
BrackeU uuLcste that the actintr u not a charactmstic of all memtwrs of the epetica- 
Bare rarely obserred tmcroscoptcallj m enitores. 

SH 



67 


1 

1 

1 

{ 

i 

C 

FxoUxIb 

seulcKrto 
Guinea |<{c< 

Uemaikt 


AG 

AG 

AG 

(AG) 


_ 

Possesses n capsule 



“ 

(AG) 

(AC.J 

“ 

- 

\ anillin violet test -f 


- 

- 

- 

- 

+ 

( + ) 

Fccblo aerobic growili 

- 

AG 

- 

(AG) 

- 

- 

- 


- 


" 

(AG) 

AO 

( + ) 

(+) 

Onlv toxt){cme stniins are patho 
Kcnic indole + 

- 

(AO) 


(AG) 

(AG) 

+ + + + 

+ 

S tj-pe# A B C D an 1 F each 
with a different toxin Some 
strains not proteolytic 


“ 

“ 


(AG) 

+ + + 

+ 

(AG) 

AO 

AG 

KG 

- 

+ 

- 

rathogeme onJy when freshly | 

— 

AG 

AG 

AG 

AG 

— 



- 

AG 

KG 

- 

- 

+ + 

+ 


- 

AO 

- 

AO 

- 

+ + 

+ 


- 

AG 

AG 

(AO) 

(AG) 

+ + 

( + ) 

I’oawsses a capsule Non motile 
>ni<r types each with a differ 
int rombinntion of toxins 

AO 

- 

_ 

AG 

“ 

+ 

+ 


- 

AG 

AO 

AO 

- 

+ 


Vtvblo aerobic grou tli 

- 

- 

- 

- 

AG 

+ + 

+ 


_ 


_ 




_ 


AG 

AG 

AG 

AG 




Grows aerobically 

“ 

— 

~ 

“ 





- 

- 

- 

- 




Indole (+) 

_ 

AG 

AO 

AG 


_ 



- 


“ 

- 

“ 

+ + + + 

(+) 

Indole + 1 

- 


- 

- 

- 

- 



_ 

_ 


_ 

_ 

_ 



AG 

AG 

~ 

AG 

“ 

“ 


Indole (+) 


0 (under spores ) » otsI O or o (under CooVed Meat tledium ) — foul odour 
2 tla Into deposit of white cry stala Small letter symbol^ indicate a tlighter de^p^e of change 
Under exotoxin +, 4-+ + + + + + + + uulicate the relitive potency of tosuc filtrates 
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Potato — 14 day$ at 30° C definite growth visible on the potato itself but there is 
a considerable evolution of gas ftom the liquid id which the potato is soaked the 
hqaid is turbid. 

Jle/aholic — Obbgate anaerobe. Opt temp 30^0*0 Pigment none. J\utnlional 
grows best in sugar solutions Growth on agar improved by 1 percent mannitol 
Non proteolytic 

BiocAeniira/ — Forms acid and gas in dextrose bevulose maltose galactose lactose 
sucrose mtilin dextrin and starch Femicotation of mannitol variously reported 
Indole — , Sm + VP — nitrates reduced tLB redact on— catalase — 
Nir, sLgbt + L M acid and clot Oin fix atmospbcno nitrogen m presence of 
a fermentable sugar the su^ »s htokca down with the fonnatioa of butync 
and acetic acids COj and Can utilizo NHj peptone and asparagm os its 

source of nitrogen 

Pallogenietly — N L 


Clostndiom sporogenes 


Isolal on — Described by Alctchiukoff i 


I90S 


Habilil — Found In so 1 and i 


fiEces of man and animals 

MorjAoloyj — Rod shaped 3-6 p X 0 5 
p paral/et sides roundeil ends 
am straight or s! gUtly cursed 
arranged singly m pairs and 
amaU groupa long filaments 
occasionally formed Spores 


'• 1 * -\ 





Fio 193 — C/a>rn<f>sm tjiorogtna 
From a surface agar cultore anaerob esUy 
day* 37° C (X lOOOJ 




Fio 191 — Clnetnd nm tporogentt 
^lurface colony on agar anaerob 
coUy 4 days 37° C (X 8) 


freely spores are oval subterminsl sod wider than bactllns free spores numer 
ouB Ulotile No capsule Strongly Gram pos t ve except in old cultures. 
Agar PlaU —A days al C Irregolarlyfoundcolomes groumg fromacentralfocus like 
B myeodes 2-6 mio. vn diameter effu®e or sightly umbonate and tbizod, 
surface covered by arborescent ndgea, edgo rhizoid rather duD greyish yellow 
by reflected bluish grey by transnutted light butyrous and easily emulsifiable 
differentiated into brownish opaqne centre and bluish translucent periphery 
Deep Glucose Agar — 4 days al 37® 0 Abundant gas formation, medium driven 
to plug and disrupted. Coloniea thnughoot medium rounded, 0 5-2 mm in 
diameter with opaque brown centre and a woolly translucent periphery 
fforse Blood Agar — 3 days at 37* C Ciffoiiies 3 mm in diameter consisting of tangled 
rhizo ds growing ^m a raised ghstening centre Ofi mm in diameter on moist 
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mitlw smooth lohatc oulgrontha may arise from a rhizoidnl contre Occasionally 
round ticw t?roi> colomea are fonncd Hasmelj-vis for 2-4 nnu around colony 

Ag<tr Sloj'C — I days at 37“ C ifodcrate, confluent, effuse, ghstemng groyiah yellow, 
translucent growth, with beaten copper surface and cigarctte-in water edge. 

Odalia —2 days at 37“ C IjqacRod. 

Broth — I days at 37*C Goodgrowth with moderate turbidity, and moderate powdery or 
irregularly granular sediment, not disintegrating completely , strong putrid odour 

Lather's 5erum— 15 days at 37* C Scrum digested and rendered turbid, medium 
darb blue 

Cooyu/atrd fyy— 15 days fli 37"C Poor, effuse growth , alight digestion In alkahne 
egg broth the white coagulum is digested. 

Cooted iltal J/edium. — 15 days ot 37“C? Heavy growth with dense turbidity, gas 
production, meat digested and blaekcDcd, putnd odour 

Puistanee — ithatands moist heat at 100“ C. for 10 to 150 minutes, at 105° C for 4 to 
45 minutes, and at I!0“C. for 1 to 13 minutes. 

J/etahofia—Anacrobie. but not strictly so Opt temp 37“ C Haimolysis on horse blood 
agar plates. Iteemolyses human but not sheep’s red cells. NtUrtltonal grows 
well on ordinary media, and in media containing very httls nutrient mstenali 
such as tap water contaming fragments of coagulated egg whits Cortam amino 
acids, such as tryptophan, leucme, phcnylalanme, tyrosine, and arginme, as well 
as the tjvroprnit Titamin, are essentioL Growth not improved by glucose Green 
fluorescent colonies on IfscConk^ plats 

ifioeAemieaf •—Acid and gas m glucose and maltose. Ko action on roaruutol, lactose, or 
sucrose Some strains firmentaabem Indoie — , vamlhn violet + (Spray 1030) , 
MH — , V' V — , nltntes not produced in nilnito broth, NITi ^ , H^S + + + > 
MB reduction >- , cataUscwcaL + Litrousmilk casern precipitated and almost 
completely digested in 16 daj-s , reduction and marled alkaline reaction , acid in 
j'oung cultures 

Antigenic ftrveturr »Can be dmded by ogglutinalion into at least two groups 

Palhoyntetly — >ot naturally pathogenic Espenmentally is non pathogenic to Ubora 
torysrumah hut enhances tbs pathogemerty of other snaerobes, such as Cf teefc^iii 
in mixed cnlturcs. Ko exotosin formed but a broth filtrate la toxic to guinea 
pigs m a doso of I mb , this is due apparently to a volatile aubstonoe possibly 
an ammouium base Forms a fibnnolysm 
(See von Hibler 190S, Moil and Hams 1917, Wanberg and S6guin 1918 Report 1910, 

Hall 1922, de Sniidt 1021, Weinberg and Ginsbourg 1927, Knight and Fildes 1933, Fildes 
and Iticlardfon 1(35, bticllund 1934 1035, Fappuhcimcr 1035, Spray 1936) 


Clostrldiom histolybcom 

/sofation — Doeenbed by Weinberg and S^guui m 1016 (1916, 1018) 

/f<jdiin(So\i , possibly intcstinaf canal of mao and annuals 

Slorphology — Rod-ehaped 3-5 /t X 0 6-0 S /i, parallel sides, rounded ends axis gener 
ally straight , occur singly and as diplobacilli In cultures more than a day old 
irregular forms appear — long curved fibments, and irregularly stained forms 
Spores are readily formed in oU media, they are oval, subtermmal, and wider 
than tho bacillus , become free in old cultures Motile by about 20 pentnehate 
flagella. Gram positive in young cultures No capsule 
Agar Platt — idaya et 37“C Variable Colomesm&y be dehcate and flat with crenated 
edges, or may bo cuitle-flsh Lkei umbonate amoipbous and glistening, with 
very finely granular surface and » fimbnate edge , greyish white by reflected 
bght, blmah grey by transmitted bght , differentiated into opaque yellowish 
centre and greyish translucent penpheiy , butyrous and easily emulsifiable 
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Detf Glucose Jjar Shalt — I days aJ 37® C No gas. AburuJant growth tbroygh 
out medium Colonies are 1 mm m diameter irregularly round opaque brown 
\Tith blunt coral like protections with Twry fine woolly ends. 

Horse Blood Agar Plate . — 1 days at Insularly round colonies slightly raised, 

2-3 mm in diameter with irregularly lobate edge, and smooth or pitted surface. 
No h»moly8i« 

Agar Slope . — 1 da js at 37° G Moderate parti) cooiluent effuse, gliatemog translucent, 
greyish yellow growth with beaten-copper surface and debcate fimbnate edge. 

QelaUn — liquefied in 3 days at ^7®C, 

Broth — 4 days ot 37° C Moderate growth with moderate turbidity and a gronnlo- 
powdery deposit partly disint^rating slight fretii! odour 

Loe/fler e Serum. — 15dajsat37° C Almosbcompletely digested , the fluid is almostclear 

Coagulated Egg — 15 days at 37*C Partly digested butt turned bluish green. 

Cooked Ifeat 2Iedium . — IS days al 37°C Abundant growth meat digested and sLghtly 
blackened , long column of slightly turbid fluid , gas produced , a deposit of 
wlute tyrosine crystals occurs increasing with age SLgbtly ftstid odour 
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Pio — ^{astndism kistolyfi- 

Fio I9o — ejostndium hutolytteum cam 

From a surface culture on agar anaerobicafly Surface cotoay on agar aoaerobi 

6 days 37‘ C (X JOOO) cally, 2 days 37° C (X 8) 

Pesislance . — Killed in 6 minutes at 105° C. (moist heat) 

Sletobolism. — 3ficroaeroplulic Opt temp 37* C. \o haimolysts on horse blood agar 
plates. Hsmolysea human tnit not sheeps red cells. Nutritionof grows well 
in ordinaiy media , growth not unproved by glucose Green fluorescent colonies 
on yiacConkey plate Tonus a fibrtnolysm 

fioc^micak — Somestrainsproduceaad,bnt nogos in glucose and occasionallyin maltose 
Ao fermentation of niaimitol, lactose sucrose or sabem , sometimes no aad pro- 
duced at aU Indole — , MR— \P— nitrates not reduced , NHj — , 
^LB reduction — , calahse -}- weak Litmus milk casein pre- 
cipitated and digested reduction after 8 to 10 days it i3 transformed into a 
clear amber coloured fluid 

Ant gente Structure — \gglutinating sera seem to act chiefly on homologous strains Anti 
toxin can be prepared by injcctjon of toxin into horses. 

Pathogenmty — Exotonn is said to be formed id very young cultures. Natural patho- 
gemeity doubtful , appears often in gangrenoua processes m man. Expenmentallv 
strains vary in pathogemcity, susceptiUe ammals are guinea pig rabbit and 
mouse. Bacillus 13 actively proteolytaB and digratsbvmg tissue. 1 mk of a young 
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broth cnlture injected intramnsenJul; into a gnjnea pg causes digestion of etin 
andmoscles and a hiBrnorrhagio liqae&etiOQ of the softer parts of the limb This 
digestion may spread over the abdomra and death occur during the next 12 to 
2t hours or recovery may follow with more or less complete necrosis of the limb 
The duid contains no gas and is sot putnd 
{See Weinberg and S^gmo 1918 E^iort 1919 Hall 1922 Torrey 1925 Weinberg tl 
al 19^6) 


Clostrtdiam botitlmom 


Isolahon — By van Ermengetn from ham m 1896 (1896 1897) Several other organism 
have smce been isolated from botnlism like diseases m animals These are some 
times referred to as Cl jiaralol iltnttm but it is probably better to giro them letters 
using A and B to refer to the two mam toxi^MUe types lype was isolated by 
Bengtson (1922o b 1923] and by Graham and Boughton (19‘’3a b) in the TJmted 
States from chickens and ducks T^rpe by Seddon (1922) m Australia from 
cattle , Tyi>e D by Theiler and his colleagues (1926) m South Africa from cattle 
and 'f^pa E by Theiler (1928) in South Africa from horses The relation between 
Types C I) and £ is not yet entirely clear but Types C and £ are said to be 
identical Following description refers chiefly to Types A and B 

ffadiirt — Widely distributed in sod both virgin and cultivated ^ot infrequently present 
in intestinal tract of domestic animals. 

2Iorpbo!agy^~4’dai/ agar elope at 37* C Bather large stout rods 4 G /i X 0 9 /i axis 
straight parallel sides and sbghtly rounded ends arranged singly or sometimes 
in pairs or chains Variations in depth of staining Spores are oval wider than 
tie bacillus thick walled andsituatedat or near the end Free spores are numer 
ous ^ome strains spore readily others hardly at alL Spores formed beat in 
eugit*frce media Sluggishly motile by 4 8 pentrjcbate flagella ^o capsule 
Oram pos tive in young cultures. 









Fio 197 — Clfuindium tolulinom 


Agar Plate — f clays al 37* Irregu 
larly round 5 10 mm in diam 
eter glistening translucent efluse 
fitamentous colonies with an 
af(eraafe(y smooth and granular 
surface (due to cross ng of fila- 



f rom a surface agar culture anaerobically 
2da3-9 37" C (X 1000] 


Surface colony on agar aaaerob 
tally 2 days 37° C ( x 8) 


menta) and an mdefimte fimbnate reticular edge Greyish yellow by reflected 
bluish grey by transmitted light Butyiwis consistency easily emulaifiable. 
Differentiated into thicker browner centre and thinner more translucent pen 
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pberv ^ njlc colonics often difficult to ol4aiD owirg to ten l»ney to spread- 
Vanant types have teen described <» blood ajrar (Schoeoholz I'JiS) 

Dtep CJufcwe -lyar 4 do ja at3i*C Abnndint gas formation, medium d-s- 

nipted and dnren up to {lu^ Culooies throughcHit medium, varying in size, 
large colonies are 1 2 mni. in diameter, baring an opaque, brown, spherical or 
biconvex centre and a large clear more translucent cigarette-in-water edre 
Another tvpc conai<ts of a thin translooent <Ii<c with an eccentric opaque nuclcas, 
the edge of the disc being indent'd at the point nearest the nucleus , th* disc 
may contain gas bubbles. T^pes D and E form woolly colonies without a 
central nuclcus- 

Ayar 'Hope . — 1 days at 37* C Moderate confloeot effuse greTish-yellow Iranslaeent 
growth with a very finely granular surface, and an irregular villoia edge 
Oelalin — 7 day I at 3"^ C Completely Lquefied 

firtrfK — i days oi 37* C Abundant growth With dense turbidity and a moderate, pow 
deiy and granular deposit mostly (Lsintegiatisg Banadodosr lypesC^PandE 
cause Lttle turbidity, but firm a fia^ deposit, stickm^ to tl^ aides of the tubs. 
Loefjler t Servn. — 15 day) at 37* C Moderate growth of small, discrete eolomes , diges- 
tion by A and B, but not by C and D types. 

Bone Blood Jyar Plata — 3 days at 37* C Irregularly round, 2--3 mm. m diameter 
umbonate colonie* with smooth cen're and curled or fimbnate penpheiy , zone 
of bremolysis, sometimes co-ertenstve with the eolonv.soaetiffies larger around 
the colonv blood u clear transparent and brown. 

Coajvlattd Ep 7 — 21 day) at 37* C Verv poor growth. Butt turned bliush-gteen, and 
egg Partly digested by A and B but not by C and I) types. 

Coobed Meat Medium. — l5dayia{3''*C Abundant grewth , gasproduced, laegeoluan 
of shghtly turbid fluid with digested meat baeath , bUehemog. Pstnd odour 
Ao digestion by C, D or E types. 

Rein/ance . — Spores are destroved by dry beat at ISO*G. in 5 to IS nuROtea. Must beat 
at 100* C. destroys them m 5 hours, at 10a* C m 100 rainute*, and at ]'*0*G. u 
5 minutes (but see p. 1616). Gelatia caltmee remain viable for a year or more 
ilftabUtt . — Strict anaerobe. Opt temp, 3o*(i Grows well at 20* C. o-primo h»ao- 
lr*u on hor^ Uood agar plates, fiiemdlvsis ol human, but not o! sheep s red 
cells. Types -t and B are generally proteolytic, digesting geUtin, serum, egg 
and meat Types G and D diges* gelatin oi^ A atr\f>emal grows fasfy well 
on ordmarr media, growth not unproved by glaco>e, tryptophan and the 
fporoyne) factor are both required. Green ffooreseent coleoies on MacCbhkey 
plates. Powerful exotoxio produced, specific to each type. 

Piccliefnicaf — TVpe A gives aad and gas ui glucose maltose and sahcin , Tvpes B and 
C do not ferment sahcin. Tvpes A and B 'erment glycerol . Type C does noL 
Indole — , ILIb — , VP — , mtiate reduction — , -t- , HiS -{— t- , methy 

l«ie blue reduction — , catalase — latmna miDt fine precipitate of casein 
with almost complete digestion m a fortnight , htmos reduced, reaction alhaline 
-tnfij^ie ^tmclare. — Two mam types A and B distinguished by their toxin production. 
Antitoxm to A docs not neutralize tmm of B norneermo By a^Iutination and 
complem^t fixatKin the two types can also be distingiushed, and are found to 
contain 3 of 4 sub-types each. Three other tvpes, C; J> and E, have been desenbed 
forming separate specific toxins. 

PalhoyeTHdty — ^Tvpes A, B and E cause botuEsm in man. Type «s»i«3 hmberneefc m 
chickens and ducks , causes one ^pe of forage poisoning in horses m Australia 
andVJS A CaLotauseabotuk-muieqini** in South Africa, D caiBesUnmekte 
in cattle m South Africa. (For fullre descnptton see Chapter 72.) The esgaasm 
itself IS a eapeophyte and does not molti^vm die body , it acta entirely by its toxin. 
Injected subcotaneonaly a broth cnltnre «rf Type A or B is fatal to guinea 
mice, rabbits, cats, monk^a. and often cluckeos m 1 to 4 days , symptoms are 
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muscular paralysis, dilatation of the papib, shallow breathing, wtenso ealiTation, 
prostration and death The tasin u the most powerful known, and may kill a 
mouse la a dose of 0 OOOOl rah 

(Seo Kempner 1897, v Hibler 1903, Lcoebs 1910, Dickson 1918, Weinberg and 
Seguin 1918, Burke 1919a, b, Graham and Bmeckner 1919, Report 1919, Sluppen 
IDlb.Edroonsonrtfli 1920, Orr 1920. 1922, Bragtson 1921, 1922fl, b, 1923, 1924o, Nenn 
1921, Weiss 1921, Coleman 1922, 1923, Coleman and Meyer 1922, Dubovsky and Jleyer 
1922a, 6, Esty and Meyer 1922, Hall 1923, M^er and Dubovsky 1922a, b, e, Schoenholz 
and Meyer 1922, 1924, Seddon 1922, Thimer and Back 19^, Graham and Boughton 
1923a, b, Han and Davis 1923, Stann and Dack 1923, 1924, 1925, Dozier 1924, 
Easton and Meyer 1924, Pfenmngar 1924, Stann 1924, Wagner 1924, 4Vhee!er and 
Humphreys 1924, Dickson el al 1925, Tanner and Twohey 1926, Theiler et at 1926, 
Weinberg and Oinsbourg 1937, Tbeiler 1938, Schoenbolj 192S, Stark, Shennan and Stark 
1923, Robinson 1929, Graham and Thorp 1929, Lommel and Gunmson 1929, Kernn 1930, 
Gunnison and Meyer 1930, Sommer and Sommer 1932. Gniuiison and Coleman 1932, Fildes 
1935, Gunnison, Cummings and Meyer 1936-37, Hazen 1937, 1942) 

Clostridioia oedemabens 

IfoloUm — Deecnbed by Wemberg and Seguin in 1915 

Sifnanymi — Probably identical with Movy’a^ cedemalu nw/igTi* II.orCT «<«y»I(Xovy 
1891), Zeissler and Raszfeld’a (1929) B gt^, and Kranevrld b (1930) bacillus of 
osteomyehtiB baciUosa bubalorum Scott, Turner and Van ter (1933) propose the 
terms Type A, B and C for the classical Cl eeiernalieru, B gtgm and I\JancfeId s 
bacillus respectively 
Habdai— Soil 

MorpKtiogy — Rod shaped, 3 lO/i x 08 1 Op, not unlike Cl treZebtt, but longer , Types B 
and 0 Btrama may be as Urge as -l-SO /< x 1 2 p , sides parallel , ends rounded , 
axu straight or curved , arranged singly, in pairs or chains , jointed filaments 
not -uncommon. Spores formed freely in all media, they ore large, oval and 
subtenmnal, generally free hfriLiIe by 20 or more pentnehate fiagcUa , but 
motility IS observed only under 



Fio 199 -^lostndium adema 

(lens Fxa 200— C7 fzdtmalieiu 


Sarface colony on ag&r anscrobi fkom a surface agar culture anaerobically 

eaUy. a days, 37“ C (X 8) 2days,3rC (x 1000) 


Agar Plait — 4 days al 37* C. Irregularly round colonies, 2-3 mm m diameter, effuse, 
filamentous or curled, glistening, transhiceot with finely sponge-like surface and 
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irregalarir lohai^ ed^ »jU» rr^ fine dsaletjocs, greTui^-reUsw fcr rs£e''iMj, 
gieruh-tihie bv tnmscilted Iicfit , bcrtTTCCi «ad easlr «aul*i_»l4e. 

D^ep digest Jp^r SXal» — 1 duyt at 37*C Good prewtli, gti peodatei »sd irw 
di3ii|'t«d. ColiJQiea thnjn^Jjcrt laedigTa. wyinj m eppairiare , bssjUt nseable 
EiKnrflal.ei scene hare an opaqo* browssli oHitr» wilh a fiflrlr fill roes «is cz 
flnSr le-fiph^TT , eotoe hare th» apf*ansse of » ocnreotwnal irraade. 

Eorff Blooi Jpjr PtoU *. — 3 days ei ST^C larg* «jrf*<Ls5 tolosKS, aa oa Bstnsni 
agar, and rwmd, sL-hllr imhonate eolonaes *tth entire or cadniit* edge and 
a fiwlr granular szsfare , ahont 3 mw. u (Lameter Zcae of ^hEacIrss ossa 
dgat »itb cokoj Ceotie of etdonv u moee o;B<p»e, j e n£i ggy racre traailases*. 

Ag^r Slo^ — 1 day# ol 3T“ C Thia tpae ad-fg Qm gro»1h, ce psr to E>cde*a,e. pmJr 
mnfiom t, shrhlir rai5cd, ^istea-or g r e ryh ye!l7» groeth mi fiaeJ" graanlar 
«Tir£&ce, and an edre ccade tip of saedc ccJfnes. 

Giiatxn — 3 days tU ZT C LignefietKeL 

BnA . — t dag! at 37° C Poor gromh vnh no ttnled. r and a giagsS<>-foa J* *x dejws.t, 
partly dumtcgating , sLght raaod odoor. In glosose hro'h there u an eaiir 
tnrladitr, ahjch elear* after a day or tao iriih the d*yiei£it ol the organires is a 
fiomhst znass. 

fiorf’ere 5OTim.— 15 days at XT C Slode^'e cosSoer:*. sLgh It msfd grotrth, no 
djgcEtKm. 

Ccogglaltd — IS davi et 37’C No d.ge*ti«n. 

r«<iei JfMt J/ediasn.-'lo dae#c/3“*C Moderate pro vth , fissd ItnHUd , pi* phased, 
rotat luued tbsfcllT pttk et hfcathed . no dLps* >oa , tascid odm 

Peswlaaea.— DeetroTcd hr dojI heal at K'5*C m 6 BLEOte*. 

JltiahUtA , — Stnet asaenhe. Opt. tesp. 37* C j^hBBcJmsoshonelkodapir pSa'ea. 
Hcoaolrcd hsaiaa and sheep ■ red kOi. \stn/woal pomiurir veOis crtLsarr 
Dola , grmh tsi^ored hr gbcose. No poeth ta tOe^aalt aed^a. Tozza 
podosed. Feras a fiLw iiv a. 

BtaeXfnucai — And aad gas ta glaooae. aad cal.c#*, oed ts lactose *Qacea, 

oraalioa. GIroes<^f«cna:tedbTTyp*Ahvto^hTTT7eBc'Crtzaiat. Iad.je — , 
5LB. — , VJP — , nrtni« not prodsord m c.t».e hrosh VH, — , , 

ALB. rednetsos — , catalase — Lstzss# cA aad jnid.«nsca u 1 to 5 dirs 
mlh gas fomatian , after 10 to 30 dart a dot appears id the fena o' trie fi^yrtzE. 
No d.gesticei. 

Anltgnite Stradgrci — Asdsti&zas act on Iroologosf Ftn.ns obIt, BSto-agz!~tmalisa 
li eqg ea t. Antetosa can be pendooed hy cS hcrei& 

Paiietgoiiaty — E^rodstes a potent exotoxis. One arat u cacaatisa c'gaa psE7»* is 
tnas. Ketpcc^ le for one trpe of biarr a Eempe, f r hlae^ diseaa* is Acstralla, 
and fiar a son Jital cxtecrareLtis of the fcsznma and f^sT of l>cteh East T.w»^m 
bsSalofa. Eip-dnestallr it ss patboc*EL. fer gnaea-jezs, and taLlats. 

0-ij-I tnL of a S4-hcor laolb mlmre elected ctonrescclariT into a yaoea-jrs 
cssses death xn £4 to IS botca. PAL ca icl ea az* zed and 9if;.ez>^ . E'tse p* 
prodsetxE}. but a tpitadiag gelsttagos cedersa. Eaa^ f oun d at <iV cf iscenlityn. 
and cccaannallr os Kniice oriiTer Blood ccl tui z a inir tr zaar i»t joEstrre. 
(See p. 87L) 

(See TCcffiLerg aad Sepun 1918. Bep^ ATolf 1019-53. HaS lo22.TtiKar ISSN 

Mkszner i&rs andScbocg) I'Ql KzaaeTcU I<t30 Zesssler and Kraaereld 1*3>, KrsnrrelJ 

and Pjaenoedst I*«33 Scott, Turner and Vaeter I’^SS DiMT»din and Kranrreil 1^.>. 

Timer and Bales 1*141 ) 


Ptf ic tp i^ n ' m ChaSTCEl 

Jn^Kin — IlrttdistiactiTe description hrArioB^CcTOensasdTbeEia* la 1®*9 (A Acr g 
et «L 1557). 

Edi/\ieL — lives in seal 



CLOSTSmiUM OEAVYCEI 


Morpht^ogy — t-tfny agar jiate at 37* C l{0d-sli^>ed, 3 8 /t X 0 & /J, vith paraUel sides 
and rounded ends. Short filanienta are not uncommon. On serum or in meat 
medium navicular and swoUen forms are seen. Axis straight or slightly curved, 
arranged singly, in small groups or in short clmins Variation m depth of staimng, 
some organisms show cliromatic granules near the poles. Spores are elongated 
oval, eubtemunal and wider than the bacdlns Clostridial forms are lemon or 
pear shaped. Motile Gram positive, but weakly so after 4 days. No capsule. 
On surface of liver of infected animals it is found singly or in pairs not in chains 
or filaments hke Cl sephevm. 

Agar Plait . — 4 dayt at 37® C Irregularly round, 4-8 mm m diameter granulo-fila 
mentous, eSusc, transparent colonies, difficult to see , surface is gUstemng and 
very finely granular, edge is fern hke and iiregolarly dentate , greyish by reflected 
and bluish grey by transmitted hght . consistency butyrous easily emulsifiable 
no diSercntiatioD 


Deep Glucote Agar Shale — t days af 37* O Abundant growth of discrete cobmes through 
' out medium, except for 3 mm below surface. Colomes are irregularly round 
0 S 1 mm in diameter, with an opaque brownish centre and a lighter translucent 
plumose penphery, with an irregularly croee edge. Moderate gas formation, 
medium split slightly in 4 or 6 places. 

flaree Blood 4gar Plate — 3days<ti37*C Cotomes irregularly round 3 0 mm indiam- 
eter, eSuse, transparent, with grenulo>filsmentoua structure, and entire or rhizotd 
edge No deflmte hsmolytio tone, but plate is cleared slightly 
Afar Slope— 4 days at 37® C Poor, confluent, effuse, transparent growth difficult to 
Bco. Surface smooth or very finely granular, edge fern like and irregularly dentate 
Oelahn — Liquefaction complete m 14 ^ys at 37® C 

Broth — i days al 37* C Poor growth, no turbidity, alight powdery depoail disintegrating 
on shaking , weakly rancid odour In youog cultures a turbidity is noticeable 
but this clears as the bacilli sediment 
Loiffltr's Serum . — 15 days at 37® C Effuse confluent growth, no digestion 
Coagulated Egg — 15 days al 37® C Poor, effuse, confluent growth, no digestion 
Cooked JIleat Medtum — 15 days al 37® C \ery slight or no turbidity , some gas pro 
duction, meat turned pink Rancid odour 
^esistonce — Dried on silk threads sporas are destroyed by steam in 38 to 43 minutes 
Jlefabdtc . — Stnet anaerobe. On the 



whole grows poorly Opt temp 
37® CL Very slight hsmolysts 
on horse blood agar plates 
Hemolyses human and sheep s 
red cells Forms a flbnnoJysin 



no 201-CT«rr«fi«mdtou«ri Fro 202 — CTiw/nd.nw cAamvw 

From a surface agar culture anaeniblcally. Surface colomes on aw anaerobi 

2 days 37" C (X 1000) eaUy, « days, 37 C (x 8) 
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A'«fn<kwa/ —Grows poorly in ortliiuiy media, growth improved by glaecwe, and 
by heart extract , very poor groirth in enseia digest broth. I»o growth in bifc- 
ealt media Weak temn prodaced 

Biothcmteal — Acid and gas in glucoee, maltose, lactose, and sucrose, not m mannitol or 
tahcin. Indole — , iLB. — , VP — , nitrate reduction + > MI, — , H^Sd-, 
M.B. reduction— , catalase — lalmtta milk Tsnahle, sometimea no change, 
sometimes slight acid prodaction, and partial precipitation of casern. 

Aniigenxc Slrvdurt — Appears by ag^latination to be serologically homogeneoua Agglu 
tinating sera prepared against CL Oututai agglutinate this oigamsm, but do not 
agglutinate Cl septinrai except to very low titre. By complement fixation Cl. 
ehaHvwi and Cl srptievm appearto he closely related Antitoxm is specific, pro- 
tecting against Cl e^autat but not against Cl ttpiicun. 

Pallogtmtitg — Ezotozm produced. Causes blackleg in cattle, and less often in sheep, 
l^on-pathogenic to man. Expenmentally it is fatal to guinea pigs and less often 
to mice I rabbits and pigeons are fiurly resistant 0 25 rok of a 2-f-honr culture 
in Hiblct’a medium injected intramascnlatly kills a guinea pig in 24 to 43 hours , 
p.m. slightly blood-atained serons exndate at site of injection , abdominal muscles 
are deep ted and contain numefons small gas bubbles. Cl cKaurisi can betecovered 
from local lesion, pentooeal cavity, and heart blood 
(See Kitt ISS7, Iiocard and Roux 1SS7, Roux ISSS, kitasato lS39o 1800 Icclamehe 
and Vallee 1900, Eisenberg 1907, Markoff 1911, liindan 1917, Weinberg and Segum 
1918 Haslam and Lumb 1919, Rc^rt 1919. H^er 1920, (joss r/ al 1921, Gaiger 1022, 
1924, Hall 1922 Weinberg and Gmsbouig 1927. Weinberg and SlihaJesco 1929 Roberts 
1931. Henderson 1933. Kemo 1934) 

ClostruUom sepbettm 

Ittialxon — Described by Pasteur and Joobert in 1877 

Sjfnanxfma — B tcdtmalu malignt, Eoch (1831) ribnoa eepfi^r, rusteor 

flabiial . — Found chiefly in soil 

lIorjAology — Bod'shaped, of variable length and thickness , on agar cultures, S-di /< X 
0-4^ 0 ft , sides parallel, ends rounded, axis straight or curved, arranged ainglv, 
in pairs and in short chains. On pentooeal surface of dead guinea pig it forms 
long jointed filaments. In tissue exudates and in fluid media containing fresh 
tissue there are navicular or citron lorms with pole swollen bodies and deeper* 
stainmg pomted extremities. In agar cultures there is marked plcomorphism . 
organisms vary in size, shape, and depth o! staining, large mimbeis of shadow 
forms are seen. Spores readJy formed, and are oval, eubtcraunal, and slightlr 
wider than baciQi , often found free. Motile by 4-16 pentnehate fiageUa. 
capsule. Gram positive in yoimg cultures, but often finnUy Gram negative lu 
4 to 5 days. 

Agar Plait — 4 days al 3'!°C Irregnlarlv round, having a general cigarette-in-water 
appearance 10 mm. m diameter, effusev translucent colooies, with 

finely honeycombed surface due to crossing of numerous filaments, and fimbriate 
edge , greyish by reflected, bhush-grey by transmitted light , butvrouj and easily 
emulsifiable. definite diffeientialion but filaments are l<ss den<« at periphery 
Recently isolated strains tend to form continuous spreading films 
Deep Glucose Agar SJiale.' — 4 days at 37" C Abundant gas formation , medium 
disrupted and driven up ueaHy to ping Numerous colonies throughout medium, 
varying in appearance . most nsusl type is dehcate. arborescent, and fiocculent , 
sometimes opaque with an irregulaily dentate, well-defined edge, fiom ahich later 
woolly filamentous ont<‘hoot8 ajqiear 

Horse Blood Agar Plaits — 3 days at 37" C o jmme hsmolysis , after C daj^ hsmolyais 
IS of ^type. 



aWSTRlDlJJH aEPTlGUM 






-r I 




Tia £03 —Cl ttpitcun 
From a surface a^ cultoie anaerobicaUr, 

2 days, 37* a (X 1000) 



Tta SOl—Clailndtvm4eptKam 
Surface colony on a^ anaerobi 
cally, 2 days, 37° C {X 8) 


Agar SIojk, — 1 days al 37* G Scanty to moderate, effnse, translucent, glistening, greyish 
yellow growth, forming bttle islands, eecb with a coarsely erose edge , snrfsee 
smooth or very finely granular 

Gdaitn — 7 dcyt al 37* 0 Liquefied 

Brol^ — ( days al 37* C Poor to moderate growth with slight turbidity and a moderate, 
powdery deposit disintegrating comf^etely, alight nscid odour 

Lotfflfr'a Sertim, — 15 days al 37* C Fairly good confluent growth, no liquefaction. 

Coaynlatsd Egg — 16 days al 37* C Fairly good, partly confluent growth, with a moder 
ately granular surface , no digestion. 

Cooled Meal JleJium . — 13 dayt al 37* <7 Uoderate growth with alight turbidity , gaa 
production , meat turned pink , no digestion , rancid odour 

Besufanre. — Xot recorded, 

J/e/aMic. — Strict aoserobe. Opt temp 37®C a-pnme, and later fi-bsemolyajs on 
hor^ blood agar plates. Hsemolyses human and sheep’s red cells //ulniionaJ 
grows fairly well on ordinary media, growth imprOTed by glucosa Green fluoree 
cent coloniea on hfacConkey plate Toxin produced Forms a fibnuolysm. 

Biocbemieal —Acid and gas in glucose maltose, lactose and salicui, not m maumtol or 
sucrose Indole— , ILR. — , VP — , mtratca reduced , NH,8ljght4- , HjS+ > 
M.B reduction — , catalase — latmosmilk acid and clot and some gas , the 
clot does not form for 3 to 6 days 

Anligente Slrvclure — By a^lutination four groups can be distinguished on basis of 0 

astigeB, fiertiffr'aobidiniioa la fvssibh oa bisif of H Scaso oross^gg)!} 

tination and much cross-completDent-fixation with Cl ehauvat strains Antitoxin 
appears to be specific 

PalhogenKtlj — Esotoim produced. One agent in production of gas gangrene in man. 
Causes blackleg and braxy m sheep, and sometimes blackleg in cattle Eipen 
mentally, it is pathogenic to guinea ^gs> mice, rabbits, and pigeons Patho 
genicity is retained for years in subculture O-Ol-O 5 mL of a 24-hotir glucose 
broth culture mjected intramuscnlarly into gumea pigs causes death in 12 to 24 
hours P M. blood-stained cedenia and gas production , muscles intense deep red 
m colour and softened , sometimes fluid m peritoneum and pencardium. Motile 
rods and navicular forma at Hfe of injection, and long jointed snake-liio fila- 
ments on peritoneal surface of liver (See p 871 ) 
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(See Ton Hjbler 1%S, Merer 1915, Wembe^ »nd S“gmo I^IS, Well 1915-19, Report 

1919, HeDer 1920, Guger 1922, 1924, HaQ 1922, Weinberg »nd Gmsboorg 1927, Henderson 

1931 ) 

ClostndizQQ trelcbu 

Synonym* — B oeroyeiie* eopeulohu, 3 fUtymonu emplyremoloKe, B pej/najen*, B, 
*!UC^ro^lyneit* tmno^ili*, B mtenhdu spongtnu, GmniddbaeiOvs hvlt/ncu, 
B eodawn* bttlynetu, B toTtnaempK/femalMs, AcLalme'e bndQas. 

Isdlahcm — lir^t complete description by Welch end NdU&II is 1592, irho isolated it from 
ft Cftdarer Vsnoos org anis ms doeelr resembling CL bnt diSemg {ran it 

in type of toxin prodnetton. hare been isolated {xom dieeased ebeep, and cftOed tbs 
Iamb d^eenteiT baciUos (Dallmg 192ti), CL jialudu (McRven 1930). and CL onion- 
cum (Bennetts 1932) Exact relation «f tl^se ciguufsu to CL tcBehi and to one 
another is donbtfnl, but Wilsdon a (1931) claasficaticn into ^ B, C, and D types 
comspondmg iwjpeeUvely to the inlcbii. bmb dysentery, faludts, and ontmmm 
types may be accepted provinMiallT 

UubifaL — Fonnd in sod. eater, milb, dost, sewage, and intestinal eanal of masand animals. 


V 


/- 


Fie SOj — Cloitnditm tetlcAn Fia 2fd. — Cisefndiam utleltt 

From a cnrface agar eoltmr, laserobicallT, 2 Foitacc r^ocr on asar anasota 

dsT»,3~*C.(X 1000) caaT.5iIftTj.3T*a(X S). 

iforp^ofoyy — Rather stout rods, rarying considerably in Imgth , 4-8 /tXO 8-1-0 /» , 
sometimes sbortar and more elmder, filaments not uncommon. F^raDel sides, 
«ids truncated or iligbtlj rounded , axis straight. Arranged «!in~lT, often «de 
by side forming small bundles. Vanatum is dep*b of staining , mrotntion forms 
— clabs, filaments, tadpoles, ^anolar forms — fieqnent m old cnltnres. Spores 
laige, oral, and snbterminaL Sponilatioa ocean more readOy mtb some strain* 
than with otben. and is DsTcmied liy an aThtline reaction , does not occur fcclTW 
pH fi-6, and hence js unusual in media containing a fermentable carbobnliate. 
Spores are seldom seen m cultures, bat are commonly formed under mtnral 
conditions ^on motile Gapaoles fonned in aniTn*! body 
Ajar Plale. — idaytatST^C 2 mam tTp»*»f colony formed. One round, 2-4 mm- in 
diameter low conTei, amor|dioti9, greyish yellow, opaque, with smooth surface 
and entire edge , butyrons and eaaly emnlsifiable. Other is nnibonate, and u 
difierentiated mto an opaque brownish centre and a Lghter, more transhiccntt 
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radially stnaUid periphery wrth » crenated edge (Fig 206} Other variant forms 
have been described, difFenug m tOOTphology, colonial appearance, and sometimes 
toxicity (Sordelli, Prado, and Fman 1932, McGaughey 1933, Livesay 1933, Stevens 
1935) 

Deep Olueose Agar Skal.e—i days ot 37*0 Abundant gas, medium ruptured and 
driven nearly to plug Numerous colonies throughout medium , they are 
biconvex, 1 mm long opaque, with an entue edge 

Horse Blood Agar — 3 days at 37®G Kound colonies, 2-5 mm m diameter, umbonafe 
greyish white, with opaque raised centre, and a translucent flattened periphery , 
surface smooth , entire edge Zrxsa of 0 bsraalysis for 1 3 ram around colony 
in most strains (see p 861) 

Agar Slept — 4 days at 37® C Good growth consisting of discrete colonies 

Gelatin — 2 days at 37“ C Complete liquefaction 

Broth — 4 days at 37“ C Good growth with moderate turbidity, and moderate powdery 
deposit, disintegratmg complet^y ShgUt sour odour 

Loeffler 3 Serum — 16 days o( 37“ C Goodconfluent slightly raised growth with crenated 
edge , no digestion 

Coagulated Egg — 15 days at 37“ C Fairly good confluent, shghtly raised growth , no 
digestion 

CooUd Meal Medium — 16 days at 37* C Good growth , fluid slightly turbid , gas 
evolved , meat turned pink , no digestion , acid reaction , sour odour 

Btsistanet — Cultures in fermentable carbohydrate media die m a few days owing to the 
eSect of the acid produced. In eugar free protein media m which spores have 
formed, the organisms may live for months A suspension contommg a million 
spores per ml is sterilized in 30 mmutee at 90* C and ui 5 muiufes or less at 100* C 
(Headlee 1931] 


Utlabohe — Fairly strict anaerobe Opt temp 37"C Haimo- 
lysma and leueocidins are formed by some but not by 
all straios Usually gives fi bxmolysis on horse blood 
agar plates , hismoljses human and sheeps red cells 
hvlntional grows fairly well on ordinaiy media 
growth greatly improved by I per cent glucoee Green 
fluore<ceDce on hlacConkey plate Toxin produced 
Forms a fihrinoljsin 

Biochermcal — Acid and gas in glucose, maltose laetoee, sucrose 
and occasionally sahcui , not u mannitol , some strains 
ferment inulin somo glycerol ljulolc — , M R + , 
VP “ , nitrates sh^ht reduction , NIIj abght + , 
HjS + + , SI B reduction — , catalase — Litmus 
milk acid, gas, clot — stormy fermentation — occurring 
in 12 to 48 hours in a proportion of strains Typo A 
C, and D strains form acrolein fiom ^ycerol 

Antigenic Structure — By agglutination no clear cut groupmg 
15 apparent , considerable orerlappiiig of antigens. 
No obvious relation between agglutmation results and 
typing of strains by toxin antitoxin or biochemical 
methods Antitoxic scrum can bo readily prepared in 
horses 



Pathogenicity — Apx>nrently 7 different exotoxic Bwhatnnces Fio 2<n — Clostndmm 
produced, of which up to S may be jwodneed by one 

strain Chief agent in causation of gas gangrene in Culture in ^mu* mdt 
man. May play a part in causation of enteritis 37* C, show 

appendicitis, and puerperal fever Chuses gas gangrene mg »tonny fennenta- 
in ammala, especially sheep FxperunentaUy great tion 
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Tsmtion m pathogenicity of different elraisE. crashed or eporca are non 

pathogenic 0-1 1^ ml broth enltme injected mtiamnscolailT into gnmea pig 
cansea local tamefaction, cpreadiog cedema, and death in 24 to 4S boars. P.^L 
Enptarenal glands congested. Also pathogenic to mice, pigeons, and lea so to 
rabbits (see p. 870J B tvpe is itqionsible for Urab dywntcry, C tvpe ijt 
etnick ” — an entcntis of siaep — and D trye for an enterotosamii'' disease and 
for polpy kidney disease of cheep (see Chapter 7S) 

(See Kamea 1004 Sunowb 191Sa, h, c, Itobertcon ISIS, 'Bull ISl?, Boll and Pntchett 
I917n 6, De Knuf and BoUman 1917, Be Knuf tf ol 1917, tVeinberg and Segnin 19IS, 
Report ISIS, Bei^teon 1920, CanMeOd 1920, Hall 1922. Hnmphi^ 1924, Bailing 1926, 
Weinberg and Gmsbourg 1927, Howard 1923, ireinberg 1929, Weinhprg and Combiesco 
1930, lIsEven 1930. Toney, Kahn and Sahaget 1930, Ueadke 1931, Ifsaon, Pass and 
Balling 1931, W ilsdon 1931, 1933, Bennetta 1932, Glenny H aU 1933, Walbum and 
PAVtaann 1933 McGangbev 1933, Livesay 1933, Weinteig and GuiUanmie 1936 } 

Clostndntm (etani 

Ifolation — Deacnbed by \icoIaier in 1S34, isolated by Kitasato to 1SS9 (18594) 
Habitat — Pound in aoil — especially coltirated eoil — and in the intestine of man and 
aniinala 

dforpfcel/gy— 4-day ajar dope of 37^ C Rods, 2-5 /iX t)5/i, considerable Tana- 
tion in length , long eorred. Elamentons forms are not nneommon. Axis 
stmgbt sides yaiaUel, ends toonded. amrtged singly and occasionally u 
ehsma Vanation m depth of ctainiog Spores sph>ncai, tenninal, and wider 
than the bacillnt ginng chanctensttc dnz&>stick appeannea- Slngguhly 
motile, pentnehate flagella, ho caprale Strongir Gmm-poutire is yettng 
cnltorea. In eatly itagee spores etain sohdij , later only the thin wall stains , 
spores rarely become free. Bizarre inrolotion forms appear in old raltorea. 



Fiq 203 — CIo«trvft«7» leimt 
From a surface agar cnltnre anaerobically, 
7 days. 37* C., showing ring form of stain 
mg (X 1000] 


Flo 2Cn — Clot!nd\em Uianx. 

Froma broth cnltnre anaerobically 7 days, 
37° C., shoeing the sports staui^ eoh^y 
(X 1000) 


Ayor Kafa — 4 days at ST’ C Im^nlariy roond. 2->> nua. m diameter, eSuse, glistening 
transloeent, greyish yellow colcmiea with irregolarly granular surface, and Hi- 
defined edge, showing filamentous, emled projections, structure verr finely 
granular or filamentons , birtTTOia consistency, emulsifying easily Some 
strains form colonies differentiated mto thicker tTanslnct-nt, Tcllowish brown 
centre, and thinner, transparent, almost cdoorless penphery Whole colony has 
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ft fuzzy appearance Isolated colonies of the normal motile type of Cl telanx are 
extremely difficult to obtain owing to the tendency of tho organisms to spread 
m a protcus like or a delicately rhtzoidal film over the surface of the agar but it 
13 stated that non motile vananta gien nse to separate discrete colonics even on 
moist media 

Deep Glucose Agar SI ake days at 31^ C Shght gas formation medium disrupted 

in 2 or 3 places Colomea scattm^d throughout medium except at surface, 
they are rounded 1 2 mm in diameter with sometimes a brownish opaque centre 
and a lighter more translucent periphery fuzzy filamentous branching edge 

Agar Slope — 4 days at 37“ C Scanty to moderate 
greyish yellow almost transparent efinse growth 
stretching to sides of tube with very finely granular 
gl stening surface If inoculated into condensa 
tion water spreads rap dly over the whole surface 
of the agar and presents a filamentous edge at 
the top 

Odatin Slab — 10 da js a< 23“ C Poor growth of fir tree 
appearance At37^C liquefies gelatin in a week. 

Broth ~4 days at 37“ C Poor to moderate growth with 
shght turbidity and a finely granular deposit not 
dis ntegrating on shaking Odour of manure. 

LotfUer s Serum — ( days at 37” C Poor efloae mostly 
discrete growth , serum may be softened or dis 
integrated after several days but no true hque 
faction occurs 

Iforse .Blood Agar Phles —3 days at 37® C Rounded. 

2-5 mm. m diameter effuse, greyish translucent 
colomes with finely granular surface and lobate or fimbriate edge Sometimes 
zoue of a prime hsmolysis diam 1-5 mm , later passing into the type 

Coag laled Egg days at 37® C Poor effuse partly confluent growth no digestion 

Cooked Meat Medium —4 days af 37® C Good growth fluid shows moderate turbidity 
some gas production no blackening and no digestion of meat Shght blacken 
uig ]s said to occur after some wedca 

Beetstance.— Spores res st boiling for 16 to 90 nunutca Killed at 105® C. in 3 to 25 
minutes , killed by 6 per cent phenol in 16 hours 

Metabol e — Strict anaerobe. Opt temp 37® C Grows poorly at 20* C a prune or 
^hsemolvsis on blood agar plates Hemolysin acts on R.BC of rabbit goat 
sheep horse and many other sminals. ^utnlionaf grows fairfy well on 
ordinary media growth improved by blood and serum not by glucose. Tul 
lochs exhausted medium is particularly suitable Produces green fluorescence 
on 3!acCbnkey a sgsr Possesses sbght proteidytrc properties 
leol — Perments no sugars Indole ULR — VP — nitntes not produced 
m nitrate broth NH^8Lght+ — 31 B reduction — catalase— L tmus 

milk, r^uct on of litmus usually si gbt prccipitalion of case n, sometimes no 
change Said to form phenol 

dnli^entcftniclure— Differentiated by agglutinatioomtoat least 10 types of which Types I 
and HI appear to to tho commonest m this country Toxin formed by all types is 
idenl cal and is neutralized by antitoxin prepared against any one type Anti 
bactenal sera contain a^lutinins and opsonins specific to each type 

Palhogenieity — Potent exotoxm formed. Katoisdly pathogenic to man and horses in 
particular ErpcnmentaUy mice guinea p ga and rabb ts are suscept ble dying of 
tetanus in 1 to 4 days after subcutaneous injection of a broth culture. IS ashed 
spores or bacilli are innocuous The toxin is very potent and will kill a mouse 
in a doso of OOOOl mL Birds are reautant. (S« Chapter 77 ) 



FlO 210 — Chslndtam lelant 
Surface colony on sgsr ansero 
b tally 3 days 37 C show 
isg parent colony earrounded 
by an effuse outgrowth 
(x8) 
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(See Itos«ib3cb I8-S6, Behnng and Kitaaato 1890, Kjtasato and TVer! 1890. Eit&sato 
1691, Toledo and Veillon 1691, Eelmng 1892, TaiUard and Ilooget 1692, Uschxnsky 1693, 
Pizzini 1896, Sladsen 1899. Ritchie 1901, RoeeaaQ and Ander^n 1905, con Hibler 1905, 
5IetcImil.off 190S Smith 1908, Jvoble 1915, Corbitt 1918, Wemberg and Segnm 19IS, 
Report 1919, Talloch 1919, Hall 1922 Heller 1922d, b, And»c on 1921, Bengteon 1924^, 
Ilescoinbey 1924. Fildes 1925a, 6, Weinb«g and Ginsbotirg 1927, Techertiow 1929, 
Fildea 1929. Knight and Fildes 1930, Kemn 1930. 1934, Behn l93l,Mat<Tnulch ct «( ) 

Notes on Less Important Strains (see Table 57). 

Cl aeroteUdom — ^Descnbed by Weinberg aikl S^m (1918) ^mal! slend'-r baallin, 
3-5 n long, slightly tootile, and wieakly Gram posilirc Spores are robWimnal. and ai» 
not readily formed. Soiface colouea are toond and transparent , deep colonies are small 
and Biegnlar Kcm pathogenic to gomea pigs 

CL blfermentans — Isolated in 1902 be 'nssier and 3Iartelly from pntiefnng meat, 
and named B tn/ermnlaiu tponyenu So called from its bem^ the Crat anaerobe 
shown to decompose both engara and proteins Ihobsbly identical with CL eentrtH 
fpongenti described by Hall (1922), McC<^ and 3IcC3nng (1938) and Clark and Hall 
(1937), and, according to Stetrart (1935), mlh Ct sordcHii ( s Tno uvc a B CtJtmatx* eporo- 
ynes) isolated by Sord'Ui (1922, 1923) in Buenos \iT«ifrom a human case of gas gangrcae 
(■ec also Weinberg Daresne and l^frano 1931, Ball and Scott 1‘’27) Gram positira 
rod 3 6-d 0 /i x 1 2-1 5 /r, motile by p^itnchate ftageDa, readQy forming central or 
Eobterminal oral spores Uniform (orbiditr in broth with filament {modnction, and 
Tiscotis deposit, wbch u easily disintegrated on shaking, nauseous odour Surface 
colonies on hor<e blood agar are roood. crenated, or uregular, and occssionallT hsmolrtie , 
deep colonics are round or irregular and opaque with a wooUr penpbety Gelatin liquefied 
rapidly Coagulated senun disintegrated or liquefied Cooked meat medium digested, 
bl^keaed, with a late deposit of smaQ rounded manses of white crystals. Ferments glncoee 
and maltose but not lactose, saccharose, or maonitoL Forms a fibnnolr^uu Pathogenic 
strains (equinleot to C7 aordc/7ii) produce a fiurly powerful toxin which u destroyed 
by 30’ C m CO tmnutee Both toxigenic and non toxigenic etrauu pioduce a leathin^, 
specifically neutralized be the santitoxm of C7 ire/cAii (Hamrd 1943) (K*! mL of 
a 48-hour glucose broth cultoie of a pstbe^eme strain injected intrama«cnLirie bills a 
gumea-pig in 3 davu with Iratons similar to tho^ caused hr Cl ari'fnal>»n» \ppears 
to be morphologically, culturaUy sod antsgeracally more or le^ identical with C7 odema 
tmdts an organism isolated from a wtrand infection br 31elenec, Homphrers and Carp 
{1926-27, 1027) (S<e Hurophreva and 'Vclenpy I927-2>, Hall, Rymer and Juneberr 
1^29, Hall and Scott 1931, Levenson 19311) 

CL eapitorale — Isolated by Snyder and Halt (1935) from eanous situatiooa including 
the pleural finid of a sheep that had died of gas gangrene, the heart blood and pen 
tooeal fluid at post mrateca of cases of eepUc infection in human beings, and the fjeces 
of normal infants It is a slender, motile. Gram positive rod with rounded ends, measuring 
2-0-2 3 fi X O-S-0-8 ji, and forming tennmal oval spores It gives nse on blood aiar to 
minute circular or uregnlarly circular, transparent, non hmnolTtiC surface colomes It 
produces and and gaa m glucose, but not m maltme mannitol lactose, sucrose, or sah<un. 
It hquefies gelatin, is mildly proteolvtic, dots milk uregnlarly and sometimes digest* the 
clot, B non pathogenic to gumea-piga and rabbits inoculated snbcntaiKfKi-lv, and appears 
to be antigemcallr homogeneous. For its differeotuhon from CL panpHi/iJuvm, CJ 
aiionldl/nns and Cl eoAUanam, sre Snyder and Hall 1935) SerologicaHy di'twct from 
Cl parapulnfeum (Snvder 193G) 

CL earnu — Described by Klein (1''03) \ nmiUr b.wj)la«, palh<rgcnic fir rabbits 

“ ron Hibler vi,” was isolated from soil by ron HH ler (I'Kd) Hall and Duflitt (I93o) 
consider the two to he identical Gram poaitiTO rod, dnggi^r molfle by pentnehaie 
flagella, 1 5 to 4 5 /i X l>5-0-7 ft Readfly fixms subtermina] elongated spoms shghtJr 
wider the bacillas, which later appear to be te rmin a l . Microaerophlhc. Surface 
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colonies round and transparent, bter Sat and lblMt« , d«p colonies lenticular Uniform 
turbidity m broth, and later, granular, then nracoid deposit Ferments glucose, maltose, 
lactose, aaccharoso and salicm, but not maiimtol Litmus milk imchanged Ccngulsfed 
serum and gelatm not hqncfied Indoto — Produces a soluble cxotoxim Pathogenic 
to mice, white rats and rabbits, with production of an oedematous and congested local 
lesion 

Cl coehlearlum — Ucsenbodby McIntosh (1917) as Typo HI C, and named i? cocAlcnris 
by Douglas, Flecung and Colebrook (1820) on account of its likeness to a spoon Its 
claim to the rank of a species confirmed by MacLenmui (1939) Slender rod, Gram positive 
only in yonng cultures, 3-5 yi x 0 5-0 6 ft, actively motile by pentnehate flagella Spores 
formed late and m small numbers , are oval, termioal and twice the « idth of the bacillus 
Surface colomes aro translucent, round, with dchcately ervnated edge , deep colonies 
are lenticular, and may develop polar tufls of growth fs'on hsemolytio non saccharolytic, 
non proteolytic Coagulated serum and gelatin not hquefied NH, — , indole — 
VP—, 3I.R — , 31 B reductase — , catalaso — , H’jS Antigenically homogeneous 
Non pathogemc to gumea pigs 

Cl dilSelle — ^Described by Hall and OToola (1935) and Snyder (1937) Isolated 
from the fscce of normal infants Strictly anaerobic large Gram positive rod with sub 
terminal elongated spores of about the same width as the bacillus Colomes irregular, 
fiat, rough and non hamolytic Fermenta glucose, lojvulose xylose, sahem, mannose 
and mannitol Does not ferment galactose, lactoso, saccharose ramose, inulin or glycerol 
± ■ Indole — , coagulated senim not liquefied , late liquefaction of gelatin by a 
few strains Some strains produce a filtrable, thermolabile antitoxinogemo toxin which 
induces local sdema and convulsions in guinea pigs The toxin is lethal on injection 
into the cat, dog, rat, guinea pig. rabbit and pigeon but has no effect by mouth in the 
rat gninea pig and dog The bactena aio aatigenicaUy heterogeneous the toxin appar 
ently antigcnicaUy homogeneous 

Cl lallax was found by Weinberg and S^gmn (1918) tc Infected wounds and gas gangrene 
It IS a motile, Gmm positive bacillus. ) 2-5 /t x 00 /t in diameter, with rounded ends, 
straight axis arranged singly Spores, which are rarely formed are subtcrminal or 
central oval and wider than the bacQlus Surface colonies round and transparent later 
raised, irregular and more opaque deep colonies lenticular, irregular or bean'shnpod 
Uniform turbidity m broth, later granular, then mucoid deposit Ferments glucose 
maltose, lactose, sacchoro^ and salican, manmCol fermentation variously reported 
Litmus mdk, coagulation in 7 daas Coagulated serum and gelatin not hquefied 
Indole — , (see Dufi'ett 1935) Produces a soluble toxin hen freshly isolated is 
pathc^emo for mice and gumea pigs 

Cl hastllorme isolated by Cuniungliam (1930-31, 1931) and by MacLcnnan (1030), 
who accorded it the rank of & species A Gram positive rod, S-6 yi X 0 3-0 6 ft, sluggishly 
motile by pentriehato flagelU Readily produces oval Bobterminal spores which together 
Hath a minute terttunal tip of bactllsiy proloplasm, constitute the spear bead shape from 
which the organism is named Surface colonics are non h'emolytic, minute trauspnrent 
and round later beeormng irreguCir , deep colonies round and roaroofy filamentous 
Gelatm liquefied 7-10 days, coaguLated scrum not hquefied Non-saccharolytic U,S — , 
Indole — { NH, — Antigemcally homogcncoois Hayward (personal communication) 
has met with strains resembling Cl haattforme which are JueraoJy tic on horse blood agar 

Cl baemolyticum — Dcscnbml by Vawter and Reconls (19J6 1031) as the cause of 
red water diseuvsa or bacilliiy haemoglobwiuna of cattle in the Dmte<l States and hy 
SordeUi Ferrari, and Frailo (1030) m South Amenea Nameal N hftmoti/heva b\ H«U 
(1920b} It IS A fairly large baciUu*. 39-6C ft X 1^1 3 ft, occurruig individually, m 
pairs, and occasionally m sliort chains Spams are oval terminal or sulitermmaJ ,Slng 
glibly motih by 6-lC pentneliate flagclk Gram positive in young cultures Deep 
colonies w agar are at first lentieukr, Iat«- flnfiy Gehlm « hquefied, but otherwise no 
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prc>t«>lTtic action Acid and gas jrodaced in gineose, and and clot in Ltmos T"nv 
Complete hamolrsis on lilood agar platcam 24 hoars. 4 toain ts {«oduced. Byagrfntna 
tiCBi most strains appear to be antigesicaUT' homogeneons. Intramoscnlir inoctzlabcni 
of guinea-piffB with 8 toxic cultnre giTca ite to an eitensire bloodv sdema sometuaes 
accompanied bv hsmoglobuiana. Rabbits also sofceptible. A diseam cimolstfflg m 
manv respects the natural disease can be reprodnced in cattle br in;evtK»a of tone cnltms 

CL mnltlfermesU&s (tenalbam.) — ^DesenbedbrStoddard (191%). isidatedfroznaca^ 
of gas gangrene Hesembles C7 septicaw roor^oli^callr, especisUr m its formaticai of 
dtrons, but is non pathogenic Gram positire, motile badHtu with sabtenmnal spores. 
Surface colomw are large, round with shghtlp irregnlar edges , after serctal davs tber 
become white and opaqac, and rise up front the surface Deep cokmies are wljte and 
opaque, irregular or bieoneex, with jwojecting oatmowths. And and gas m glocote, 
maltose lactose 'ucrose, and aalicig . acid and clot in LAL ^on protcolrtic 
pathogenic to guinea piga 

CL patrifleam-— Desenbed by BienstocL (!S^, 1S99, 1901), wfeo i-olated it from 
fieees Appears to hare been a slender Gnm p<»itiee rod with spbenca! or oval tetrainal 
«pore«, which digested proteins bat had no action on carboLedrste*. Its identitr has 
been m doubt (for critical discmsioo sec Hall and Snjder 19AI Hartsell and Hettrer I'tSf. 
Alorgan and Wrr'bt 1934) llanv worLen regard it as identical with Cl eocilcantm, 
but this u disputed bv Hartsell and Bettger and by 3IacI>mnaji (1939) According to 
SlacLennan, Cl pvJnfntm is a slender baciDna. Gram ponove eolv m yoaag cultmes. 
03-0 o/im dumeter. forratag long tangled threads in old cultures, with slowlr deroloping. 
Urge round tcnainal spores. Slaj^hlv motile bv pentneboos fiageQa. Colonjea are 
URgulariv round transparent, with filaracBtous or debratelv fimbrute edge , son hmso' 
Ivtic Deep colonies are minute, spbenca) and hauy Nee^saccbarolvtie , HjS , 
SLR , M.B reduction — . eataUse — , bquefies coagnUted aenua and geLitu in 
7-20 davB and blackens cooked meat medium slighUr Three serologtciL} grouse, which 
are distinct from Cl eoefiUanum 

CL panpotnCeoin. — According to 'H«tt and his coUeagum (Ball and Snrder 1931, 
Snrder 1930, Hall and Ridgeway 1937) thu organ,ns. which was dsciibed by Biesistock 
(1906) IS probablv identical with E^^nch'a “ Kopfehenbakterien," von Hib's's n 
baallas, RodeUa's m bacillus, and Kkinschmidt's (1834) B leaiiintas It ts round in 
the Leces parbculaily of infants, both ocnnal arat 31 n&andxd. and is » sleoder, molSe. 
Gram variable bsdllus with terminal oval sporea. It is non proteolytie , it ferments 
glucoee. maltoee. lactose snenee, and salicm. but not manmto) « xvlose, with the pco< 
doction of acid and gas. It is non petbogenio fer guinea'purs and rabbits. 

CL parasporogenes. — ^Described bv McIntosh (19)7) Ee«embles CL sport y wes, bot 
deep colmues m agar shake cultures are bicoorex or irregular m shape. Also forms «peci£c 
agglutinins which do not »ct on Cl s p oicynes Non pathogenic to gmnea ja^ 

CL sphenoldes. — Isolated bv Douslas, Fleming and Colebroot (I'*20) from wounds. 
So talkd from the wedge-ehape the iqxmng baaQus. SmaB, mot3c, weakl v Cram 
pceitire , vegetative baciDi are fosifonn m shape and aaasred in pairs end to-end. 
Spesivs arc large and round, apipeas aubtenamaBy, but soon become stnctfv teroumd 
Surface colonies are round with entire edges. Palhogemcity not examiofd 

CL teitlusn. — De!.CTibed Hemy (1917). Pesembles, but is probablv different from. 
Cl paraputnfidm (see above) Thm, shghtlv rurved barillas, 3-5 /i lonsr glagsishlv 
HiotiVe Gtamp«itive, often shawing granular ^taming Sprees freely, giving nw to 
large, ovaL ekmgatcd terminal spmvs Sur&ce ookmtes are n^mded, delicate, iraJewvnt, 
and almost ttansjarent, with entire or thsbth- CTenated edre. Deep colonifw are small, 
bicoDTCi or imgnlar in shape Foments mannitol and xvkjse Not pstbegeme to 
guinea pigs. (See von Hibler 190S HaD mid Matsnma 1934). According to HaH and 
Dnffett (1933) both Cl (crtiupi and CL AwtoJyfKWn are microaerophihc rather than stn'^r 
anaerobic, but spores are formed only unda anaerobic condiUam. 
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Cl telinomorphuw — ^Descnb«l hy Sldotosb (1917) as Typo I\ jlllorp?wlogically 
resembles Cl Ictant, but differs in coltmal and biochemical ch-vraetenstics , fails to form 
a specific tosm Surface colomes arc small, flat irregularly round, and almost trans- 
parent , deep colomes are small and irregular in shape, but aro not irooUy or branched 
Non pathogemo to guinea pigs 
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CHAFTER 37 

MISCELLANEOUS B^CTEKU 


\\ E mclnde m tlus chapter a nomber of organisms which, for one reason or another, 
cannot jostifiabl^ be allotted to any of the named gronps * 

The Morax-Axenfeld BaaSiu. 

Hus organism! which u responsible for nibacnte or angular cODjnneimtis in human 
beings, WM described independently by Morax (ISOC) and Axeofeld (IS97). The name 
B tannatus was suggested for it by Ey» (tOOOy. 

SIOBFBOLOOT — In films of the conjoDctiral secretion it occon in the form of rods 
S-3 fi long and I fi broad, with parallej or sbghtly coarex aides and rounded enda. The 
kecilli occur in pairs, placed end to-eod, and sometimes in short chains. They are found 
free m the cecietion, or withm the polymorj^onncleor and desquarnaied ^tbcIiaJ cells. 
Ther are non motile, non fponng, Gram oegatire, and except for the absence of a capsule 
they closely resemble Fncdlandcra pncomobaciDos. In old cultures pleorsorphie fornu 
are numerous, ranpng m aixe and shape from short atuslcd diplococeal fomu to long 
]0iDted orfilaDratoas,somctimesfuaform threads (Erre 1000). 

CuLtiea-noN— Growth ocenn only is the presence of tome 
natmal animal protein, neb as serum, blood, or ascitic fitud , 
there is no derelopment on ordmarc natnent agar or potato 
nor in broth, millr. or gebtm Development u on 
FUdea’ agar and oo senuo or egg medium , it is poor on 
blood agv and very poor on chocolate agar The oiganism 
is said to grow oolr between 30’ and 40* C, and to be strictly 
aerobic. Out own Imuted expenence su^csts that some 
growth toay occur below 30’ C., and that under anaerobic 
conditions on favourable media slight but definite growth mar 
be evident. Oo eenun agar plates after 24 hours at 37’ C. the 

Pjg 2JJ jioim Axrc colomea are round, op to 1 mm. in diameter, raised, gievish, 

F£U> sactxxrs and traiodarent . during the next few da^-s they mcrease m 

Surfacecolomesonlildea' sue, leaching 2-5 mm in diameter, and berome difietentiaied 
agar plate, 24 hours, into a slightly raised opaipie whitish centre, and a thin, 
37° C (X 8) translucent penpbery with a lobate edge , the medium be- 

comes pitted omngtobqticfscticiiiof theferum OnbocSers 
serum no actual colomea are Tishle, but the whole sut&ce u coveted with pits of 
liquefacbon — hence the term famna/ur On Fildes’ tear after 24 hours at 37* C the 
colonies are water clear, amorphous, kiw convex. 0-4 mm or so is diameter, with a 
smooth glistening surface and entire edge , after 4 days they are larger, and are differ- 
entiated into a smooth, raised, central papiOa and a wide, effuse, granular, dull, trans 
parent, peripheral extension with as irregularly undulate margta. The central papilla 
may be so email and thepenphcral portMO so transparent that the colonies are difficult 
to see By transmitted hght they have a IrObted g^ass appeaiaiice On horee bVxA 
• The terms Bad. ptttvmoftnbi and Sad grumJofu are used for eonveaience but it must 
be pomted out that neither of these orgamass b^ougi to the Eartenei* group aa diSned oa 
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Bgar thn colonu’s of Bomo gtraina are ramHuidcd by a fairly wclo zone of inconiplete 
liimoli-sui, tliougU no solublo baniol^-jin la formed in fluid media {Oag 1942) On Dorset 
egg low convex colonics nre formeil, wlucb lead in afe* days to slight pitting of the surface 
There w no growth on SlacConkcj agar In Bcram broth after 24 hours at 37* C , there is 
a uniforni turbidity ; later a greyish white deposit appears, and increases for 6 to 10 days, 
after which the medium clears, tho whole of the growth sinking to the bottom of the tube 

RisisTiNCE, BiDciieiQCUL IltiCTtONS, AN® PATBOflXNicrTT —Cultures m serum broth 
live for weeks at 35* G, but die in 49 hours if left at room temperaturo. The bacdlus 
is killed by moist heat at C8* G in IS nunutee, and is apparently very susceptible to zmo 
eslts, wJtfcft hare an aJntost apeedfe action la treatment of angoZar conjunctivitis. 
In our eipcncnco no sugars aro flnuented Gelatin may be liquefied and litmus milk 
becomes very slowly alkaline, though according to Oag (1912) acid is produced Nitrates 
arc* reduced Calalase is negative No indole is formed m scrum broth cultures even 
after 7 days According to Oag (1912) antigenic diScrenccs can be demonstrated by 
acglutmation between hsrmohlic and non haunoi^tic strains Tlio organism is non 
pathogemo to Laboratorj animals, whctlier inocubted into the conjunctival sac or directly 
into the tissues , but a drap of culture instdlrd into llie conjunctival sac of a healthy 
huTium Volunteer gives n-iu in about 5 days to a typical attack of angular conjunctivitis 

A Binubr organism li dupler wws described by Petit in 1900 who isolated it from 
cases of conjunctintw a.s.socute<l with comcftl uleeratimi It differs from the Momx 
Aienfeld bacillus tnamly in its abibty to grow on Dunlia without Uic addition of natural 
animal protein (though no growth mat occur in ordinary brotb) m its development at 
room temperature m its liquefaction of gFbtin,andlnitsmore active digestion of Loefller’s 
seniin, « hicli it liqiiefim in 3 or 4 day's It h abooaid to be anCigcnically distinct (Audureau 
1910] On aaeitio ag-ir It pves rue to convex notnmboiute colonica which are greyish 
in colour, VISCOUS and not so tninslaecnt aa thonc of the 3Iorax AzcnfelJ bacillus 
\noth<r organism which isclosi tv nbted to if not identical with tbe Morax Axenfeld 
bacillus, was isobted bv Jones and lattlo (1923) from cattle suffering from aciito con 
unctiTitis aometimea complicated bt comeal ulceration It u said to bquefy gcbtin, 
and to piuducc alkab m litmus milk 

CL.i4sincATJON —The cbasifiealion of lliesc organisms is still m doubt (see Chapter 33) 

I wolf (1039) suirgrated that they should be groujwd m n now genus called iloraxtUa 
Audureau (1040) accepts tlus suggestion and recognizes threo main species Incunnta 
duplex and iforaxeUa laeunata grows only in tlie prweoet of scniin Moraxella 

duplex grows m the absenci of serum but not m syntlictic media , and JforozeRa hco£l 
which was isobted by Audureau from patients affected with conjimctivitis will grow m 
a synthetic medium free from protein and ammo acids provided a bttlo carbohydrate 
IS a<lded to j rondo energy 


Bacteriam pnenmosiotes 

Isobted by OhUky and Gates (1931a, h.c, 1022a, 6) from the nasopharyngeal washings 
of patients in the early stage of inilocnza and since observed by certain other workers 
(Hall 1926) It IS a very small oigonism and is capable of passing through Beikefeld 
N and V candles. 

MoRpnoLoay — In Smith Koguchi medium on firat isobtion, it is described as con 
Slating of mmul® bodies, arranged singly, in pairs, or short chains, its length is given 
as 0 15-0 3 //, and its breadth as two or three times less After subculture for some 
time in the laboratory, the organisms appear in dextrose peptone broth as plump rods 
mth rather pointed ends arranged in pairs end to^end, and m fairly long chains. It 
may be 0 5-1 0 p long , it stains more deeply in the middle than at the ends Our own 
observations on one of OLtaky and Catena onginal atraina, grown anaerobically for 12 
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dayi on blood sgAf. *Iiow that it is a Terr casaD e^rairht rod-*haped orranisio, 0-5-10 p 
long by 0 2-0 3 p broad, wjth parallel aides and rotmded enda , it ti irracged singly, la 
pairs end-to-end. and in srsall dtw* grou ps , irregolar loitm arc seen , it stams 
rognlarh with the ainal amlme dy«, is Gram-negatire. and non tnoliJ» (iTg, SI3). 

CrtTTKaLLr, (he organwa can be isolat'd onlr 
in hnuth Nc^nchi medinm (homan asntis £aid 
containing a js*ce of stenle nbl^t hidser, and 
C OT e nd with a vasdine seal) > bat after tine or 
foor nlciilt&res in this medinin it can be bronzht 
to grow anaerobinally os blood agar, chocolate 
agar, Fildes* am', Bordet s mcdiam, and certain 
other tnecLa. 

Satii J/afiaet ei 37^C~A. tuici hare 

beecines Tisiltle aronnd the kidney aboat th* 5th 
dar. and reaches a sboct tbe Sth day, 

when It 13 3 ein. deep. These appearances are not 
ehar»ct«Ti5tic ; they o*ten appear in onicoccilated 
tube' 

Hor^t Biooi Af3r-—1 dayt, 37’ C Boond, 
eonrex. milky white opaqae eolonie*, 0-5 nn. in 
djnjeter, of amorphoni s«rnctarc, and with a 
csiooth ctitii»n»r.g rorface and an entire edg* ; 
tratyrDOS in oomuteccy and easily eaolnfied , no 
Lei^lysu. 

Uorti Blood Afif or CKaxioU Agrcr Slopt. — 12 da^t, 37* C ShghtJr raided, partly 
eonfiaest, ghrteoiflg growth with an imgnlar rorface, dee to uaperfeet foaca. and an 
edge made np cf rery Uoy discrete colouea. 

Bc^deCt J/e^iem.— L3 da^t, 37* C Shghlly raised, coB2B*et, gLr'enisg growth with 
a finely ptted mfaee. 

Clytt^ Bfj — 7 disyi, 37* C Good, ehghtfy raised, gLrtemcg, rucotts g ro w t h wiih 
a smooth sarfM and an entire edge. 

Lo'f.cr'* Senirt.— 7 dayr, 37* C SlmlW to growth on {^yreroi e^ Vnt tiot so aban 
daoL 

Tryptntud Htari Ajv Slopt, and GJyxroi Ajar Slopt - — 7 dayr, 37* C Bather poor, 
slightly raised, conSnent, nearly ooloorless, translncest pnwth with an u r eg id ir rorface 
doe to unperfect fazxm , edre made op of «"?!>■ coIoiLea. 

Trypnni-ed IJtari Broth — 7 dayt, 37*0 Poor to moderate, mufona torbidjty. with 
a moderate, hiohly Tiscoos depcist , which, on thakmg, coheres m a ropy mass and is (hiScnlt 
to dismtegrate. No rorface growth , ehnhlly aramaUc odour 

FSdu Broth. — 7 dayi.ZT* C No torbiditT, but aLght powdery deposit disintegrating 
on shaking. After 14 days the deposit la nscom, cohnmt, and iLSeoIt to diimtegrate. 

hitrali BretA.— 7 dayt, 37* C Shght tarfcdjty, moderate, Tieeom deposit, dian- 
tegrating completely , no eor&ce growth. 

Savm Brcth — Growth fimihr to (hat in heart broth. 

Colt Broth. — 5 day), 37* C (Prepared br growu g a etiain of Bvd. alt in 1 per cent 
dextrose broth till the £r< eign of ttir!»dity appears , the coltore i5 then steamed for 
half an hour) lloderate to deiae tarb-dity, moderate Tiscom deposit, reiy d.2iealt 
to disintegrate 

Bxsrszaxcz.- — Cultores in Smith-NogocLi raediom, after 5 to 7 days’ incsbation at 
37* CL, remain nable at room temp er atorn for 2J years. Oil turta in eoh-lsoth become 
stenle in about a week. The orgamsas withstand fregnng. and drying la tone, and 
appear to remain alire for a long time when dned. Infected longs of rabbiU, kept in 
50 per cent givcerol at 4* C, remain Tindeot for 9 mcmlhs. The organism b ibatroyed 
by moist heat at 56* C. in 30 emotes, and hj chlorcform yapoor in 1 to 1 } hoara. 


Fio 212 — Ba<f«n«w parawio- 

nniti 

From a surface growth on blood arar 
aoaerobicallv 12 dsyy 37* C 

(/ icro) 



mSCELLAHEOUS BACTEBIA 


Indole u not fonned ; nitntes are redaced to nitrit£a ; and gtUtia is not iKjneSed. It 
is destroyed by beat at 57* C. in 10 Bunntes (Olitsky 1930). Tbs otsanisia is itca-|atbv 
genic for laboratory animals, but ^ben inoeiilated eobccmjonrtiTally into rhei^s raonievi 
it gjres nse to a granular conjimetiTitis simnlating tracbos^ (see Chapter So). fF« 
a fnBer description of tins organism ee* Xocadsi 1923, TBdsn and Tt1« 1930.) 

AGram-negatire baciDasaisialating fieri, grmtdosvr in many respects baa been describe 
nnder tbe name of BarL fimia by Olitsl^, Syrertfm, and Tytr (1933), arbo isc&ted h 
from monieys eaffering from spontaneoas coaisneUyal (bIHcckjsis. TJV*. Bid. 9ra«ula»v», 
which it resemblea in me, it is motile by a single polar flarellam, predneea a nebsktss 
opaaty in leptospiral medmm, frila to grow anaerobically, ba« an optimnm growth tem- 
peratnre of 30® C., and is non pathogenic for laboratory animnU It differs, b o w e y re . 
from this organism in haring a capsule, in growing on jdain nntrKst agar, in fremeating 
different carbohydrates, in fallmg to ledaee nitrates, and in ahowinz no a^latinaticm with 
yranvions antisera. fVhat relation Bad. fronulo^is and Bad. n'nia bear to Duaej’a 
baciUns, and to tbe eaactii^ memben of tbe nswtop^ila* groop, has still to be 
determined. 

Bact. alkalizes and Vibrio alkaligesea. 

Petrnschky {1S95) isolated from htunan faces an OTganlsm that prodneed an 
alkaline reaction in certain media, and was named by him Bad.facalis alhiVyt\e4. 
It was described as a Gtam-negatire badUos, and has long been included by most 
anthonti« in tbe genus Bacterium onder the name of Bad. oUal^vnra. Tboogh it 
appears to be an almost constant inhabitant of the intestinal tract of man, this 
ergamsm may give rise to infecdons of tbe enteric type fPetrnKhtr JS95, Hint 
1917, Khaled 1923). 

Tbe characters osoally ascribed to Bad. are as fi^ws : Tbe cells an rery 

ranabk in size, but are osoally longer tod thinner than thoee of fii'l ttSi (5-7 ft x(ht ft), 
and the ends are bss de£ait«ly rounded. Tbe toeilli an motile, with pentzkhate ffigeD^ 
The colonm oo agar are fiatter than those of ficef. celt, and sure contoure d , with a rased 
central portion and a •prradmg osdulate edge. Xeither acid rwr gas » pcodsccd in aOT 
of tbe usual test eabstratra. litmus b l endei e d tlroa gly alkaline. A dAracteristk 
brown coloor U produced on potato. 

Many of these characters are rery onlike those of tbe genus Baderian, and doubts 
hare been feecpently expressed as to its teal systematic affinities. A recent Study by 
Xybefg (1933) raises eren stnmger doubts as to whether the etraios that hare been described 
under this name can be regarded as forming a bacterial species. Nyl»Tg examined with 
great rare 131 strains labelled Bad. altoli^ts. and was able to distiz^nkb among them 
two quite distinct forms, and a number cf les well-differeatiated types. Tbe form for 
which he would res er r e the name Bad. oUol>70ies is a short, thick bariHas, nniaSy mo- 
motile or yeiy feebly motile, bot possrasusg in most cases poorly formed peritrichale 
flagella. It fmls to ferment dextroee, IsruliEie, Uctose, maltose, aaccharose, rhamnois, 
xylose, arabinore, mannitol, eorbited, dnlatol, tnoslol or saScin. It does not form indole, 
and It produces no change in rmlk. Of the 131 strains examined, 71 were of this type. 
Nyberg notes that description does not agree with that given of BaeL allaBf^is in 
many books and papers, and that it is impossible to be certain that his strains eorrrapood 
to the orrani«ia originally isolated by PVtruodilg-. He conriders, howerer, that th«y 
probably beloi^ to the same speews, and that the name must certainly be giren to them 
and not to the type to which ids other strains bebuz. 

This second typ»* is a long, thin, sbgbtly curyed rod, actively motile by bplxitnihate 
flasella. It is therefore not a barillas, but a ribiio. Utilike tbe fanner type, it t«yl-ra 
a deitrcee medmfi slightly but defiiat^ alkaline. Xyberg regards this organiaa as 
identical with tbe TiTrib aHali^e* of Lehmann and 27eumann ( 1 S96) ; and there woaJl 
seem no doubt that this is its proper name. It also seems y«y probsble, as hyberg 
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emphasizes, that many of the strains tlat hav© been isolated by various vrotkera and 
have been given the description snmmanzed eariwr were Fibrio altaZijenej notBactenum 

oUnli^nej 

It IS worth noting that as pointed out by Conn (1912) failore to produce 
acid m a glucose medium may be due either (1) to non fermentation or (2) to 
ntilimtion of the glnco'^e eo completefy^ that there are no by products capable 
of giving an acid reaction except CO, which in a buffered medium will not be 
detected 

Bartonella, Eiierythtozoon, and Grabamella 

Various bodies have been described by different workers m clo'e association 
with the red blood corpuscles of man and animals suffering usually though 
not always from certam types of an-rimia The evidence that Bartontlh and 
Epcryihrozoon are bving reproducible tnicro-orgaaisms capable of ginng ilb under 
favourable conditions to disease is now very strong but considerably less is known 
about tbe Grahaiiicllo though there is increasing reason to believe that the«e 
bodies al«Q arc definite bacteria Theintcrestthat Bartonella inuris particularlv 
has stimulated of recent years is due to the remarkable part played by the «pleen m 
the normal defence mec^uism of the host («ee Chapter "9) 

Some authors regard the organism cnasing human Orora fever as geiiericallv 
dutiuct from the organi ms responsible for infective anremia of animal* The\ 
would clarify the first as Bartonella the remainder as UcmolxiTiotella The 
distinctions between them are sutmuarued a« follows Bartonella be<ides inv \duig 
red blood corpuscles is able to develop in fixed tissue cells and to cau«e a «bn 
eruption it la moreover insusceptible to ar«emc preparations Htfniobarlonella 
on the other hand is aaid not to grow out«ide the blood it rarely produces di.ease 
without removal of the spleen and tbe <livea«e it causes is infiuenced by arseno- 
therapy (<ee Weinman 19U) Whether these differences are sufficient to jnstifv 
the establishment of a separate genos for tbe ammal bartonelice is very doubtful 
and for tbe pre«ent we shall group them all under the one genus Bartonella Though 
we «ha!I refer to only three species of Bartonella it may be mentioned that numerous 
other «peciea have been described infecting gumea pigs vole* squirrels hamsters 
opossums, rattle buffaloes and other amnials For a review of Barfonelta and 
Epetythro oon the reader is referred to the monograph by Wemman (1944) 
Bartonella bacilliiorcus 

This oigamsm is a small bacillus, which invades th« red blood cells, and is responsible 
for Pemviaii Oroya tever and for verrasa peruana (see CSiapter '9) It was called 
BaTtonellalaeiUt/ormte by Strong and his coUeagure (1915) in honoor of Barton who was 
one of tbe first to observe tbe baciUns In the red cells. Ivoguchi and Battistmi m 19'’G 
cultivated tbe organism and reproduced a disease u monkeys bearing a close resemblance 
to the natural disease in human beings The oigamsm was recovered in pure culture 
from the blood of tbe mjected monkeys. 

ilorphologicaljy itt culture it is a smaU pleomoipbic bacillus, vaiying in length from 
0 3 2 5 /i and in breadth fioni less than 0 2 to as much as 0 5 Dumb-bell forms pre- 
dominate and cocco d forms are common It is arranged smgly and m dense masses 
It 13 motile Gram negative and stau» reddish violet with Giemsa Cnltivation can be 
effected on a vanety of media such as the semi-sohl serum luemoglobin agar medium 
used for leptospine orablood glucose cystinei^rfJuneneil'l-lO) oraSpercent proteose 
agar to nhicb 2o per cent of fresh d fibnnated blood or serum from the rabbit or sheep 
IS added together with 0-- per cent, tf an ascorbic aod glutathione solnlion (Geiman 
1941) Though a high proportion of natural animal protem favours growth it does not 
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appear to esaentuL Jimeoez {I'M©) forexvnpSp ftate« that gtod crowlh waa 
on 1 per cent gtvterol info-Ton ajar prondtd the \ iboazh not the V fart« («ee Chip!#- 
33) was added. On solid ni«Li growth *n»T ejcenr ta -t-o daes either as eiBute emda. 
dear tnnccttd colonies, or as an opaqoe findr grannJar nmwsd Plm that has a tendfner 
to outgrow the oncinal bcnmdanes of the tsocnluis (JiEi«« l^tO). Ih- ce-asna »« 
aerotir gro ws weS at 2o-3“* tbot^ bes* at aboot 23-£s’ C- prere*w a pH o' "■ S, 
and EorMrcs in etdtnres for 1 to ■* months ftat-rtco and Wanaan (193") (band ths* 
in tisfne collurw the orguus’ns, entil e Bictdirn grew ertraceHaladT’ as w^ as istm- 
cellaiaHr Growth crcisrs also in the aHantoie fiajd ^ tb* derelojaisg thick em'Tvt) 
iDcnhated at 25” Sa’ C., hut this medium is nnsmtaLle for «enal cnltiratios (Jinj^aa 
and Boddirgfa 1*4^1). Injected nrtra- 
renottilrialo TemneriefastnonheTS tb* 
crganisTi girrs nse toa peculiar tnrg u 
Urfr femiltenl tjpe erf frm- soffiftenes 
accompanied bj se vei e aaeaus, m- 
j^fd istradrrsiaCT into ths ej^row 
It gives nse to a aodsile rv^i in ceUalar 
tk-menU and cajtDarv focmatjcsi. (Tor 
fnr*hcT d'scnptioD see Noguchi 192o 
KH-irth 1931, IVtabra lIOs.) 

BaitoseQa asm 

This organ «a was fir*t de«enhed 
l>v Mam who foond it a the 

hkiod cells of nts expenaea^aUT m- 
fee'ed with tT^pasosoBie*. Mor^ 
feocwll/ It cloaeir ws eohlaa Bart'^tSa 
lotStJiirnu It 1 $ acttrelr laotiSr a 
colrore media, and fagsHa hare been 
demonstrated. On blood arar suiBte 
cokauca appear la 4^ boerB, and pads- 
aOv increase lo ure tmafter a f«^daTS 
thrr tralrsce to form a thm EIsit 
teoacsoBs growth cn th* •es&ee of lh« 
medinm. The blood is not h«iK>lv«ed. Caltoies oa solid mecLa have a sweet oAijsT 
resembling canned pmeapplr TbcophmiiaitempersttireforgrowthisSo C. In iaf*cted 
blood the orgamsas are de*tioved expcasie to a toinjuaatine of £^® C, for 3D 
mmnfes (Ford and Ebot 192») bit remain vini>ot in tb” fro«a «tale fee at feast 1 1 weeks 
(Kessler 1912) Pure cultures icaxnbted into epfeoectoisized rata pve rise to as gmi* 
(aee Chapter "9) The organism is (anlr comnioa to rata, rauanz an infeetKn which 
DormsHv remairo latent but whi^ c*n be activated bv splm^oav bv pociwis fath 
as tojoyfeT wtmnme and bv certain infectwos (few geOMl de«npiJ>wi see Lauda and 
ilarvts 1*’'*5 3Ianaor«ton-Gott«inan and Peris 1932. KitnJi 1931 1934) 

Bartonella cams 

A samilar oiganism baa besi described under this name br lukutb (19-S), whi h 
IS respcnsible for inf=ctiona ani^rrn^ of dogs. In the led cells the oiganissm are lerv pibo- 
mc^ghie, large and coccoid and rod shaped forms besag ae«i. KTku th was na«e- 

cessfol m cultivalmg them oa artificial madn. ('fee Kikntb 1921 Perard 19^ Lweff and 
Provtet 1929 ne^ndani and Ifeicbcnow 1932, and Cfcaptcr “9) 

Be-idrs tbe speetes alreadv io«itjoTed dSarloaeBs tos leen Ibo^ inffctins varioos 
rodents in diffrent parts of the world raookevB and semw other m imms l s in 4a>enc». 
and cattle m and Palestine («ee Pjttalaia \^'>) Whether th>«e otgsnaTns d-serve 

*pea5e rank or not must await farther etudy 
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Orranisms is red blood cells of rat (x IC^Ok 
[Froni epeeusen kwdlr vopjiied br bte 
Prafeasor J G Tbomson.] 
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Eperythrozoon coccoides. 

This 18 a parasite of mice which was discorei^ independently byDinper(1928, 1929), 
and Schilling (1923) A considerable proportion of normal mice appear to be mfected, 
but the organisms are rarely found nnWA the apteen is removed 1^ to four (laj-s after 
splenectomy the organisms appear in the blood in the form of rings or discs stuck on to 
the external surface of the red blood oorpuacles, and staining a bluish purple colour with 
Giemsa Unlike BariontUa mvrta, they have a preference for polychromatic red cells 
They may persist in the blood for weeks or months, their numbers varying from time to 
time Beyond produemg a ahght degree of aiuemia, they seem to bo without anj very 
definite effect on the animal hlice infected with Eperi/ikrozoon eoecoide-$ are susceptible 
to BartontVa mvns ehowmg that the two oigamsins are distinct (see also ifcClaakio and 
iMien 1934 Schwets 1934, Marmorston 193S) In contrast to BaiioruUa Eperythro-wn 
13 round m shape with numerous annular and disc hke elements , rods are rare and arc 
seldom m chain formation The organisms have not yet been cultiiatcd Infection 
appeara to be spread by lice Numerous other animals, besides mice, are habic to infection 
with EptiyOirosoon (sec A\einman 1944) 

Grahamella 

This parasite was first described by Graham Smith (190S) at Cambridge who observed 
it in the red blood cells of 10 per cent of moles that were bemg exammed for Piroplama 
Since then it has been found ui the blood of seventl other arumals The organisms appear 
as longer or shorter rods of irregular contour lying within the red corpuscles Though 
rcsemblmg BarUmtlJa, they are much coarser, and men, hke ordinary baetena With 
Giemsa they take on a blue rather than a reddish tint Only occasional red colls are 
affected According to Jettmar (1932) they can be cultivate on serum blood agar 
They appear to be non pathogemc and to have no effect on the health of the host In 
the rat 'I’assihadis (203J) baa been able to transmit infection fivm one animal to another 
in senes In most animals splenectomy haa bttle or no influence on infection though 
the rat is said to constitute an exception (Vassihadis 1935) Ectoparasitee, such as bee 
are probably responsible for the natural transmission of infection Unhke Btirfone/la 
mum, Oraiametla seems to be resistant to arsenic (see also Kikuth 1934) 
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CHAI*TER 3S 

THE SPIROCHETES 

The name Spirochcete was first gmn bj Ehrenberg in 1833 to a large flexible motile 
organism occurring m rrater , it w now used as a general terra for all elongated, 
motile, flexible organisms that are twisted spirally around their long axis Though 
the spuochsetes vary greatly m ■'tze, they all posse«s certain features in common 
thus they possess no flagella , they exhibit no antero-postcnor polanty (> e they 
can more either forwards or backwards), they contain no colouring motter and 
no cyatophycin gtamdea , they show no defiiute localized nucleus they dmdc 
transversely, division being either oinple or multiple , and they exhibit no sexual 
pbeDomena of reproduction These properties bring them closely into bne with 
the Bacteria, to which they are more nearly related than to the Protozoa Indeed 
aa Dobell (1912) points out while there are 
many features in which they diflet from the 
Protozoa, there is only one feature that 
diflerentiates them from the bactena, namely 
motility without flagella Even this differ 
ence la now subject to doubt, since studies 
by the electron microscope on some of the 
tieponemata hare revealed fllamentous 
bodies that may be interpreted as flagella 
(Mudd, Polevitzky and Anderson 1913, Wile 
and Kearney 1943) 

Withoutentennginto the disputed ques 
tion of their classiflcation it is convenient 
for descriptive purposes to dmdc the 
apirochffites into four groups — Sp%TXKh<rta 
Crwfwpira, Treponema, and Leptosjnra 

Spinebsets — Tie tnemhees cl this grettp possess sa sxjsl Shre, seoand trhtcb 
the body is twisted m a spiral manner, m just the same way as a spiral staircase is 
built round the newel The organism possesses a senes of regular pnmary spirals , 
dunug motion a senes of secondary waves may be supcnmpo'cd on these but 
whate%er fonn the org'inisra as a whole may assurae, the primary spirals remain 
intact Metachromatic granulea of rolntm arc distnbuted uniformly throughout 
the length of the organism The type species Spiroehala pltcalilia thrcnlx*rg, is 
usually 200-500 ft m length and 05-07 ft m thickness {\\enjon 192C) The 
number of primary epiraU is 100 to 250 the distance between successiie turns 
being about 2 ft So far no mcmliers of this group lia%e been found to be capa! le 
of causing disease 
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Cnstupira. — ^The peculiar characten«tie of members of this group is tl c po*seapion 
of s band like membrane or emfd vbicli nms in a spiral manner along the organism. 
This membrane is extremely thin its width is much the same as that of th* 
organism itself except at the ends where it narrows down to fuse with the “urface 
pellicle The body of the organism » divided mto chambers by septa of thickened 
cytoplasm and on either side of each septum or sometimes distributed irregularly 
through the more fluid cytoplasm in the chambers are a number of metachramatic 
granules The type species Cmtupiro holbianti is fonnd m the crvstalline strle 
of the oyster it is about 45-100 /< long and I-l 5 broad (VTenyon 19‘’6} Other 
species hare been found m a similar situation in other MoUusca 

Treponema. — Members of this group possess neither an axial fibre nor a cneta 
According to some ob'«erTers the body is dimded up into chambers like that of a 
Crwtuptro but this is by no means certain The presence of metachromalic 
granules is doubtful The organism shows a number of primary spirals which 
may be closely or loosely wound during morement secondary turns may derelop 
but at rest these disappear so that the organism is straight The ends may be 
rounded or pomted and in some members it is possible to distinguish a thin drawn 
out filament at the ends , this is probably not a true flagellom but the tcmains 
of the thm connecting bridge of ejioplasm that is *eeD donag transver*e division 
Electron micrographs (Wile rt of 1942 ^Vile and Kearney 1943 Mudd Polevitiky 
and Anderson 1943) show the pre«eDce of a delicate ceU wall or penplast enclosing 
the inner protopb^m. Dense granales 40-90 in/i m diameter are often seen in 
the protoplasm and large irtegubt spheroidal bodies 150-500 m/i in diameter 
may occur attached to the cell near the end or connected with it by a short stalk 
What hare been interpreted as true flagelb may be «eeo o^en in groups of four, 
along the sides or near the ends of frep jaUtiun and Trep mnc^eiifium. 
Trepouemata are widely distributed numerous species have Imn described m 
water m the gut of certain insects such as white ants and cockroaches and in the 
large gut of the toad in human bemgs they are found in the mouth, sometimes 
in the alimentary tract and the bronchi arouiid the nrethral onfice in ceitam 
ulceratmg conditions of the skm in condylomata in the blood of patients with 
rebpsmg fever and m the manifold lesions of Thev varr considerablv 

in sire thus Treponema termihiu Leidy is 20-fiO ft long and 0-5 ft broad on 
the other hand Treponema parrum may be only 3 /t m length and 0-2 p m thickness 
pobell 1912) 

Leptospira. — ^The members of this group possess neither anal filament nor 
ensta their cytoplasm is not obvicnisly chambered They show, howeve” a large 
number of closely wound primary spirab this differentiates them from the 
treponemata, the spirals of which are fewer and less closely wound, iforeover 
the lepto«pirsB frequently have their ends turned round at a sharp angle to the re»t 
of the body When the organism is at rest the ends appear characteristicallv 
hooked but when it is m motion rotating round its long axis the ends take on 
the appearance of button holes the narrow pointed en 1 of the button hole being 
attachedtothebodyoftheorganism thewiderandroundeileud bemgfree Daring 
motion secondary curves often appear and disappear in rapid «nece^on giving 
the organism a resemblance to a C O S or other curved letter The primary 
spirals are absolutely regular and remam intact throughout all the various con 
tortious executed by the organism as a whole The leptospirm are widelv dis 
tnhuted m water and can be eady demonstrated in it by simple cultural methods 
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(Ilmdle 1925) They are found m the tissues of patients with Weil a disease and 
other leptospiral infections In length they vary from about 6-85 fi but are 
gencnll) about 9 12 /t their thickness w only about 0 1 /< The length of the 
mi Idle jortion is %an'ib!o 1 ut the hooked enU are always of about the same 
size suggest!! g tl at growth may occur only in tl e middle portion (Z lelzer 1925) 
^o internal structure can be distinguished in electron micrographs nor can flagellum 
hke bodies similar to those obscri ed m some of the treponemata be seen (Morton 
and Anderson 1913) 

The brief account that has been given of the different groups is necessarily 
dogmatic and it may well be that further work wiU necessitate a revision of our 
present classification 

GeNERAT, ClURACTEBISnca OP THE SPIROCafiTES 

Morphology — ^^\ ith the exception of the structures seen in electron micro 
graphs of some of the trepoi emata («ee p 908) spirochates are generally regarded 
as being without flagella the) are ncierthcless motile Three kinds of move 
ment are gcnerall) described (1) Moicments of flexion in which the whole 
organism undergoes a change m shape As a rule the natural shape of a apuocheete 
at rest is straight but during movement all sorts of twists and turns may develop 
one form following another is rapid succession but each one tending to return to 
the normal straight form During these movements of flexion the primary spirals 
renis o unaltered (2) ^fovements of rotation around the long axis these are 
dilTcult to see unless the ends of the organism are bent at an angle to the mam 
axis when the rotatory movement is especially apparent When the rotation is 
Very rapid and when as in Leptosjnra Uie ends are booked the spirochete may 
take on the appearance of a spiral thread with a button hole at each end (3) 
Movements of translation by which the organism changes its position moving 
from one place to another This change in place u probably dependent upon the 
rotatory movement which acts like a propeller dnving the organism forwards or 
backwards according to the direction of the rotation 

Different spirochaites vary greatly m their activity some for example exhibit 
Very active movements of flexion lashing furiously m various direct ons but 
making very bttle progress from their original position others dart rapidly hither 
and thither rendering their ocular puiauit almost impossible 

Multiplicat on occurs by transverse fission It is not clear however whether 
the organism always dmdes in the middle giving use to two shorter spirochaetes 
of equal length or whether division occurs at tunes asymmetncallj According 
to Segum 8 (1930) observations on Trep caUyyntm and Trep galhnamm and 
Manouelian s (1940) observations on Trtp pallidum asymmetrical division at 
least in cultures is not uncommon the shorter cell seen after separation having 
only two one or even less than one complete spiral Again whether the la^e 
knob-like bodies seen attached to some of the treponemata play any part m repro- 
duction la still doubtful 

Generally speakmg the spirochaetes are more difficult to stam than the bacteria 
■’llethylene blue which is usually a eattalutmry bacteria] stain leaves manyof the 
spirochates unstained It has been suggested that the spirocheetea are devoid of 
nucleo protein and to the absence of this sabstaace has been ascribed the failure 
of the treponemata and all the known l^tospirse to stain with this dye On the 
other hand the fact that an organism does stain with methylene blue is no proof 
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that it contains nucleic aad («ee Zadzer 19!^) The spiro'bstes that staji with 
methylene bine are generallv coloured bine bv Giemsa, wiereas those that do 
not are generally colonred red. Bnt the exact tint that resnlta &om Giemsa’s 
stain depends to some extent on the medium in irh.ch lb** organism is grown, 
thus in the blood, Trep rrcvTrerJis stams blue with occaa.onal reddisb grannies, 
whereas m cnltnie it stains red In the Ufgci spirochEtes it is posaUs ly »ath 
stains as Giemsa’s and iron hsematoxylm to bnng out the finer details of sLiucluie, 
bnt in the «maller onea this is practic^y impossible. The reaction to Gram s stain 
IS negatire, though this stam is isrelr osed m practice. 

Fo' the demonstration of spirocluetes in tissce-*ectiocs Levaditi s method is 
one of the most suecessfnL It depends on the ability of the organisms, when 
treated with silver nitrate followed by redortion with a terznol pvTOgalhc acid 
mixture to become impregnated with metalLc silrer, and therefore to appear 
blacL Fo the demonstration of spifochstes in films the Fontana method of sSver 
impregnation is mo®t Uj^fnL 

Manv species, pmticnlaily ih- Uptospure, are able to pass thionnh the usual 
bacterial filter candle^ This property they owe to their extrem* tennitv Exact 
measurements hv Hindis and Elfo^ (1933). made with graded collodion m^mbran'S 
«how that the width of Trep paUiStan u about 0 2 p and of Lfplo biJUxa Ol p 
Use u often made of their filtrabOity to separate them from contaminating hactena 

CnlbraboiL — ^The cultrvatioa of spirochstes la n/rt> is not so simp’* as that 
of mort bacteru Nearlv all the methods that have proved *ucee«^ involve 
the Use of a medium contammg native animal pro'em, such as blood, serum or 
ascitic fluid Whether this acts eh»nucallv as a nutrient material or phy ically 
as a protective colloid preveotmg the oigamsms from being poisoned bv the 
products of their own metabo b m, IS not clear A. further requirement for manv 
■pirochietes is a low oxvgeo presjure this is obtained bv cnitunng them in 
narrow tubes containing a high coluisii of mediuin , or by adding a piece of rterBe 
ladney which ptoA’aces a none of anaerohio^ m via utiuhboaihocd flheohaii 
Smith 8 method) It is urual to cover the medium with a laver of parafin oil , 
this was at fir«t bebeved to prevent th» ingress of oxvgea, but it appears now 
that this explanation is incorrect. The beneficial aetzon of the oil probably 
depends partlv on the prevention of evaporation of wate* from the medium, and 
partly on the prevention of the loss of CO, from the medium, which would otL‘*r 
wii« become progresavelj more alkaline (Gates and OIit.iy 1921, Klialer a”d 
Robertson 1^^) Spirochst« Lave been cnJtivated mainlv in bquid or in semi- 
eolid media. Colony prodoeboa on the surface of sobd media und**r aerobic or 
anaerobic conditions has been reported by a few workers (Twort 1921, Gates 
Akqaniow Malhn 1933 S^guiu and Tinrent 1933), but in general little 'Ti«res3 
has been obtained with this method. 

Multiplication occurs rather slowly, and may not be evident for aweek or more 
VThen a clear medium is used, growth may be evident from the appeanmee of a 
faint turbidity, but generally micioacopical examination is nreesarv, parben 
larly for motility and agns of transveraedivisiQB. Most spuoclyet^ seem to prefer 
a “lightly alkalme medinm, about pH 7 2—7*6 Stibccl*nre has to be performed 
every few days as a rule, the exact tune depending on the particular ciganisia. In 
young cultures tl^ organisms are actively motile and under dail-ground iHnism 
stion appear uniformly refractile , bnt in older cultures when degeneratioa sets 
in, they lose their motity, tend to ^^ntmale into dumps, and become granular , 
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the granules, some of -which result from a change m the cytoplasm withm the 
organism, and some of which ate probably particles of the culture medium adhennt' 
to theu estenor. are more hfghly tcfractile than the rest of the spirochatc, and 
show up 83 bright, glistening points Some obsei%ers consider that these granules 
are not the result of degeneration, bat are analogous to hactenal spores, aSordmg 
a means of continuing life under anfavourable environmental conditions The 
e\idence in fa%our of this view u not convincing 

The Isolation of ‘•pirochates in pure culture from matenal m which they are 
accompanied by bacteria often presents great difficulty Various methods may 
be tried, onch as rapid subculture, making use of the ability of some species to 
grow out from the line of inoculation in stab cultures, picking deep colonies, choosing 
media made selective by the addition of a dje or some other substance filtration 
animal inoculation and ‘'O on (see Segum and \ inzent 193S Schuffner 1910, 
Wichelhausen and Wichelhausen 1942) 

With some oiganigms such as Leplaiptra uieTohmmoTThagtm tn vUro culture is 
remarkably successfol , but with organisms such as Trej) -palhdxtm and Trep 
TecvTtenixa it is aot so satisfactory For this reason these organisms are general!) 
preserved by tn wto culture , that is to say, they are injected into a susceptible 
animal, which henceforth becomes a chronic earner, and which can be drawn upon 
at will for a fresh supply of infective material A modffication of the animal 
inocuktioii method, which has proved successful in the cultivation of relapsing 
fever spirochetes and Ltpio xtlenAainorthagta is growth m the dc\ eloping chick 
embryo (aee Morrow et al 193S, Cbabaud 1939, Oag 1939, Soule 1912) 

KesistOQce and Metabolism — Tbe resistance of spirochcetes to mmiical nginciis 
IS no greater and generally less than that of the vegetative bactena Dry heat 
moist heat, and desiccation prove quickly fatal, as do compamtiv ely low concen 
trations of tbe chemical disinfectants It is generally stated that spirochstes 
are lysed by a 10 pet cent solution of sodium taurocholato (see v Ptownzek 1907), 
and all, with the exception of the leptospiuc, by a 10 per cent «olution of saponm 
(Noguchi 1917) Some of the highly parasitic members, such as ITrcp palltJum 
are unable to suivive outside the animal body for more than an hour or tvso 
Indeed this particular organism is extremely susceptible to heat, being destroyed 
in an hour at 41 5® C Advantage is now being taken of this property to sterilize 
thcorgamsms in the tissues by exposure to fever heat temperatures(sce Chapter 81) 
Spirochates in infected tissues maj be preserved alive for several months by keep 
mg them in the frozen state, preferably at about — 78® C (Jahnel 1937 Turner 
1933) 

Practically nothing is known about the metabolism of spirochfctcs Scheff 
(1935), who made observations on two strains of Trep pallidum, one of Trep 
recurrentis, and one of Trep anserxnum, stated that, when these organisms were 
grown m a medium containing glucose, thej broke down the sugar to lactic acid 
and CO| without using up any of the oxjgen 

Antigenic Structure — Antigciucally, spirochaetes behave very much as bacteria 
They give n«o on injection to agglntimns, spirocbtttocidin*. spuocluetolysins, and 
protective antibodies Agglutination tests ate often conducted by the microscopic 
method, and observations made on tbe lo«s of motilitj and the clumping of the 
organisms, which maj occur in radiate fashion Similarly the destruction and 
Ijsis of the organisms that frequently follow contact veith a highl) immune serum 
are generally watched under the microscope The macroscopic method, however. 



912 TBL snrocn£TEs 

IS now used extensively for stndy of the leptospine, and antigenic tvpes are deter 
mined bj cross-agglutination, and aouetuDes cross absorption, tests Protectne 
bodies in «erum are tested for in the usual way by animal mocoL-ition 

A \aluable method of study is afforded 1^ the test described by Rieckenberg 
(1917), known sometimes as iha Ommboe’jtdxmn r^e/ion or the adhesion 
menon It depends on the fact that if a suspension of blood platelets of bacteria 
IS added to a mixture of a spirochaete and ita specific antiserum, and the preparation 
IS observed under dark-^nnd illamioation after preliminary incubation at 30® C 
for 20 minutes, the platelets or bsctena are seen to have become adherent to the 
spirochietes m the form of small clomps. In the presence of a non-specific serum 
no such clumping or adhesion occuia. By this reaction it is possible to distinguish 
rapidly between two such closely allied forms as Lepto Kienhamorrha^xtB and 
Lepto hfbdomadu (Brown and Dams 1927) Living motile spirocbstes are 
required and fresh complement must be present The specific antibody is 
destroyed by heatmg to 72® C for 30 mmntes (Inoue 1930) Pfeiffers test and 
cross Immunity protection tests m animals are likewise of value m distinguiahing 
between closely alhed species, and even between vanants of the same species 

Pathogenicity — The mrulence of spirochstes appears to be subject to considet 
able variation Many members are 'tnctly parantic and give nse to infections 
in man or animals, while others are saprophytic and appear to be devoid of anv 
pathogemc effect. There u evidence, however, that the wulence of the paraaitie 
members may undergo change as the result of residence in the body of the host 
In relapsing fever, for example, the *traios that appear in the blood at the second 
or third relap«<a may differ antigenically ftom the <tmn responsible for the original 
attack, and by virtue of this change are able to multiply u the tissuea of a hoet that 
has become immuoued to the ongioa! parent strain. Again, strains of certain spiro- 
chstes such as Trtp pallidum, may be brought by passa-^ to grow readfiy m an 
animal which at fii^ resists their uvasion. Trep prrimtje, the organism that i* 
ttrponsiWe for yaws, is regarded by marry obMrrrm as mtiely a vametr of Trip 
pallidum which, by residence in the n^o, has developed dcnnolropic affimties (Par 
ham 1922] Besidence outside the body ofcertam parasitic strains may apparenilv 
be accompanied by a fall in mrulence, which renders them indistinguishable ftom 
naturally saprophytic strains. Thus Leplo uterdhaviorThaffKe, if kept m water, may 
become indistmgmshable from Leplo bfflexa (Zuelzer 192o) ^Vhether the virulence 
of naturally saprophytic species ever becomes incieaKd soas to render them patho- 
gemc for man is doubtfuL Baennann and Zuelzer (192T, 192S) have brought 
a considerable amount of evidence to show that Leplo bifexa may be trans 
formed by repeated animal passage into ZepTo Kterohamonfioffia Their findings, 
however, are not m haimonj with the experience of most other workers nor 
with the epidemiological picture of Weil s disease, and it seems probable that such 
instances are due to the recovery in virulenco of a real tderohamonTuiffus strain. 

Though the spirochates may be classified into the free-livmg, the commensal, 
and the pathogenic type®, rt must be realized that there is no sharp Ime of demarca 
tion between the three groups. An oiganism that is pathogenic in one animal 
may be purely commensal in another, and as organism that is highly pathogenic 
at one tiTno to a particular host may at another give nse to no more than a latent 
infection 

We append a descnption of some of the members that are of most mterest to 
the student of medical and veterinary bacteriology 
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Treponema recnrrenhs 
It ilahon — Observed by Obcrmeier 
(1873) jn the blood of patients with 
Enroiiean relapsing fever 

Horpholoffy — Actively motile spiral 
organisms varying considerably ut 
length but usually 10 20 ;< long 
Senes of ^10 fairly regular but loose 
pnmary waves, each spiral is 2-3 /i 
long and about 1 /t ui amphtutle 
(Fig 215) The width is usually given 
as 02-03 fi (Wenjon 1S2C, Hmdle 
1031) but this is probably an under 
estimate Personal observations on 
the o^amsms in blood have suggested 
that 0 4/4 moro nearly represents their 
true diameter t Tins is supported bv 
the observations of TiUlon (1937) who 
found that the limiting pore sue for 
filtration through Elforda gradocol 
niimbranes was 0 57 ft After trans 
rer» fivuon the t«o new oegatusms 
may remain connected by a remnant 
of the pcnplaat Stains purplish red with Giemsa Organisms arc said to be shorter and 
tbinnor m young culture thicker and longer in old (Plotx 1017) 

Cvhimlion — First successful cultivation reported b} Noguchi (lOISe) who seeded afew 
drops of atruted blood from the heart of an infected mouse or rat into a tulx conUininf, 
15 nL of unlieated and unillteted aseitic or hadrocelc fluid and a small pece of stenle 
ral bit’s kidney The blood was taken from (be animal 43 to 72 hours aftir inoculation 
Multipbcation of the s| irochstea in the cultures was visible in 2 to 3 daiv and reached its 
maximum about the 7th to the 9th day No change was noticeable in the medium, but 
actively tooidc epiXQchmtea could bo found in every 6eld arranged eiUiec amgly ui cliauui 
or m masses After about tho 9th day a eudden decrease in their numbers occurred and 
s/hencal bodies and irregular protoplasmic masses eppearud, indicating that theorgatusms 
were undergoing degeneration Subcultures were meet successfully made on the 4th to 
the dth davs Other workers (Plota 1917 Klighr and Itobertson 1922 Smton 1024 
Ijipidan and Sparrow 1923 Yuan Po 1933 Scheff 1935) using Nognehi s technnjue or more 
often a modification of it have cla mod to cultivate rebpemg fiver spirochTtes in niro 
but the results ap/war to have been very irregular {see ilormlcr 1929) , no one appears 
yet to have succeeded in establishuig a culture that can bo continued indefinitely m the 
laboratory (see Soule 1942) Oa the other hand growth can readily bs obtained bv 
inoculation of the chono-allantoio membrane of tbe developing chick embryo (Chabaud 
1939 Ong 103*' Soulo 1942) The spirocliartcs produce no change in the membrane 
itself but m\ ade the blood of the embryo where (hey may be demonstrated bv the usual 
mctlicxls Some strains prove fatal to the embryo , others do not 

iZni<ibi»re and J/rinboliina^Itesistance u apparently similar to that of the more 
susceptible vegetative bacteria. Saul to retnam viable in clotted blooil for fl days at 
room fempiTa tare and for at least 100 daw at 0“C. (Uynns and Jk-ek 1*135) Little is 
known about metabolism According to Scheff (1035) plucoee is broken down with pro- 
duction of Uctic acid and CO» but no oxvgen is us«l up A moderate partial prvMuns 
ofoxigvn however is rc<tuired for growth, thems no mulUpbcation under strict anaerobic 
conditions. 

» Mr J E. Jtaniard, F P.£L, has kladly measnml for ns a strain of Ttrp dnttont , be finds it 
to be 0 35p in diameter 



Fio Sl5~Tr«ponemadutl<mi 
In film of blood In one place tbe spirocb^tes 
show a tendency to agglutination in rosette 
form Giemu (XlOOO) [From specimen kindly 
eupplted by (he late Prof J Q Thomsoo ] 
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Invasive properties (LUernnnn 190?) It isvery frequently found m association with a 
charactenatic fusiform bacillus bkewise desenbed by Vincent (lS9t> see Chapter 18) 
It has been su^ested (Tunnicliff 3906) that Trfp tmeenU and the fusiform baedlua 
represent two pha«es of the same organism, but the balance of evidence is definitely 
against tbs view 

IVepooema palhdom 

fsoZahon — Described by Schaudinn and Hoffmann (1905) who observed it in chancres 
and inguinal glands of as’philitio patients (see Schnberg and Schlossberger 1930) 

Thin.deJicateepirocbflflewithtapermgends Its length vanes from J li 
and its breadth IS about 0 2 /( It contains a number of regular pnmary spirals which 
appear rather sharp and angular and each of which is a little over 1 /< in length Duimg 
motion secondary curves may appear and disappear in rapid succession but the primary 
spirals remain undisturbed Theorganismisactirelymotde the movements were ongm 
ally described b} Sehaudinn and Hoffmann (19(b) os being of 3 types (1) rotation round 



Flo 210 — Flectron tmerograph of Trtponttna palttlum showing wl at appear to be flagella 
(X 21 000) [Kindly BuppI ed tv Dr StuartModI] 


the longitudinal axis , (2) backward and forward movements (3) flexion movements 
of the whole body resulting m the production of secondary waves The rotation 
or spinning movement is responsible for the backnard or forward movements the 
primary spirals act Lke the blades of a propeller and dnve the organism forward I»o 
flagella can be demonstrated by wduiary metboda, but according to lludd Polevitzky 
and Anderson (1W3) and Wile and Kearney (1943) flagella often four m number may 
be seen m electron micrographs distributed along the sides or near the ends of the organism 
In cultures the morpliologv is not so regular as in the animal body, Noguchi (1912c) 
has desenbed three types of paffulam — the thicker the normal and the thinner type 
Whether these types are tonstant or merely represent fluctuations round a mean is 
not known, Noguchi favours the former view The organism stains rose red with Giemsa 
The organisms are held back by gradocol jneiubranes having a pore size of 0 4 /i their 
narrowest diameter is therefore about OS ft (Hindlc and Elford 1933 Tilden 1937) 
(JuBirafion — Scheresehewsfcy (1909) was the first to cultivate Trtp pullulam i« ttlro 
but he did not succeed in obtaining pure cultmes Ki^chtin 1911 was the first to do this 
He used a medium of serum water to whidi a piece of stenle rabbit tissue had been added , 
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the mediBSi ’was seeded with & Cagoient of fff]duliUc labhit’a testicle, and the whole wm 
coTered with a lajrr of li<}uid paraffin. Incobation was earned oat anaerohiealljr at 37’ C. 
The pninary irused cnltiire yraa later purified piwrth m semra a^riT stabs c»ntaiiim5 
fresh rabbit tissue , in this medium a bazr cone around and above the tissuo became 
perceptible m atmut 3 davs due to pnAiferation of the »jiiroeh»lcs , br subculture from lha 
zone be cTcnluallj sucteedol in obtainin;; pore cullurrs of the organism The following 
jearlsoguchi (1912h) sncceeded in cidUTaluig Trep paliufum direct! v from hninan lesiooi. 
Tbe medium he used consisted of a nuxtoieofS parts of nutnent a^and 1 part ofasatic 
or Ljdrocele fluid, pat cp in tubes flO X - cm m size, each coatAUiing at tbe bottom a 
piece of sterile rabbit ladnej or testicle Material iiom s chancre, condyloma, or skin 
papule was inoculated into the tube, and was covered with Lqnid paraffin. The organisms 
produced a slight haze round the kidnej and could be picked off for pnnflcation. In fluad 
medium growth occurred rery slowly and continued for several weeks. The pure cnltmes 
were inoculated into monkeys, and prove d to be pathogenic According to Gates (1923). 
surface colonies may be obtained on 6 per cent, rabbit blood agar plates mcuha ted anaerobic 
aUj Colonies are said to be well developed in about a week at 37* and to be surrounded 
by a zone of complete hsmolyiis Other media have since been used with apparent 
success (Gates 1923, Weiss and Ullkes Weiss 1924, Hoder 1930, Aksianzew Malkm 1933) 
It must be pointed out, however, that several reputable workers have eotirely failed to 
cultivate 7>ep paVidym Amozrgthemas Jahne)(19342 who oraintams that thesi>c3ilecl 
cultures of this organism are in fact cultoits of a saprophvtic ipirochwte (see also Gohnng 
1940) Ajxordmg to Kast and Kotmev (1040), no one has jet succeeded m devumg an 
■ a ntro method of cultivation in which the viraleDco of tbe organisms for the rabbit is 
preserved. The difficoltv in practice of ohtainii^ la rdro cultures u so great that for 
preserving the organum it is osoal to emphn la nn> methods Brown and Pearce (1021ft} 
found that tf rabbits are infected with svpbihs, the organiatos are earned to the lymphatic 
glands and remain there indefloitely When tbe strain is required for Ose, a pophtal 
gland IS excised, ground up in a mottax with sahne, and iii)ect«d intrateetinil^T into 
fresh rabbits KoUeand S<hlossberger(l92>)lisre moreover shown that Tnp paAtcfsin 
rematna abve in the tissues of nice for an indefinite pmod and «n be recoTcrtd at anr 
tune from the glands spleen, or brain. Csing this method thev made three passazea 
tbrcnjgh mice m W months and foond that the orgaiuems mnsmtd fnQT TTndtiA &a 
rabbits 

Rvtftanct —Very susceptible to heat. According to Boak, Carpenter, and Watten 
(1932), saline sospensiona of infected rabbit testicle are stcriLzcd br exposure to 39*C 
for 6 hours, 40* C for 3 hoars. 4 1* C for 2 hours, and 4 1 S’ C. for 1 hour Dies out rapidlv 
m stored blood onlesa fiozen, so that tbe chances of transauttmg svphihs with stored 
blood plasma or serum are very smaQ («ce Selbie 1943) 

Anliytnie StruciUTt — Little known. Xogochi and Akatsu (1917) n.ing a^lutiaation 
and complement fixation, obtained evidence of an affinity of Trrp paUtdam to Tnp. 
ecVi^yrum They also observed a certain amount of heterogeneitr between different 
strains of poQiJurn Tbero u aaid to be a strain specifieitr m cultures of paSulam (see 
Georgi et ok 1929), but in view of tbe senoos ctrticisnis that bare been made on the sup- 
posed cultivation of this otganiam, it would be dangerous to lar too much stress on this 
statement. 

Pathogenicity of Treponema palliinm for Animals. 

RasBiTS. — Hacnsell in 1S31 was the first to produce keratitis in rabbits by inoculation 
of syphflitic material mto the anterior chamber of the eye His observations were negleeted 
for over 20 yeaia, when they were confirmed by Bertarelli in 1906 , the ^phihtio natsre 
of the Jeaons was proved by the demonstiatioa in them of TVepoaona pcHtdam Ibe 
receptintv of the rabbits rye has been emfinned br numerous workers. BertareDi (I90~, 
1903) moreover showed that it waa posable to carry over syphilis from one anuoal to 
another Aecordms to TJhlenhuth and Molzer (2913) inocidation of a email piece of 



FATUOQENiaiTY OF TREPONEUA PALLIDUM FOR ANIMALS 017 

syphilitic rabbit’s cornea into the anterior chamber of the tyn of a freah rabbit is followed 
by complete beahnji of the local wound m 5 to 10 days. After 3 to 6 weeks, as a rule, 
pericorneal congestion commences, followed by pannus and keratitis The keratitis 
increases to an acme, after which retrcgnsBion and healing occur , this process may take 
weeks or months to complete, and may be interrupted by a relapse Only a certain pro 
portion of rabbits develop keratitis The lesion is very much easier to produce by mociila 
tion of rabbit than of human s3rphilitio material Successive passages of the virus through 
the eye of rabbits resulted in an mcrease of Tinilcnce manifested by a reduction m the 
incubation period from 6 to 8 weeks to 4 to 5 weeks 

Syphilis may also be conveyed to rabbita by inoculation into the taUcU , this method 
of transference was first successfully used by PArodi(I907) As with ocular injectiou, the 
implantationofhnman syphilitic material gives much less constant results than of that from 
the rabbit Uhlenbuth and Mulser (1913), for example, inoculated 27 rabbits intratcsfi 
cularly with human syphilitic material — the juico from primary chancres — and obtained 
only 6 positive reactions. But after 16 passages through the rabbit the virulence had so 
increased that inoculation was almost uniformly successful, and the seventy and extent 
of the disease were correspondingly greater Brown and Pearce ( 1020a), using the method 
of intratesticular inoculation of ground up syphibtic rabbit a testicle suspended m saline, 
were bkewise uniformly successful m producing the disease After an incubation period 
of about 3 to 4 weeks the testicle commences to swell, and soon reaches the sue of a pigeon's 
egg , the inflammation also affects the eptdidymu and cord Sometimes a small superficial 
erosion may develop at the site of inoculation, covered with a dry yellmviBh brown adhesive 
crust, or an actual chancre may appear According to Brown and Pearce (1920a) the 
testicular reaction pursues a eyvhe or relapsing course, penods of active progression alter 
nating with periods of quiescence or retrogression, these phases apparently correspond with 
the vanaflons in the number of spirocb'etes in the lesion The length ofliroe that the testicle 
is inflamed vanes , the lesion may disappear in 6 weeks, or it may last for over a year 

The method of intiacutaneoua or subcutaneous injection of rabbit eyphilitio material 
into the serolum, introduced by Tomasezewski (1910). gives rise after an incubation penod 
ofabout a fortnight to a typical primary chancre with a central necrotic area and indurated 
edges Sometimes a diffuse lesion of the scrotum follows These scrotal lesions are uivan 
ably accompanied by marked ingamat lymphadenitis The scrotal infection may spread, 
and numerous secondary ibsions devefop, ihsting fiom I to IS monMs 

Tollowing on scrotal or testicular infection, generalized lesions may develop affecting 
prsctically any structure of the tody (Brown and Pearce J920b, 1921a, Brown tt at 1921) 
Thus there may be papular or erythematous eniptioiia on the skin, sometimes appeanng 
m successive crops , granulomatous lesions of Iho ekin passing on to ulceration , alopecia 
onychia, and paronychia , necrotic and ulcerative lesions of the raucoeai and inueo 
cutaneous borders , localized lesions of Iho periosteum, bone, cartilage, tendons, and tendon 
sheaths, mcluding such typical manifestations as destruction of the nasal septum and 
separation of the epiphyses , conjunctivitis, keratitis, and iritis Generahzed lesions of 
syphilis may also bo pr^uced by tbe intravenous or intracardial mjection of rabbits a 
Serf days cOd (nhlenbutb and Wulzpx J9J3) For discussion of immunity in rabbits see 
p 1165, Chapter 61 

Mowkeys — T he exiwnmentsofMelchnikoffondRoux(1903, KHHn, 6, 1905) amplified 
tbe earher observations of Klebs in 1875-77 (see Kiebs 1032). and showed that syphilis 
might be transmitted to the anthropoid apes aw! with less certainty to monkeys. Of 
the apes the c/iimpan-<e appeaml to be the most susceptible Altogether tliej inoculated 
22 chimpaiiioe8(rroj?xf//t<i iiiyci- ami V eihat) with syphilitic inatensl. eitlur of human 
origin or deriveil from experiment*! animsis, and sncc^nl in producing disease m all 
of them Inicutstion was performe*) by scanScatcon of the getiitels tfie thigh or 
the eyebrow After an incubation period of 15 to 49 days, generally 4 w eeks. a primary 
chancre derelope*! at the site of inoculation, and was follow ed in a few days by swelling 
of the focal lymph glands 5Iany of tbe ammals devetopod lesions of secondary syphilis 
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3 to 9 wwks after tbe appearance of tbs dianere , these c o mprised a papular emptioa 
oo the skill palmar psoriasis mocoos plaques of the hpe, toDgne. and palate aod enlarge- 
mentofthespleen. Occasionally mj severe spphiludeTeloped accompazued by akipecia, 
skm eruptions, emaciation paresis of the hiad lunhs, or even death. No lesions of tertiarr 
sTphihs were ever found , but it is to be noted that most of the animals died of breacho- 
pneumoma before tbej* had been many weeks tutder observation and in these tertiaiy 
lesions had no time to develop In macaques eeooodarv lesions were never ob setud 
According to Uhlenhnth and linker (1913) apes are more difficult to infect than rabhits. 
The«e workers were successful in eonvenng homan sypl^lu to rabbits, from rabbits to 
monkeys, and from a monkey back to rabbits. 

Otheb Aicdcals.— F or studving ■yphOiticlesKins. chimpanreea and rabbits are the meet 
useful eipenmeatal animals. Infectumcaa however be conveved to certain other aaunala, 
such as pigs, guinea pig* rats and mire Aeoonhng to Tam. K«ki bita, and ^ito (lOSH) 
intra testicular inoculation of guiacn pig* gives nse to no obvious ks ons, but mtracutaneons 
inoculation paiticularlvinto the penneu) fold, is followed is about II dava bv the develop* 
iment of a sweDing which persists for about 7 wceka (see also Mulzer and Hahn 1930) In 
rot* and mice a armptomlesa infection la usnally predated, smular to that often seen m 
guinea pizrs. The spimchietea remau latent in the tissues for months, as can be shown 
bv inoculation of rabbits (Kolle and *^hJcR.ljctgeT 19*6 1925) Occasionallv bowevef, 
a local chancre mav be prodneed bv inocnUtion of the scan&d skm of tb* ano-scrotsi 
reglon(Be«^emansanddePotter I'OO 1931) 

Treposona cmictih 

Flntobserredby EAyoa(l913) PespoQS>bt«foTadi.<tsreknownaa'‘nbbit«vid3!lu. 
Morphologically veiy similar to Trtp faUtJum but tends to be shchtly longer and tlueLer 
According to Noguchi (1922) disieQ*ioiis am length "-30 p avenge I3p wrdthO-Sop 
length of spirals 1 1 2 p amplitude of sptnls 0-6*) O p like T np jnV dsn it stains 
rore*red with Giemsa. Inoculation of infective CMten.aI oo to the »eain£ed skm of the 
genital region is followed, after an ineubalioo period of 2 to S weeks, charaelenstie 
lesions (see Chapter SI] 

Holes oa certain other Treponemata lormi m the Bmoan or Asisul Body 

TrepoDema pertenue. — Described by CasteOaiu (l''05) Responsible for vaws. Mor 
pholc^eally indistinguishable from Trep jaBututn Exact rebbon to tb » organam no* 
yet fuDy understood 

Treponema refrlogeas.^ — This organism was first described by Schandinn and Hofi 
ffiano(1905}m then ongina] reporton the discovery of 7>ep.pa27>d»m. It was observed 
in cases of sypbihs compheated with such lesions as bUanrbs, ulcers, and papillomata, 
and in non syphilitic lesions such as gononhiesl papHlomata, Noguchi (1912d) cnlb 
vated It from a condyloma. Acconlmg to him it grows luxuriantly in the deeper port 
of an ascitic agar tube forming hazv roloiues. doiser than those of Trep paffidum, which 
gradually extaid from the deeps parts of the tube to the more superfioaL It is an 
anaerobe no growth omas within 2 cm. of the surface. Growth becomes nsble m 

4 days at C, and proceeds lor some weds. The addition of fresh tissue is not essential. 
In c^ture the organism is 6-24 p Icaig by 0-o-0-~5p broad the middle part of the organism 
u w avy but the twT> extrenuties are more regularlv and deeply curved. The ends are 
pointed. It 15 con pathogemc for isbb ts and moakere. 

Treponema eaUlgyrum — This eugamsm waaobswed bv Noguchi m 1913 m two cases 
of condvloma one ^phihtic, the other not Pure cnltores were obtamed bv the asouc 
agar stab method. In thismedmmgrowthusunilar tothatof Trep.nfnngtiu the harv 
colonies are more dense and diffure than thoeeot Trep-paHidBin In culture the organssuu 
are 6-14 p long by 0-3>4>4p wide. The jwjmaiyqurals are regular and deep the length 
of each spiral is 1-6 p, aid the ampktode 1 to 1 5 p. The apex of the curve is not 
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sharp and pointed as m paUtium, but more or leas rounded It js non pathogenic for 
rabbits and monkeys 

Treponema phagedenls^Thjs organism was cdtivated by Noguchi (1912/) from 
a pbagedemo ulcer on the labium of a woman Growth occurred m ascitic agar 
medium under aoaerobio conditions to the abseocs of kidney tissue In the original 
leaon the spirochstca were 4-30 /t m length and 075 m thickness, in culture their 
length was less ranable, being lO-lS/t The number of spirals vanes from one to eight, 
and there is great variation in the length of each spiral Some organisms appear nearly 
straight The ends are pomted, but not drawn out Other Spirochfetes have been 
described la ulcerative lesions round the genital regions, such as Trep balantCidig, Trep 
pseudo pallidunt, and Tnp gangrenosa nosocomudta (see Noguchi 1912/) 

Splroebslss In the Homaii Moulb, — Spiroetuates of difierent types have been described 
in the mouth , they can generally he seen m Bcrapmgs from between the teeth Some 
tiraesorganismsinorphologicallyindistingmshablefnMn T’fvp palhdum are found Nogaobi 
(19I2d) succeeded m cultivating wbat ho regards as two separate species Trep micro 
deniium is a abort apirochafe about ^-4 /« long by 0 25 wide, having shallow rectangular 
curves of constant size Tho ends are drawn out and pomted In culture it is said by 
f^gum and \ inzent (193S) to bo an actively motde organism, 4-7 n long, having 6 12 well 
defined regular spirals In scrum agar tissue medium it forms a haze near the bottom 
of the tube, gradually Iweomtng detwer and spreading upwards till it is within 2-3 cm 
of the aurfaeo Groivth is anaerobic Trep macrodentium u a larger organism, varying 
from 3-8 fi long bj 0 7-1 0 /t broad in >‘Dung cultures, and having 2-8 irregular ahallow 
Curves { tho ends taper off abruptly In older cultures the organisms are longer and 
thinner In acrum agnr tissue medium growth occurs under anaerobic conditions m the 
form of a faint almost transparent bazo For methods of isolating end cultunng the 
mouth spirochxtcs, reference may be made to papers by Sfgum and Vmzent (1938), 
Kast and Kolmer (lO-lO), and Wichelhausea and IFicbelhaiiscn (1942) 

Viiuent and Daufreeno (1934), working mainly with pure cultures, have provisionally 
classified the mouth apirocLxtes into groups, which they label A to 0 Group B corresponds 
to Trep mierodenbum and Group F to Trep ntacrodentium 

Treponema cobapae — Found by Knowles and Basu (1935) m the blood of guinea pigs 
Blood parasitebclonging to tbo relapsing fever group Thin, dehcate spirochmte, 13 5-23/4 
ui length, with finely tapenng ends , average length of spirals 3 6 /< Can be cultivated 
in Galloway’s medium Inoculation of gumea pigs with infected blood is followed, after 
an incubation period of 2 to 6 days, by a febnle disease accompamed by the presence of 
spirochetes m the blood Fully vmileot strains kiU 30 60 per cent, of inoculated arnmals 
Relapses may occur in amniaU that recover from the first attack White rats and rabbits 
are also susceptible to infection 

Blood spirocbcetea have been described in other animals, such as the rabbit and the 
mouse (see Knowles and Basu 1935} 

I<eptospirs icterobremoirbague 

Isohlion — First adequate deecnpticm given in 1915 by Inada and his colleagues in 
Japan (see Inada et al 1916), who observed it m the blood and tissues of patients inth 
Weil’s disease 

Synonyms — Spirochcela icttrokoemoMiagw , SptrocJocta xclerogenes 
Jt/orp^hgy — Very delicate oigamsm whose inor|AoIogy can bo studied satisfactorily 
only by dark ground illumination The spirals are too fine to be properly resolved in 
stained preparations In length it is about fl-12 /*, and 0 I-O Id /e in thickness , forms 
as short as 4 /( and as long a« 2S /< may Bometimes be observed It contains a number of 
perfectly regular closely wound epirals, each of which is about 05 ft long or even less, 
and has an amplitude of 0 6 /< Near tiifi erxtremities the spirals become even closer 
Secondary waves commonly appear during motion, but the spifoeh®te has a marked 
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tendency to elraiglilen itself out again Apart from the primary spirals wlucb are set 
more closely than in any other group of qarochjetes, the most characteristic feature of 
Lepto tcleTohcemorrlia^ce is ita sharp, tapenng, hooked ends, which are set at an angle to 
the mam axis giving the whole o^anum a resemblance to the letter C or S l>iiTing the 
rotation that occurs when the organism is inonng, these hooked ends are whirled round so 
rapidly that the organism appears to be furnished with & button bole or an eye sphee at 
each extremity fFig 211) In fluid media the spuocbstes may become entangled with 
each other and give nse to the charactenstic picture of a ‘ nest ” This appears as a 
highly refrictile ball composed of hundreds of intedaced organisms, some of which project 
radially from the circumference (Taylor and Goyle 1031) In dry fixed films of blood 
or urme all sorts of forms may seen, bearing a resemblance to the letters C, S, /, or 6 
Degeneration forms mtU thick, blunt, alraight ends are not uncommon According to 
Kaneko and Okuda (1917), the morphology of the spirochaetea m man w less regular than 
in the guinea pig , they are often shrunken and atrophic, of varying thickness with greater 
rigidity and less regular currea , they may show circumscribed thickenings at two or 
threcpoints or they may resemble chainsof granules These irregular fonns may perhaps 
result from the action of immune bodies on the organisms 

In suitable preparations the spirochxtea may bo stained by Gicmsa or by one of the 
silver impregnation methods In stain'd films the primary spirals arc not visible Several 
observers have found that Icptoapiras may pass through Berkefeld candles (Inada tl a! 
1016 Bauer 1927 Buchanan 1927 Dimitroff 1927} but the results sre vorublc Accord 
iiig to Hindlo and Elford (1933), the organisms are held beck by collodion membranes 
having a poroaity of 025 ft , this sug 
gests thst their diameter is 0 1 

Catiimlion — L*plofpin teUrcAanijr 
rkopia was first ciiltivsted by the 
Tsponeee workers (Inada el ol 1916) in 
Xogucbis asciUe fimd kidney medium 
Subsequently Kogucbi (1917) deresed 
other media that were simpler to make 
and more satisfactory m practice The 
first consists uf labbiA secuia I part, 
Bmger’s solution 3 ports and citixted 
rabbit plasma 05 parta, the medium 
should be put up in tubca about j inch 
in diameter, and may or may not be 
covered with liquid paraffin The second 
medium is stmilar to the first, but 05- 
lO parts of slightly alkaline 2 per cent 
^ar are added, at a temperature of 
€0-65“ C , the whole medium being well 
nuxed From this semi solid medium 
the titrated rabbit plasma may bo 
omitted if necessary The Noguchi 
Wenyon medium is likewise eatisfaeloij 
It IS made by mixmg 9 parts of salme with I part of 2 per cent, nntnent agar, and 
adding 20 drops of fresh rabbits blood to each 10 ml of the autoclaved medium 
cooled to 50° C , the tubes are not shaken \«ry good results are obtained with Fletchers 
(I92S) medium This is prepared by beating a 12 per cent, solution of rabbit serum in 
distilled water to 50° C , adding 6 ml offiS percent nutnent agar to every 100 ml of 
serum water mixture adjusting tbe reaction to pH 7-4 tubing in 6 ml quantities, and 
sterilizing at 50° C for I hour on 2 successive davs Icconimg to Gitdner (1943.:) the 
simplest and most satisfactory medium consistsofa 12 percent solution of bent Inactivated 
Seitz filtered rabbit serum in gIaa&.dtatiUed water For inoculation, 0 1 mk of infected 
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Diagrammatic drawing ahowing pnmaiy sod 
secondary spirals, and hooked and tmtton 
hole ends. (After IVenyon ) 
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pniK^ii pu or Ijvrr, or nt su'pcmion slioul) 1» In BubcuUiiniiR, 

»h.>ut4l>orftm.i!ovrr(nr»inl orfmhinnlium Thotul>osi.houMl>cinoulntod 
ftt 2S-3<f C . pTyw*l» owiini At at^C, but ik^ncrstion npi4h ncU in SubcuUurps 
shotc!.? ma*!.- rrrry 4 in « Airka. and Irpt at 2VC TIip optimum pfl for growth 
b7r Tho orgAni'm la Ai-ml le , in Nogachi'a Mnim mcxlin, growth occurs nt tho top, 
prjng n«' to * slight hair. nhuJi *tof»* abnipttr a fow erntimctnw from the eurfacv* 
Lrpto •'•t'Totirmorrhop'T can nbo be cultiTatcrl oti the chnno alUntoic tncnibrano of tho 
d.rclo}ing chick cmlityn {Morrow rl at in3H. awbauil 1D30) The oiganjsms become 
<lcnion»1rnblfl In tlie I VwkI of tho ntUntoic nrtrn in 4 or 5 dnj's , the emlirj-o gotu rally 
die* Aiihin " «U\-s. l‘urc cullun"* of Upto ttlero/unnorThnyict mft> lie obtninM from 
conUmmatol manrinl ba inoculating O-^l 0 ml intrapintonrill^ into a gniiicn pig, 
wilbdnwing bl<>o<l bs heart pnncliin ten inuiutcA later, and culturing Jt m a suitable 
m«alium t^hdfTn* r I'MO) , the Icploapino inrade tl»o blooil niun> rapidly than tho acoom 
{lanauig bacteria 

Rmi^inre — irlrm^'morT^a.pit la killed by mowt heat at fiO 55*C id half 
an hour, il can witVtand freeiing It is very eensittre to ncid, being destroyed by 
human gaainc Juice In 30 minutes, it will not grow in an even abghtly acid medium 
The organisms are rendered motionloM tn 10 to 15 minutes by 1/2000 UgCl« and are gradu 
ally diMvilird Tlie^ are rapidly destroyed by Inb* In dcHbrinstcd blood kept at room 
temj* nture In llie Ji„ht, the organwm* rrmainesl rirulcnt for 7 days, and in docwmpcwmg 
beer for 27 liours (Uhlenhuth an<t Fromme 1010) In infectol guinea pig hetr kept m 
the ier<he«l thea laniaineil airub-nt for 2r» day* (Iluehansii 1027) 

dstiTcaie ^tnictuer — >17t<iiig)i it was thought at one time that t)iire was but a smglo 
sjieeirA of lj’p4ti0ptM, lumefy f/jrfo tetmAirmorrln^ur, further exfaniiici' lias rcTcalwl 
tlie ocanirrcner of wveral taiie* dilhnnc in tlieir antigenic structure, palhopemeity to 
guin-a fug* and (lie nature and Aeaentt of the de«a.«> (o nliich tlic v giro rtse m niari 
'l«n\ of thesa tiis-r hare t<an giaen *|reiflc name* Tlie oripnal tfJertJ temorrhngirr 
BpiKvii ran l«*dMtinguj>)Malflniigen)cAl)i from olbrrleptoKpirslstmins that arc path«v*''’>B 
for human Imngo lu rrlition to water B|>iroeli»tes » still under dtseiuuion Racr 
mann and 7w\ur (l‘i2"*) fiuind that water strains were not agglutmaUal by the lem 
of entirahwcenU from M ed s duwtiM*. or by the ssra of animals inoculated expenmentally 
with Lrpiji telfrchirmonha^jt'r, and that a« ra pre|v»ml against ariruicnt water strains 
did not agglutinate Med strain* ITrown and Pans (1027), using the adficsion test (soo 
p 012). found that l^}^> iflrnArrnxirrhajia (rum fata or man Iwhared alike, while Ltpto 
bifirra WM antigenmUr distinct Vaeeinall<»n of guinea pigs with cultarcs of Lfpto 
h>firia fall si to immunize them again*! Ir/*» xeltroftainf^hnipac (Uhlenliuth and Zuelzer 
1921) ileermliiig to lUetjnann and Zwlzer <I92S), however, some water strains the 
nrulcnco of which luva been raised bj animal jnssage, Uliavo antigenically like Lepto 
tfUrok(m\firrhaji(r Some of tho confusion is j*rob8bly duo to tho lack of homogeneity 
among water strains Tlio inajonty of these are saprophytes and belong to tho species 
Ltpl-y fcijfern Some of Ibem, howoTer, appear to bo real ictcroAffmorrJoyia strains, 
either in their normal virulent condition or in a degenerate aviralent condition Passage 
through animals may succoml in irwlonng these to full virulence, rendenng them indis 
tinguirhaWo anligeniaiJly from typical KUroAtemurrfuijia strains of parosilio origin 
Since animals not infrequently act as h ptospiral camera, it is possible that apparent changes 
In antigenic structure ami virulonco brought about by passage are duo to the isolation of 
an organism from tho animal different from that wliudi was inoculated Caution must 
therefore bo exereiscil m drawing conelusioiia frmn tho type of evidence advanced by 
Itaermsnn and Ztiilzcr (1029) and Zuelzer (19301 

Patboyenicity ol Lepto. icterohtcmorrbague lor Animals 

Lej/o lelero/iennorrfuijiir i* highly pallmgeiiii. fw young guinea pigs, whether given 
intrapcntoncnlly, subiutam-oiisly. ciilanMiusIy . or by t1» mouth Tlie golden hamster is 
likewise very susceptible (Morton 1912, Larsm 1941) Itabbits, rats, and mice are only 
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ehghtly euscepttle and remain perfectly well after inocnlation (Marbn and Pettit 

1919) C»^ dogs, pi29 sheep hens, pigeons, and monLees are »id to be refractory 

(Uhlenhuth and Fromme 191G Martin and PWtit 1919) but later evidence suggests that 
L'pfo is respons Me for some cases of infections janndice m the dog 

(Dhont el d I'^Sl) 

IntrapfTitoneal injection of guinea pigs with 1 ‘’ml of infected human blood or groand 
up tat 8 kidney i3 followed by an illness lasting for 5 to 13 days, and terminating in death. 
The chief symptoms of the are fever and janndiee. The fever commences the dav 

after mocidstion» reaches its acme m a few days, falls to norm^ and hnaQv to sutmormal 
just before death. Jaundice fir«t becomes viable when the temperature begins to fall— 
nsaallvonthe4thorothday iCmcreasesbll death and u often accompanied by choluna. 
Ang-mia and coDjunctival congestion are frequent and external hsmorrhagea from the 
rectum, n'’* *“d gemtab may occur Blood counts reveal a lymphocytosis dunng the 
first few da'ra of the disease andananaemiafBuchansn 19‘'’") Spirochates appear in the 
blood about the 4th day but a 


to find microscopically Post mortem 
«I»A animal shows generalized jaundice 
there are hemorrhages into various parts 
of the body puticularly the tunes, intes 
tinal valb. retropentoneal tissues and 
fattv tissues of the inguinsl region. The 
h*moTThaees m the lungs form irregular 
epots of vBiyin, size sharply demarcated 
the rarrounding tissue— gmng the 
)ang« a re^embboce to the mottled wings 
of a botterfiy {Iiuda t! ok 1916) The 
spieen a enlarged and congested the bd 
neys show an acute parnichvmatous 
nephntu and capsular hraoirhagee the 
sopiarenabareoften enlar^ and hsmor 
riiagic Histologically the chief lesions 
are clcwdy swelling of the liver sometimes 
accompanied by focal necroses acute 
pareochymatous nephritis, endothelial cell 
proliferation in the spleen and lymph 
glands, and hsmorrhaces lo pract caltv 
every structure of the bodr (Buchanan 
19»") ^piTochstes are most numerous in 
the liver and are be^ demonstrated by 
dark-ground iDumination. They occur in 
the spaces between the oelb and when 
numerous *re arranged about the cells like a garland Thsor appearance is different 
from that under dsrti groand ifinminat on they are short and thick the primary 
spirab and tapermg eitrem ties are not evident and numerous irregubr undulations 
are seen. They are found in smaller numbers u the kidnevs and adrenals. 

By passa-re from gumea p g to gomes pig the virulence of the organism can apparently 
be mereased ^tokes (Stokes el a] 191 ) tor example found that the average tune to 
death of »nimab mocniated mtrapentoneaDy with human blood was 10 days but that 
when passage strains were used it was only 5 days. Noguchi (191 ) Lkewv^ not ced a 
reduction m survival time after passage of a strain through guinea p gs. 



Electron micrograph {x 1"0(X>) 
Kindly enpphed by Dr H. E Morton and 
Dr T F Anderson 
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Ko<n on other species of Leptospira 

Leptospira, Rachmt tn>e — Foonl in cum of human infection m the Dutch East 
InJiM It is Mitigcnicrtlli distinct from Ltpio felenhamorrhnQia , some strains are 
cJosciy aIIimI to a'ltmiutltf ALi^'Uffit A tj'po (sco II aleh Sorgdmgcr 1033) It 

is Tjniicnt for gninM pips, in whicli it usuail^ causm jaurxijce Its natural animal host 
remains unknown 

Leptospira batSTlze —TIds organism, which is sometimes referred to as tbo Swart 
ran Tiencn type, causes Bpora<lie infections of human beings m Batavia, Borneo and the 
Cclelx* It is antig* rucallj distinguishable from other types It is moderately virulent 
for the guin«i-pig Its natural host la norTt^teut 

Leptospira, Sillnera type —Tins tj-pe is also found in the Dutch East Indies where 
it eaust* sponulie casca of lepiospirvi infection in Sumatra It is of malerate virulence 
for guinea pigs ft ajiiean to bo eame«l by the rat Eatlua brnteaiidatns 

Leptospira hebdomadls — DcAcribed bj Ido. Ito and Ilanl (1018 1010) Gives rise 
to tbo fever of Japan Differ* antigenicatlj from fxp/o tefcrxAtrmorrhagtte, and 

it less virulent for the guinm pig It Is aitrulcnt for rata ami mice m the laboratory 
It IS a natural pamsiio of the fiel 1 mouse l/icnW is non/i&e//oi Is apparently identical 
with tho nliyumi i? tape found in the autumn fvaet of Japan 

Leptospira akly&mt aod Leptospira aotamiiills -^Tho identity of tbe<c oiganums is 
still uniler discussion The first wa« isolated from taaes of Autumn fiver or Aliy^ni 
in Japan the aceojul from a disease known a* ///t*oniiytiin» Two tapes of organism 
from ALivami ha'c Issn desentic! Th© A type appears to belong to tho lUclimat 
group, the B typv is apparentlr ilenileal uilh £e/s’o (SCdftnopoulo and 

liiKoya 1038, \an3 ami ThejJer 1030 Iimoe J03O). The organism isolated from HMsmi 
yami ii very similar to the nliynmi A typo Acconilng to Maleh-.^orglrngcr (1030) 
olnyuMi A, ABfumnolie and Raclimst than a common antigen hut aro not identical 
BothflIi/imi/1 an ItistHmn'ihs are fairly virulent for guinea pig% often pn>lucing]aundieo 
Hie natural hiwt ofaL/imi A is a lielil moaso. Vaerotui moat'de/foi of Etpfo au/um/utfu 
a fiel 1 mouse A/nffmas e/vriosM 

Leptospira aDSinils A and B — ^Theso two tapes overo isolaicil from casea of coastal 
fever in Quecnslawl {I.umley 1037) Tho A type J* aniigenically diatinet from other 
strains, the It ta'pe appears to bo 'riated to tho Salinem typo of tho Dutch East Indies 
(Waleh Sorgilrager 103') Both tho Australian types aro moderately pathogenic for 
guinea pigs an 1 holU aro eamnl by rats— It evfworvm 

Leptospira pemona. — ^This organism was isolated from a patient affected uith the 
7Klay feaer of Queensland (Cayton oral Demck 19T7) It is antigenicallv distinct from 
Jho other strains Its airuience both for human beings and guinea pigs is low It is 
asid by Johnson {11M3) to cause cmlemic infection of pgs and eattlo in tho coastal district 
of eouthem Queensland 

Leptospira mtlb This organism was afm isofafed from a fobrifo patient in Queensland 
(Tohnson 13t3) It is antigcmcally distinct from other types appears to bo moderately 
virulent for guinea pigs and like Lfpio jxmtma, causes an endemic mfcetion of pigs and 
cattle It Is not to Iw confiued with the />pfo*| •m mifu which was described by ilmo 
(1333)0* being rcwfKiimblo for infiirtion in Pice ficMaeofkcrs in Italy ami uliich uaajdiown 
to iio jdciilleal uilh Le/rfo fsitarjie 

LeptoJpira grlppotyphosa —This organism is the cause of a widespread disease in 
eastern Europe luiiwn as Bwomp or mud fi-ver It avas cultivated by Korthof (1932) 
in a peptone rabbit scrum sail mixture It differs antigcmcally from other leptospine 
and 18 not very pathotenio to guinea-pi^ but it may infect mice on passage (tValch 
Sorgdrager 1933) Its natural ammalcamw'isstillunknoara, though vdIm aw suspected 
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Leptospira, Anflaman A and B types.— Oigim«ms Iwlongjog to tlie«e two trpes were 
>«oIatel Taylcfr and Goyle (W3li fTwa. patienta euffenng from & febnle disease m the 
Andaman islands Illness was confined mainlv to adulw working in mod or in marshy 
distrieta m the sntnnm The A type » antigemcally distinct end is of onU moderate 
eimlence for the guinea pig The B type appears to be identical with I^plo gnppoljpha’v 
(Walcb-Sorgdrager 1939) 

Leptospira sejroe — Isolated by Peler»en and Cfansteosen (1939) from the Wood of a 
fisherman in the small Danish island of Sejro It ts antigemeally related to Lfpio lieWo- 
main bat absorption e^penmenta show it to be di«tinet Ita virulence for guinea pigs 
IS low Its natural host appears to be a moose J/w tp eS’yji-t 

Leptospira oryietn — This organism was i*td3ted from nce-field workers inltidy (Babii 
dien l‘*3S 1939) It appears to bo antigemeally relat«l to ZepTo lafamir bnt as it has 
not yet been properly studied its idaim to specific rank is <lill in doubt 

Leptospira esnlcola — ^Xhis is a natural parasile of dogs in which it gives rise to a 
dis«a;e more often assisted with ormmia than with jaundice (»ee Chapter S3) It was 
first dJstingai bed from Zejito te</ToAwTOorrAo^<r hv Klawnbeek and ‘tchuffner 
It differs from Lep/a %tttT(^<rmanhaq as in its antigenic structure snd its lower virulence 
for guine*. pigs on first isolation After paesage through guinea pigs its vtnilence may 
increa^o No jaundice is ptodneed, but inammabtbat nimreleptaspiT® mav be evereted 
in the unne for months Occasionally it infects human beings but it is not & normal 
parsaita of ruU (<eo IValch Sorgdrscer and SchOffner J93S) Gardner (1943&) thinks that 
them tnay be a typo of loptoepira infecting dogs and man in Great Dntais differing from 
Zepto eaniccla but (he cndeoce on this point 1$ not yet conclosire. 

Lepietpm jaraslea.— Found in field rats and cats in tbeDotch East Indies (<ee IValcb 
SoTgdl^ger 1939) Has not so far been isolated from human beings. 

Lepbspifs blfiexa —Usually referred to by German workers as Sp ncJiceta pseiufoitfero' 
gene# Widespread saprophyte found mamly m sriler Desenbed ©ngmally by Wolbaeh 
snd Btnger (1914) Often attached to other spirochietes and 
protozoa (Znelzer 19^3) EspeciaHy prevalent in the slime of 
ponds lakes and men m the slime that collects on the ends 
of water tops and pipes, and in the roof slime of mines. Mar- 
pbologicallv mdietmgnishable from Zepfo tcterohcemorriagice 
(Fi" 219) Is verv easv to cultivate Can thnve in tap or 
distiHed water to which 0 1 per cent potassium nitrate has 
been added provided that the reaction is not aacl (Zoelzer 
192S) Grows readily in the media used for Zepto xcieroheemor 
r^agl<e but Ringers solution must be replaced bv tap or dis- 
tilled water since 6 fitta is very Euaceptible to even low con 
centratioiis of sodium chloride (Uhlenhuth and Zuelzer 19^1) 
The sunplestand most effective medium is 10 per cent rabbit 
serum m distilled water IsoLition in pure culture is ofren 
difficult Hindle (lO’j) found that if 20 mL of water were added to a Petn dish con 
taming a portion of human faicee about the aiae of a pea, and incubated at 2o'’-30'’ G. in 
the dark Ltplo biJUxa was generally observable nuccoscopicaUy m 10 days, and was 
abundant m 20 days The Icptoepme were able to paw through an L5 candle These 
observations formed the basw of eeveral methods of isolation {B.iucr 1927 Mochtar 1928 
von I agedes 193a) The general principle is to filter the water thro i5,h a siiUble candle 
and cultivate the filtrate Is antigenvcally d stinet from Lepfi ittcrtAffmorrhajitr A 
specific precipitafmg substance of carbohydrate nature his b«n extracted from it bv 
Hindle and White (1934) Is non patbogerdcforanimaia Is bel cvr 1 by certain workers 
to be an anndent form of Leplo KUrohamorrhayxr which can be rendered virulent I v 
eultable animal passage Balance of endmcc is ngardst this view 
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SpiriUam minus 

Sometimes refereed to ns iJ?ptiwA«ffa mowiiJ muns Described Ly Futaki and his 
colkaguca (1910 1917J as tho cause of lat bite fo\er m man Accordmg to Pobertaon 
(1921) it IS a Bpirillam and not a epirocbxfe> and its correct name is ApinTZum nitnus 
Appears to bo a natural parasite raf^ nducli act as healthy camera of the organism 
Jlorphologically the spirillum w short, raUier thick, and has tapenng ends provided 
with one or more dagella It is 2-5 long, motile, and has regular rigid spirals, each 
of which 13 about 1 /< In length The movements are rapid — like tho«o of a vibno It 

13 readily stained by ordinary amhne 
dyes, such as l«e£0er 8 meth) lene bine, 
and by Giemsa Culturea may be 
obtained in Shtmamine's medium, but 
successive transfers have not been 
successful The organism gives nse to 
one type of rat-bite fever in man 
Intrapcntoneal inoculation of infective 
human material into mice is fcdlowed 
by no clinical evidence of disease, but 
epinlla appear in the blood after 5 to 

14 da) s They are scarce at first, but 
later they increase though they never 
become numeroua , it is cncomaion 
to 6nd two organisms in the same 
field (Theiler 1920) They persist >n 
definitely, though only in small sum 
bers Hats behave like mice but the 
number of spinlla m the blood is 
fewer Intrapcntoneal moculatioQ of 
guinea pigs produces a febrile disease 
After an incubation penod of 6 to 15 
days spinlla appear In small oumbera 
ia th» biood, and pyruxia sets m 
accompanied by eulaigement of the lymph glande Tbere may be a marked infiam 
roation of the subcutaneous tissue in the anogenital region, Involving the scrotal 
sacs, penanai tissue, and prepuce in midce and the labia and penanal tissue in 
females Later, after 3 or 4 weeks alopecia ulceratioa of the skin and chronic conjunc 
tivitis and keratitis may occur The disease is gener^y chronic lasting from about 2 
to 4 months, but sometimes death occurs in the first 6 weeks (Ishiwara ct al 1917) Spirilla 
can be demonstrated m the blood lymph glands spleen kidney adrenal and subcutaneous 
tissue. In Itobcrtson’s (1924) expenence ^nlla were never demonstrable ui the blood 
even by mouse inoculation nor did any of the guinea pigs die Rabbits may be infected 
but are less suitable for diagnostic pnrposea than mice or guinea pigs Ulonkeys are also 
Busccptibfo (Inada ef al 
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CHAPTER 39 


RICKETTSU 

Dzrixrnov — RtckttUxa 

Small, Gram n^tire, bactcrmm lAe orgaaisms, usually less than half a micron 
uidi9.met«T Mote or less pleotaorphic. Stain rather poorly with amline dyea, but 
trail with Giemsa Natural uihabitantaofintestiiial canal of arthropods, osoally 
occupy an intraceUnlar position. Some species are parasitic m higher animals 
and are pathogenic for man. The type species is RicitUfia frovxutlt 

Ricileltsia la tbe name given to certain siaall bactcna Lie bodies tthich are 
found in tte alimentaiy canal of insects and other arthropods, and which are 
frequently associated with disease m man and anjcoala. Definition of the group 
presents several difficulties Some workers. Lie Zinsser (1957), would auto- 
matically exclude auy otgaui«m such as R mthphagx that has been cultitated on 
artificial media Further, they would insist that, when growing in the animal 
body or in tissue cultures only such orgaiu«ins as multiply intmcelJularly should 
be regarded as true ncbettsis Most species appear to 1^ unable to pass through 
the ordinary bacteria! filters, though there are exceptions, as with R bvrndi 
Since, however, it is often difficult to obtain a homogeneons suspenaon of the 
orgatuams free from cellular material, too much weight should not be placed on 
this characteristic It seems clear that the ncLettsua occupy a position lu between, 
the smallest bactena hke Rartofie/£j, and the filtrable viruses. The fact that 
they can be resolved microscopically by visible Lgbt, and that they are held back 
by membranes which allow most of the filtrable viiusca to pass through, brmgs 
them into Ime with the bactena , but their failure to grow on ordinary culture 
media and their predilection for intcacdlolar multiphcation, show that their 
metabobc requirements are more alao to those of the filtrable viruses. 

We shall not attempt to define the genus too closely, nor shall we exclude 
from the present chapter OTgamsms, such as R ^nnJana, merely because they 
appear to grow eitracellulatly Mention wiH be made of R co/yunctinr, R cams, 
R bans and R <mna, even though it u doubtful whether these organisms are 
natural inhabitants of arthropods, ot even whether they are hving o^msms 
at aU. 

The first^named species was descnbed by da Rocha Luna m 1916, who found 
these bodies in lice taken from patients with typhus fever, he proposed the name 
of RtcleUsta proicazeht m honour of Ricketts and of Prowazck, both of whom 
died of typhus fever while mvestigating the disease The second species was 
described by Topfer (1916) also m 1916, m liw taken from patients suBering from 
Wolhynian fever — better known as Trench fewr , this species has been given the 
alternative names of Ricletfrta qvijUana — on account of the &-day febrile parox 
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pma characteristic of tbs disease— and B tmttynico , it appears to be closely 
related to jf not identical \nth, R pedteufi, wbch was found hj da Rocha Lima 
in the apparently normal human hodj base A tbrd species wbch was first 
describeil Iv Ricketts as far hack as 1909 in Rock) Mountain spotted feaer, has 
been called Dermacen/rojewus nelfttsi by \\ olbach , as tbs organism appears 
to belong to the Ricleilna group, wc shall refer to it as RtdeUsia ncJe^si 
Sellards in 1923 claimed to have cultivated a fourth species, R ntppojiico, from 
ammals experimentally infected with tsutsugamushi fever m Japan Tbs cpecies 
has been given the alternative names of Jf tsutsugamu^h S alamush and^ onen 
mbs, but, in spite of Phihp’s (1943)argiimentthat the name 7? nippcmicu is ruled 
out because of the reported cultivation of tbs organism on artificial media there 
«tiU seems insufficient reason for discarding it 
fallacions ob«er\ation has been made must be 
re-named, bacterial taxonomy will become e\en 
more perplexing than it is already 

Cowdry (192o) described a fifth species R 
ruintnanltum, as the cause of heart water of 
sheep, goats and cattle in Sontb AInca A 
niunne type of typhus virus, sometimes referred 
to as R mwwcn, was discovered as the result of 
epidemiological and bacteriological studies 
undertaken by Ainencaa and Mexican workers 
(for references see p 1845) Jlorc recently, the 
observations of Derrick (1937) and Bnrnet and 
Freeman (1937) m Australia and of Dans and 
Cox (1938) IS the United States have revealed 
n rickettsia R bumelt {R dioponca) as the 
cause of a fehnie disease known as Q fever 
Besides these six or seven species, wbch 
ha% e been found in association with disease of 
mammals, over forty other, apparently non pathogenic, speaes of Rtrletlsta have 
been desenbed m vanous insects and other arthropods One or two of these 
will receive brief mention at the end of tbs chapter, together with a few patho- 
gemc organisms whose relationsbp to the Rxcktltna group is still in doubt 
As the nckettsuB have been found both m blood sucking and in non blood 
sucking insects it seems probable that they are prunaniy inhabitants of the 
alimentary canal of insects, and that infection of insects occurs by containmation 
with mfected excreta (Hmdie 1921) Some species are found not only m the lumen 
of the ahmentary canal, but al«o m the epithelial ceils limng the canal A further 
invasion of the body may occur, leading to infection of the salivary glands and other 
tissues Most species appear to be transmitted hereditarfly to successive gener 
ations through infection of the eggs There is a rnarked host specificity Some 
species appear to have reached a perfect eqnilibnum with their insect host, and 
sometimes with the amuial on wbch the insect is a parasite, such as in the system 
comprised by the murme typhus viros the rat flea and the rat Others however, 
wbch by some workers (see Zinsser 1937, Bnrnet 1943) are supposed to have 
developed later in the evolutionary period are pathogemc for their inject hosts 
killing a bgh proportion of them— as for m'taace, the classical typhns rickettsia 
and the louse A few species appear to have become adapted to an alternate 


If every organism on wbch a 
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ensf^nce m insects and m animals , infection of insects occurs in tte«e cases bv 
Wood sncbng 'Ehere is, howeccr, no endeoce to suggest ttat a «epaTate cjcle 
of dereloproent occurs in cither host, asis«ofieqnentl 7 ob=erved with the protozoa. 

MorphoIogicallFi m the gut of the loose nckettsue appear hie \ ery small cocci, 
diplococci, or short bacilk Their size is generally given as O3-0-5 /< long 
by 0 3 /I broad but the badHaiy forma may readi a Jenetb of 1 5 or even 2 0 /i 
According to Elford and van den Ende (1914) the size of R pmca'eh, judged by 
ultra nolet photomicrographs, is 0-6-1 8 ft long by 0-45 ft broad Gradocol mem 
brane experiments likewise suggest that the width is not less than O-l-O-S ft — 
a value greater than that which haa previously been quoted- Their arrange- 
ment IS variable, smgle forms may occur, diploid forms are very common, 
and the small coccoid fonns are often grouped in dense masses Under 

certain conditions, they may 
form rntraceHular homogeneous 
or granular inclusion bo^es not 
unlike those seen in psittacosis 
(Pinkerton and Hass 1932, 
Begg rt cl 1944) By the elec 
iron microscope they appear, 
bke bacteria to possess a limit 
mg membrane, enclosing a 
eub<taQce of moderate opacity , 
dense granules may be «een in 
V some forms (Pletz rf el 1943, 

^ «,** Weiss 1943) Host species are 

COD motile On the whole they 
Fro 222 —PtektBfxi prtwu^h stam poorly with the ordinary 

Smeu preparation {mm louse « gat, showing baolUn aniline dyes, but Castaneda 

'jsKrvSss. )• ('Sf ). 

Todd and Palfrey ) and Anburtin(193S), and Hac- 

chiavello (1941) have shown 
that good results may be obtamed with methylene bine, thionin, and faclam, 
provided the stain is made up with a suitable bofi'er or mordant. Hacchiavello’s 
stam, in particular, gives excellent results with smears, though it is not so successful 
for tissue sections For general purposes, Giemsa is probably the best stam , 
with this the nckettsis appear as purple cocco-baciUi, or frequently as bipolar 
«tainmg tods , •mmebmes they seem to be surrounded by a paler staining *ub- 
stance They are uniformly Gram negative. "When very few m number, they 
cannot be recognized with certamty, since their rc«emblance to minute particles 
of detritus is too close , but when they arc present in large numbers, their 
recogmtion is comparatively easy It is by reason of the small numbers in which 
they occur in the blood of infected men and animals, that their demonstration 
m this medium has only rarely been accomplished \rkwnght, Bacot and 
Duncan (1919-20) lay down the foBowing criteria for the recognition of BtcJxOsvi 
m the louic’s gut (1) ita minute size, 0-3-0-5 fty.O-Z ft, (2) its irregulanty m 
ehape, round, oval, diplococcal, and bipolar-stamed bacillary forms being seen, 
(3) Its occurrence in very large numbers or even masses, especially on flakes 
of solid matena] m the excreta , (4) its well stained appearance and purple 
colour with Giemsa. 
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Caltivaboa and Metabolism — -Ilone of tlie pathogenic species has yet been 
cultivated apart from living cells Of the commensal species, H melophagi, found 
in the sheep ked, is said to hav e been grown on blood agar Noguchi (1926) claimed 
to have cultivated some of the commensal nckettsis, found in ticks, on leptospiral 
medium containing 0 2 per cent of a carbohydrate , when 1 per cent of agar 
was added, and the medium was slanted, surface colonies were obtained Working 
with the nckettsiffi from Rocky hlountain fever and from typhus, Wolbach and 
Schlesinger (1925-21) succeeded in obtaining growth in tissue cultures The 
orgamsms survived and multiplied only m the endothelial cells Primary cultures 
remained ahve and virulent for 1 to 2 weeks as a rule, and later generation cultures 
for 2 to 4 weeks Nigg and Landsteiner (1930) shoued that cultivation of the 
typhus virua could be accomplished m a medium, similar to that described by 
Maitland and Maitland (1928) for vaccinia virus, which contains bvmg but not 
actively proliferating cells. A study b> 2jasser and Scboenbach (1937) of the 
grow th of nckettsise in such a medium showed that multiplication of these organisms 
did not begin tiU after the tis-siie cells had ceased growing actively This was 
different from the bchavnour of viruses, which multiply most dmmg the stage 
of tissue cell growth Buruet (193S) has made similar observations and would 
regard this difference in metabolism between the rickettsire and filtrabie viruses 
as of elavidcatory volue Another method used successfully in the cultivation 
of the filtrabie viruses, namely growth on the cbono allantoic membrane of the 
developing chick embryo, was found by d« Cunha (1954) to be appbeable to 
nckettsias An even more successful method is that described by Cos (1941) of 
growing iickettsis in the )olk sac of the developing chick embryo Pure or 
practically pure strains of H proimzeh may be obtained by IVeigl’s method of 
intrarectal miection of body hce with infective materia] The intestine of the 
louse IS practically free from ordinary bactena so that it serves as an almost sterile 
medium for the cultivation of rickettsis In practice in into cultivation in the 
tissues of a susceptible ammal, such as the testicle of the gumea pig or rabbit 
13 frequently empfoyed lot preserving strains ot* typhus vims , accorc&ng to 
Kodama and Takabacht (1931), viruses kept m this way undergo no change in 
antigenic structure or pathogenicity Certain nckett«ial strains, such as R mp 
ponica, can be cultivated in the antenor chamber of the rabbit s eye (Nsgsyo 
el al 1930) After an incubation period of 4 to 8 days intis develops similar 
to that occurring naturally m tsutsugamushi fever Histological examination 
reveals the presence of peculiar corpuscles in the endothelial cells of Descemet’s 
membrane, consisting apparently of coloniea of nckettsuo The animal method 
of cultivation has been apphed particularly to R prouazeki and E moosen in an 
effort to pTcviSe iaavy au^ensions nf xiokettsu® for Berolqgjcal and vamnation 
purposes The mouse’s lung has proved particularly useful for this purpose, 
the animals being inoculated rntranasally (OLamoto 1937, Castaneda 1939 Durand 
and Sparrow 1940, Guoud and Panthier 1W2) 

Little IS yet known about the grouth rejuirewewls of Rickellsta, bat interesting 
observations have been made Pinkerton and Hass (1932) found that in plasma 
tissue cultures J? proicazeJn grew best at 32* C This behaviour may be related 
to the preference that some species of nckettsiso show, after inoculation into the 
peritoneal cavity of the guinea pig for growth in the scrotal sac, where the tem- 
perature 13 lower, rather than for the general peritoneal cavnty In the Maitland 
medium growth occurs equally well at 32* 0 and at 37* C This apparent dis 
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crepancy may be due to the circumstance that in plasma tissue cultures the cells 
are multiplying actively, whereas m the Maitland nieilium mitobc di\T-»Jon is 
rarelj «een From the«e obser. atroo'^ Ptnherton (1934) drew the cooclasiou that 
typhus richettsi'c grow l^e^t m cells which arc metal oliang rIowIj That this 
explanation k> correct is rendered probable bj tbe work of Zinsstr and Scboeabach 
(1937) and Burnet (193S) Thus Zmsser and Schoenbacb found that m tissue 
culture nckett«i£B underwent no appremhlc multipbcation till the tissne cells 
had ceased to grow actively 3 iruses, on the other hand, multiplied most abun 
dantly during the stage of tissue cell growth Burnet (1933) made similar observa 
tions on the nckett'na of Q fever It wonld appear that, in this respect, there 
13 an important difference between the metabolism of B^eidtsia and of filtrable 
viruses The reason why nckettsia grow better at 32° C than at 37“ C in plasma 
tissue cultures and in the scrotal sac than to the pentoneal cavity, is probably 
not becau'e they prefer the lower temperature m itself, but b'^use tissue cell 
metabolism is less rapid at this temperature than at 37® C. Further observations 
by Burnet and Freeman (1941) on egg membrane cultures *nggest that fickettsi® 
grow only in regions where there is an abnndant supply of oxygen The anthors 
recall the fact that the nckettsim are essentially parasites of tb* vascular endo- 
thelium which is nch m oxygen, and eiplam their better growth m the later than 
m the early stages of tissue cultures on the ground that, not t2I active tissue 
growth IS over, does the oxidation reduction potential of the cells nse sufBnentlv 
high to enable nckettsis to multiply Other factors that favour growth of 
ncketUis in the animal body, each as nboflavui deficiency, beoxol pououug 
and X ray irradiation po^bly act m the same way, namely by lowenng istra 
cellular metabolism. 

Though mo«t of the pathogenic species of Ficirttsio seem to tequiit intia 
cellular conditions for growth B mppontca and B burndt are both said to be 
capable of growth ontaide the cells though not, of course, m a cell free medium 
A further ifference m the metabolism of different species is shown by the fact 
that the typhus group of nckettsis multiply exclusively m the (^tcplasm, whereas 
the spotted fever group {R ncA-ritn) grow best withm the nucleus. 

The Besistance of BtcXetlna has not been fully studied. Tbe nckettsis o! 
typhus, Eocky hlountam fever, and heartwater are said to be easily inactivated 
by heat drying and chemical disinfectants, but R yutn/ana is said to be more 
resistant {Ojwdry 1926) Tbe Trench fever Committee (Bruce 1921), however, 
found that the mfectinty of louse excreta was destroyed by exposure to moist 
heat for 20 rmnutes at 60“ C , and to dry heat for the same time at 100“ C Ark 
WTight and Bacot (1923) found that R protroreln remamed virulent for 11 days m 
louse excreta which had been kept diy at room temperature The \iabibty of 
rickettsife m infected tissues and in tissue cultures, as judged by their mfectmty, 
seems to be considerably affected by the temperature at which they are kept 
‘'pencer and Parker (1924) working with fi ncXetUx, found that certain tissues 
remained infective m pure glycerol for as long as 10 months if preserved at — 10“ C 
Isigg(193o) working with ^ moosen, found tluit tissue cultures in a •serum Tyrode 
mixture remained abve and vinileBt for several months at 37“ C and at — 20“ C , 
but generally died out m a week or two at the intermediate temperatures of 20* C 
and — 4“ C Sterile skim milk is said to be a good suspending agent for nckettsi® 
that are to be preserved m the dried state (Topping 1940) , and used a« a diluent 
it maintauis the virulence of R protea.cit at 26“-28“ C. for 24 hours (Anderson 
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1941) In setum broth at pH 6(4-85 nckettaial suspensions may be stored for 
months at — 77“ C with little alteration in potency (Elford aiid\andenEndcl944) 
Antigenic Structure — The difficulty of obtaining suspensions of ncLettsiio free 
from admixture with cells and other bacteria baa rendered the study of the antigenic 
structure of these organisms peculiarly difficult Lcdmghara (IS**©) and others 
ha\ e shown that inoculation of infectn e material or of rickettsial suspens ons into 
rabbits is followed by the appearance of specific agglutinins Advantage has been 
taken of tins circumstance to study the relationship of the pathogenic nckettsin 
to Proteus X strums AVithout entering here into the practical performance of the 
M eil Felix test (sec Chapter 83) it may be mentioned that the serum of patients 
suffering from typhus and typhus like diseases freijnent)} agglutmites ProteurOX 19 
or one of its variant strains OX 2 or OX K Castaneda and Zia (1933) studying 
R jtroicazeh and Proteus X 19 by the agglutination and absorption of agglutinins 
technique found that these organisms behaved as if each possessed a specific and 
a group somatic antigen IVhite (1933) using m addition the precipitation test 
obtained evidence of the existence in \ 19 of two distinct heat stable somatic 
receptors (1) an alkab labile receptor (Castanedas P factor) which is mainly 
responsible for the agglatination of this organism by its own antiserum (2) an 
alkali stable receptor (Castaneda a \ factor) which is responsible for the reaction 
of tins organism with the sera of typhus patients WI itc s conclusion rccened 
confirmation from the further work of Castaneda (1934 1935) who was successful 
in evtractinp specific soluble substances of polysaccharide nature from \ 19 and 
I? prow ell These substances laae already Wen referred to os P and \ It 
appears therefore as if Proteus 1 19 and R proco-eli possess a comn on alkali 
stable antigenic factor (X) of polysiiccbaride nature wlich is responsible for the 
^^cll Felix reaction In a Iditioil Proteus \ 19 conUms a specific alkal labile 
receptor aUo appareiitl) of poly&acchande nature which plays no part in tl is 
reaction (see diapter 27) Whether R prowazelt contains a specifio receptor of 
Its own wmjlar to the P factor of Proteus T J9 is not yet rJeor 1 ut there seems 
bttle doubt from Castaneda and /laswork that it possesses a heat labile antigen 
behaving m much the same way towards- the heat stable antigen as the \ i antigen 
of the typhoid bacillus does to the O antigen Topping (1911) has reported the 
existence of a soluble substance present in the supernatant fluid after ether 
extraction and centrifugation of yolk sac cultures of R proica^h possessing appar 
ently the same antigenic properties as those of the intact organisms 

The relationship of the different types of typhus virus to each other and to the 
viruses of Rock) Mountain spotted fever tsutsugamusUi fever fiivre boutouneusc 
lick bite fever and Q fever has been studied partly by serolopcal methods on I 
partly by cross protection te«ts :n hymg animals. The interpretation of tl o 
results IS 60 closely bound up with the M eil Fel« reaction and with tlie clinical 
and epidemiological characteristics of these diseases that it is proposed to defer 
further discu'Sion of this subject to (3iapt«83 Suffice it tossy that there appear 
to be at least three major receptors in Proteus X atrams repreiented by the OX 19 
OA 2 and 0\ K t)pes wl ich corrcsponl to similar receptors m nckctt'uvl strains 
isolatoil from different t)q litis an i typhus like diseases Ciuca an I Ins colleagues 
(1933) have si own tlsat all tl rce receptor* are • f glycolijn 1 1 nature and can be 
extracted from the bodies of the bai^Ii by the tnchloracetio acid method. 

Pathogenleity — ks atreadj mentioned there are fiv o or six known pathogenic 
spcciesformaaandoneforcattJe leaviog aside this last species R rvmtnanltum 
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about which comparatively little u ksovn, we may refer briefly to the reproduction 
of the vanous nclettsial diseases m aaimals 

Pathogenicity of R prowazeki for — A febnie disease simulating typhos 

can be reproduced in apes, monheya, and gomea pigs by the classical Jou^-bome 
type of snrns , rabbits and rats are relatively resistant to inoculation Accordmg 
to NicoUe, Conor and Con«eil {1911 ) chimpantees are mote sensiti^^e than macaques , 
subcutaneous inoculation of 1 mb of human blood u generally sufficient to infect 
chimpanzees bat for macaques 4-S ml intrapcntoneally are required The blood 
of human patients is most viralent towards the end of the fe%er, bnt it is said 
to be virulent from 2 days before the onset to 2 days after the declme of the fever 
(Arkwnght et al 1919 20) 

After inoculation of typhus blood into monhyt there is an incubation period of abont 
a week followed by a nse of temperatore, which continues to a*cend gradually for some 
days justasinman, the temperature is maintained for 7 to 10 days and then falls rapidly 
A penod of hyptAbermia may succeed, followed a return to normal temperature 
Accompanying the fever there are general constitolional symptoms, such as anorexia, 
ruffled coat and conjunctival congeation , on the 3rd or 4th day a rash sometimes breaks 
out on the face Death may occur punng the early part of the fever there is a leucopenia, 
followed by a return to nonnsl , the leoeocytea continue to nse, passing above norma] 
during convalescence and not retunung to normal tSl about a month after inoculation. 
The disease can be passed mdefimteiv through monkeys. A single attack provided it is 
severe produces a solid immunity , but after a mild attack the unm unity is less marked. 
Instead of tvphns blood monkeys can be infected with a snspenaon of guinea pig brain 
tissue or with ground np Lee or loose excreta. Arkwnght Bacot and Duncan (1919) 
brought endenco to show that the monkey louse. Pedmnu# hx^etp*, became infected 
by feeding on typhns monkeys or after rectal injection of typhus blood and was able to 
t'ansmit the di^aae to normal monkeys. The infected Lee were found to contam nek 
ettats, Pcdicini from nonmoculated monkeys never contained nekettsis. 

Ottinea pigs can be infected by nrua from man the louse or infected guinea pigs or 
monkeys. The incnbatioa penod u generally 6 to 14 days, hut it may extend to ^ days 
(da Rocha Limal93(X}) , itia longer after subcutaneous than after intrapentonealmjection. 
The disease is charactemed mainly by fever The rectal temperature nses &oia 102® to 
103® F at the end of the mcubatioa penod remains at between 103* and 106® F for 3 to 

14 dav« and then falls to normal According to CrOnfeld Serebrjuinaja, and hemnann 
(1933) there is a mononuclear leucocytosis reacbmg its maximum as the f^ver declines , 
the mononuclear cells nse from 3 per cent, to between 6 and 14 per cent The animals 
recover and are subsequently immune to a tresh inoculation. If killed, there u little to 
be seen macroscopicallv beyond slight enlargement and darkening of -the spleen and some 
times shaht congestion of the testicles, which may be covered with a gelatmoos exudate, 
hlicroscopicallv, both m man and m guinea pigs the maut lesions are Siund in the blood 
capillaries, especially those in the skin skeletal muscles and central nervous system. 
They consist of thromboses with penrascular accomulations of celQs, often accompanied 
by small haemorrhages. In the central nervous system charactenstio nodales are found 
simulating tubercles. The pnntaiy lestoo is lo the eadothehal cells lining the walla of the 
capHlanes. Rickettsia have been demonstrated m the lesions of the skin kidnevs. testicles 
bram and other organs m man (Wolbach et al 1923) The b'-ight and duration of the 
fever m guinea-pigs is vanahle and great care should be taken before concluding that it 

15 defimtely caused by the typhus virus. Eckrr and Weed (1933) and Badger (1933<i 6) 

pomt out that symptoms very sugaestive of mfectioa with Jl proimsih or P ncfeCn 
may be produced in gomea pigs by certam organisms of the Prohuv and groups. 

CulturaL serological and cross-irnmniatv teste may all be required to establish ths real 
causative agent m any given febnie conditioii. According to Arkwright and Bacot (1923), 
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the most ccrtam Tray of estabbshmg that an attack of fever m the gumea p g is really due 
to the trphns nrus is to inject hoe intra rectally mth a suspension of tLe gumea pig a 
platelets and observe the development of ncLettnss in the excreta Infected gumea pigs, 
it tony be noted do not give a positive ITnl Ffclix reaction though natural agglutinins 
to Proteus OX 19 are somctimea present in a title of l/2o or less 

The typhus virus can be passed from man to mooli:} s from monle} s to guinea 
pigs and from gumea pigs to monkeys 

Pathogeolclt; ot R moustri lor Animals — The munne typhus virus gives ri<e 
m r^tinea pi^s to a disease difleting in certain respects from that caused bj the classical 
louse borne virus (Pinkerton 1929 1931, Zinsser and Castaneda 1930) After intra 
pentODcal mocnlition with (he mumie type the temperature rises rather earlier abo it 
the 4Ui to 6th day though the actual height reached may be less than with the lou«e 
borne type The scrotal and testicular reaction caused hy the mnnne type first described 
by Neill (1917) when investigating Mexican typhus is much more intense and n icro 
scopical examination reveals the presence of large numbers of nckettsiai — sometimes 
known as 3Ioooer (19’S) bodle‘^--ln the tunica vaguialis On the other hand nodular 
lesions m the bram ate more frerjuent in louse Eiome than m raunne type infections 
P moo-ten is further distinguished from It prmea^Lt by its abilitj to give rue after mtra 
pentoneal inoculation to a febnie disease m rats accompanied by proliferation of nckettsue 
m the scrotal sac , B prowaseLi causes a completely uupparent infection m thc«c animsls 
Sloreovcr, B mooseri causes a heavy infectiOD of the lung after uitranasal mocoLition 
into rats or mice (see Castaneda 1939} whereas B protmuh usuallv grows much less 
abundantly Incidentally it may be noted tbst when growing m the lungs of rats or 
nhbits the muruie virus may give nse to intniceUalar melusioo bodies of the morula 
type constetmg of colonies of nekettaix (Be^ et at 1944} Cross immunity te«ts indicate 
that the two tvpes of virus are very closely related (Mooser and Dummer 1030 NicoUc 
and Lnigret 1932 Zuuser and Castaneda 1934) More recent work — mamlv unpubb*hod 
— suggests, however that they ore not antigemcally identical 

Pathogenicity of R rfeketUl lor Animals — ^The disease produced m guinea pgs by 
inoculation of Rocky Bloantalu spotted (ever nnis is similar to that caused by the typhus 
viru« but IS much more severe After intrapentoneal inoculation with the Ucstera 
type the mcubation penod is usuallv only 2 to 4 days The temperaturo nscs rapidly to 
about 106® F , and death usuaDy occurs wilhm a week. From the 3rd or 4th day of tl e 
fever swelimgs and haemorrhages oftboscrotum and ears occur which may go on to necrosis 
Post mortem examination shows a considerable enlar^ment of the spleen and frequcutlv 
a marked scrotal reuetion with rickettsial bodies m the tunica vaginalis The Eastern 
type 13 said to bo less virulent but both vinises prmluce a characteristic rash in tl e monkey 
(Badger I933e) 

Balb It can be infected with the Rocky Slountain virus they develop a febtilo diaoasc 
rabbits moculated a ith the typhus virus do not react at alL It is mlcresting to note as 
in heating tho closenc^ of the relationship between the two viruses, that rabbits expen 
mentally infected with the Rocky Slountam virus may devefop agglutinins to Proieiu C fl? 
and give a positive \\ eil Fchi reaction rabbits inoculated with the typhus virus likewise 
develop acglutinms — usually to a rather higher titre (Munter 1923] But inoculation oi 
a rabbit with typhus is said not to protect it against subsequent moeulation with Rocky 
Mountain virus mdieating that though both nnises clowjy resemble each other anti 
gerucallv thev are distinguishable by their nrulence and by their Immunizing properties 
J xpenenents on guinea pigs, however mdieatc that inoculation wath either virus provi Ic* 
a certain amount of protection against subwfqocnt inoculation with the other (Brem! 19'*3) 
White mice an I rat* are eaid to develop a ermptomless infection after intrapentoneal 
inoculation « ilU Roikv Mountain «i>c.tted fever vmis (Fukuda 19-®0) hut after intranasal 
inoculation tl ev develop pulmonary Ic* ons in which eonsidcral le numbers of rfekettsia: 
are present (Durand and Tiroud WO Durand and Sparrow IHO) 
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Palho^cjcitT of R- Bipponka for Acfoifs . — tithsk of UctjcnsssU fnrf, cJJe 
ft^ ei aad typhus appear to I* do9*^v rd» ed. T1 »t are »>. as a nj> twv KsfertiT^ 
trs gmaea-ptr®, tbcnizh ocrasJoaal «tTaic3 vt*T p’ovv kiriJ r fatal, grc^ nse to as-'les asd 
fpkme enlarseineot tRei iiitrapcTlt«)nl laocclat)^^ In wErte rats tiarr an 

icapparent icfertjofl. One of liwir most •‘rikner propertes B tt-eir abIL*T to groe nyo 
to an aetrte r^clwn. rinrartmzrd br nrcoaj-WfBoaJ m^ociwa. mU?, tarfeaLir of tie 
aqWKis bnaotir pannns. and tbe of rrci^^tBai loliss m l>«c«ne' s ia»iat>rano 

on iDocnJation into tboaa enor cbssal«^tb»rTecf (Naratt) rf of l*Qf Lrrtb 

wmiteand ‘^TocT f*^ l**y) The f*rvza of tbg anonal* o*’ eg ac:fatiBates PfJe % » O T K 
10 dar^ oo so after nwcolsti^ Tfce rmwes of tbis ^’wip are fiirtbe' dfeicuiB^bod bo 
the nlcmtioa aod bubo f<«sat»n »hs4i tber cansooo intrat^laatoos tis *»<:•««’ of wosiryf 
The nnj« of ficrre boatoon^ise appears to be the onir o W ksarm Ft hfUm that na 
peodacea markedkxalle'xaiaiaonieTs. Af.e»if'tiaimtoo»alu»ciilit?vi lafsrtjTc 
matensl from the ralbrt « ete Ear di» a a fc*tru.bt or ^ port CKjrtna. there 
B a stjctv ficid la the pen oae mn wgit<.g.rig Urje canber* of nde^tn* 

Pathe^tuerty ef B. Innitti for Aatoals.— This or.acLna nar eaose a fehnie reael uo 
m rtomlf^i tzkomlatod mtra«:taaeoQ.lr or roWatanecealr No Vxa] oemrs ci 

the «Lifl ermHar to that «een after U5tram*aneoai tnoeulitifio with B ttip^nmua (Ei.rnet 
and Freeman 1**3"1 Inorolarfd inttapentcneaLr rnto it pves nse after 

an incnMtxio pmodrfS to f*i djr«i— d^peo-lm^oa th* do?e — toa felinle noo £su! cL-ea»- 
of 4 to 6 div* daraty«. If the aatmal i« OmJ dann; the faet h cf the lafertiCB. th" 
syfcen u fc^nd to be eel»T<*ed. The sae v> feld-ea aSW'ed. *Jxcs» o'" 

cnsm are more rmleBt than tboee of ^n-traLao Ortaa fre^'WtV jTodacinjr a Ehnoixa 
esndate ammd the ep'een tn ^rtith lar— niunI<e-9 t€ n l^v>5» tsia l« desscnrtrated 
nuerompieallr The lirer i.f £ .ii !» e a mocnla'ed inth ^ rtiara «aa be thvrn 
\ T moenbbcn to be hi^ilr lafertire (Demeh Drw |'t?> T5an^ aad Frmsan I'TOt 
J/*or mU arid are aS rssceptible tot scft-r ftosi aa tsappvrct laf'et.XL 

In «v* killed to 10 dars afte- a bearr in raperftooen] ino«ilat<oa. the trer u enUr:^ 
and pale and the «j4eeo u often pwtW erdar^d. tenj^ aad a naifcrta d-ep led ceJrw 
Piokettfue are p te vr t in rmean from both <s9a> (B ig aet ataJ Firemaa I'tJ" I'S'*). 
ilte* loocnlated tctianmllr oae develop paencHcilu. chanotemed be inr'*nlariT dis* 
tnbn ed Dodnk* cf cce^cudatxKi. in iduch laep-nnmVr* of n<^et*»j» can be daryTortmted 
(FmdSiv I'M*} 

Patheye&ieity of S. ^risuaa tor Aalsak.— TiVe haie bnle exaet kaowled^ of th* 
behaTwnrcf the nna of treseh ferer in labon ory Da Bochi Tjt~< (l^ay) 

Fta es that a Ensall jnportiao of pnEwa-p^ mav derelop a liir cEd-latos f*Ter afte- 
moonlatK^ with matmal oootaisiaj th» oi—aaisa, bat that tsf*cticBi e:«*"ei be tiaaa- 
mitted br passa'*? to fresh «tiw»U 

Kotes OD a few SUSCdltBeOnJ nT r a nTer^e 
E. ro^a-Eiaffi. — Tks o»*nim.g» was d“*cnb»d br TFe?«d a 1^1 It u appar 
entlr a pstasi e of the bodr ]on«e. It is distiarci_b<id frtsa P jxdmili br jnofpho- 
logical peculian ie'andit«Tanab3.*T («ee a*-^ p 1S52) Intrrfoced into a rorV 
bee it mar spread with eitis(rdma”r rap^tr (We.-I ISS^) There ts reasoa. 
to beLeve that it mar give to a b»r'e*staii in man. It has been regard'd 
br ‘ome antho'*' as the cause of tischoma bat the en t^cee in faroar o' th.3 
IS tmcormncinn {«ee Change* ® ) TITsn*' lelaftoa F roe}a-1tt>v^ ba« to nsHir 
ndrettns found in lice *acb a. F and other*, L *dll doabt^al (»ee Herzir 

l‘i59) 

E. conjnaetiTm, — Colfts(l'<51 l«So)ia^x«itli Wncad»«crib»daiictettni 

fil e orgacimi m the conjnnetiTal ep- bdnmi of sheep goats a^d ca tl*. Some- 
times Its presence was accompaisjed br jiSammauon. A g*r.?aT ergamsm was 
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met with by Donatien and Le^toqnard (1937a} m their study of an epidemic of 
conjunctivitis among sheep in ilgena The organism has not been fully examined , 
from its description it appears rather large , no arthropod rector is known , and 
it IS doubtful whether it belongs to the EtelefUta group According to Giroud 
and Panthier (1939) there is no such OTgani.in as R eonjunciira the bodies that 
have been mistaken for it are tie result of bacteria undergoing phagocytosis, and 
can be found m the conjunctiva of normal cattle 

R. cams, R ovma, and R bons — ^The«e organisms, which were described by 
Donatien and Lestoquard (1935, ld36a, 6, 19375) m Algeria ate believed to be 
parasites of the mononuclear cells R cams is said to be responsible for a severe 
disease of dogs , the other two species are said to give nse to a relatively mild 
disease m their respective hosts There is evidence that mfection is transimtted 
by ticks Whether they are true micro-organisms and, if so, whether they belong 
to the RicleUsta group, or should be classified in some other genus, must await 
further stcdy Again, their relation to the intraceHnlar bodies found by Eurloff 
in the mononuclear cells of the goinea pig’s blood la doubtful (*ee hlochovski 1937) 
Classiflcaboo. — ^Most of our knowledge on the relationship of the pathogemc 
rickett<ue to each other has been gleaned from an examination of the sera of 
patients and expcnmeotally inoculated rabbits and from cross itnroniutv expen 
menta m ammals. The results of these will be more conveniently dealt with m 
Chapter 83 Suffice it to «ay here that, excluding R gutniana about which our 
information la very sl^ht the nckettsis pathogemc to man may be classified 
broadly into four groups the typhus groop, the «potted fever group the tsutsu 
gamushi group aud the Q fever group Within each of these groups there are 
t)*pcs of Kiclettsta, sometimes with a cucumscnbed geographical distnbotios, that 
differs from each other in their insect host, id their nrulence for man and for 
experimental ammals, and in their apparent aougemc structure Whether these 
types should be regarded as species or as varieties of the mam tjrpe it is at present 
impossible to decide (For ^naraJ review* on the ncketLsn© see Arkwright 1921, 
Wolbach 1925, 1941, Cowdry 1926, Pinkerton 1942, and for useful techmcal 
infonnatioQ on their study see Clavero and Gallardo 1943) 
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CHAPTER 40 


THE PLEUROPNEUMONIA GROUP OP ORGANISMS 

TE'?TATm DeFI'JITION 

Jlicroscopieally visible, estremely pleomorphic organisms showing granules 
rmga eoceoid fonns, filaments and other bizarre forms Some forms can pass 
coarse bacterial filters Size of smallest elements vanes from about 125 to 250 m/t 
Non motile Staui poorly with ordinary bacterial gtams, but well with Gierasa 
Gram negative Grow in nutnent media in absence of living tissue cells Facul 
tative anaerobes Form characteristic minute colomea on suitable sobd media 
Parasitic species require a high concentration of animal protein m the medium 
Readily deatrojed by heat Apparently no special resistance to glycerol Some 
species are bile soluble Aniigemo specificity is usual, but not complete Abibty 
to give nse to incIa<Lon bodies m tissues very doubtful Considerable degree of 
host specifiuty Immunity following disease does not appear to be specially 
lasting 


Though the orgatusm responsible forpleuiopneumoma of cattle (see Chapter 64) 
was recognized and cultivated bp Nocard and Roux as long ago as 1898, it u only 
within the past few years that a Dumber of closely related organisms, some patho 
gemo, some saprophytic, have been described, and that the importance of a large 
group of oiganisms pos«essing unusual and distinctive properties has been realized 
The complex morphology of the pleuropneumooia organism was described by 
Bordet (1910) and by Borrel and his colleagues (1910) The fact that Berkefeld 
filtrates often proved infective aRorded ground for the belief that it was a filtrable 
VITOS The more recent observations, however, of Barnard (1926), Smiles (1926) 
Grekov (I92T), Nowak (1929) WroWewski (1931), Ledingbam (1933), Klieneberger 
(1934), Tang et al (1935, 1936), Turner (1935), and Merling Eisenberg (1935) 
have rendered it probable that only the tiny granular or elementary forms, and 
the plastic filamentous forms, are capable of passing through coarse filters 
The second orgamsm of this group *ras described by Bridre and Bonatien 
(1923, 1925), who isolated it from sheep infected with contagious agalactia (see 
Chapter 84) In 1935 Klieneberger reported the occurrence in cultures of Slreplo 
bactllus momhformis {Aclinomijces mvns) of a pleuropneumonia like organism now 
referred to asLl, living apparently m symbiosis with the bacillus This discovery 
formed the start of a fruitful series of investigations By means of the technique 
that Klieneberger described for their coltivatioii, she and numerous other workers 
diirmg the following years succeeded m isolatmg, mainly from rats and mice, a 
number of different species of pleuropneumonia like orgamsms The existence 
of similar saprophytic orgam'ims was demonstrated in sewage by Laidlaw and 
Elford (1936), and confirmed by Seiffert (1937a, h) 
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The systematic position of the«>e otganisnu haj giren rise to mach dj«^u5 ion 
The canons association of LI withS/r«ji<o6aciIfu»woni7i/on7iijtasbeeD mparticalar 
the snbject of wide 'peculation. Though Klieneberger herself regard it as a 
symbiont, other workers, notably Dienes (1939) and Heilman maintain 

that It is merely a variant form of the bactQss It is too early as vet to form 
any «onnd judgment on these conflictmg wews. The fact however that non* 
of the munexons other plemopnemnonia like organisms has been found aciwmpauy 
mg a given bacIHns does tend in oar opinion to snpport Klieneberger s contention 
In this regard the clos* association of the genetically di'tinct foaform bacilli and 
'pirocha?tes found in YIncent s angina will be recalled to mind 

Apart &om then peculiar mode of reproduction the pleuropneumonia group 
f orgamuns «eeni3 to fall in between the bacteria on the one band and the 
and filtrable virus group of organi'ms on the other Thev ate distinguished from 
RicldUra mamly bv their extreme pleomorphism and bv their abilitv to crow 
on nutrient media in the ah'-ence of living cells. Ttom bac ena thev seem to 
differ le«s fundamentallv but the filtrabilitr of their smalle't elements an 1 their 
limited metabohe powers as-ign them a place at the lowest end of the bacterial 
«cale What relation they bear to the gronp of cocco-baciDifo’m bodies believed 
by NeUon (1936a b I**3 1910} to be responsible fo’- fowl coryza and for infectious 
catarrh of mice and rats it u impoa- ble to ^ay though it mav be noted that th* 
organisms described bv Nel'On were le'S pleomorphic and grew onlr in the pre eace 
of living cells. 

The nomenclature acd da^aficatioo of the pleuropceamoDia group of organisms 
present grave di£caltie Lediogham (1933) would place them in the familT 
Aetxnom jtetaette Tainer(l'*l>)tnanew order ofSoirr/omycrtoles &nd^bin(19fl) 
in a new class of Paramjtiiis Klieneberger and ^miles (1*^4'') acre* with Sabia 
that theu mcla.!on among the Scht omjtK tits hardly ]u<tiSahle. Until we know 
more about the genetic relationship of the'^ organisms to the common Kaeferu 
It seems wiser to refrain from premattue commitments and to 'uffer the discomfort 
of ming a clumsy though comprehensive tem like the pleuropneamonia croup 

In the remainder of this chapter we «baD give a faiilv full de«cnption of th* 
original tvpe spemes and brief accounts of the olheis. Those who wish for further 
informatioa should conrult the renew bv Sabm (1*41) to which we ourselves 
are indebted. 


The Organism ol Pleuropneumoiua 

Culhrabcm. — ^This organam which u sometimes referred to as Iifmcofcui 
njcoides (Borrel rf o/ 1 *> 10 ) can be cultivat'd on a number of different m«dia, 
but most workers have used serum broth or senim a'^r Growth is sa d to occur 
under both aerob c and anaerob c conditions according to Turner (193-0) micro 
aerophilic conditions are mo*t saitable The optmmm temperature for develop- 
ment 13 3 <* C no growth occurs below 30 ’ C (Tang tl al 1 * 130 ) With freshly 
isolated strains 2-3 day serum broth cultures often contam distinctive mucoid 
Llands and threads vuble to the naked-eye while dark-ground exanunation msy 
reveal the pre^nce of minute colome^ tie malle-t of which i about I**/! m 
diameter (Tang et al 1956) With older trains onlv a general clondmess of th* 
med urn is seen. On sohd media dew-drop colonies appear in 5 or 6 davs Under 
the microscope these are often nmbonate and consist of a yellowish brown granular 
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centre Burrountled by a smooth transparent peripheral extension {Fig 223) Well 
developed colonics may reach a diameter of 2 mm Cultivation is abo aucccssful 
on the chono alKntoic membrano of the developing chick embryo (Tang et ol 1936) 
Swift (1911), however, found that both the urgsoism of pleuropneumonia itsell 
and see eii other ptrauis of the same group grew better on dead membranes, prepared 
b^ freezing tbe embryo for an hour with d^ icc, than on living membranes — a 
pomt of possibly some differential importance from HKleU^xa and the filtrable 
viruses On living membranes no constant macroscopic lesions were produced, 
and the embryo was not kilted. 

Morphology — ^The morphology of the organism is influenced by a number of 
factors, particularly the age of the cultare and the methotl of evamination Growth 
of organisms of the pleuropneumonia group appears to be accompamed by the 
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formation of large amounts of cholesterol and cholesterol esters from the serum 
in the medium (Partridge and Ebeneberger 1941) These bodies are pre«ent as 
the myelin forms of lecithin, and arsume the most biearre shapes (Wilhams 1941) 
In addition there is reason to believe that the protoplasm of the organism itself 
IS in some stages of its development peculiarly plastic, and is readily distorted 
by external pressure or tension Smee many workers have used different methods 
of examining cultures, and since most of these methods have entailed a nsk of 
distorting the microbial elements, it is not snrpasing that the observations recorded 
have often been diverse, conflicting, and difficult to interpret More recently 
KJieneberger and Smiles (1942) and Kbenebe^r (1942) have described methods 
for examining cultures m silu, either by reflected bght on a dark ground using 
annular oblique incident illumination, or by fixation and staining The use of 
these methods suggests that the developmental process of tbe pleuiopneamonia 
group of organisms is simpler than had formerly been believed, and that tbe 
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majority of bizarre forms described by previous observers (see Ledingbam 1933, 
Turner 1935, Tang tt a? 1935) were not essential morphological stages of growth, 
but were either myelm forms or the result of distortion of the plastic elements 
of the organism Agreement, however, has not yet been reached on the true 
morphology and mode of development of the pleoropneamonia organism, and we 
shall therefore give (o) one accoant based on the older methods of exannnatton 
of ebde preparations by transmitted bght on a dark, ground or by the staining 
of impression films, and (6) another based on the mote recent methods of esamina 
tion of the wgamsms in situ, either by reflected light on a dark, ground or by 
fixation and staimng 

(o) 'By Oliti 3f«rtods ^ Examination — ^At the nsk. of undue simplification, we 
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shall follow Tang and his colleagues (1930) in describing five morphological stages 
in the growth of this organism, (o) Granutar slaye Small granules, coccoid, 
diplococcoid, and cocco bacillary bodies are seen, usually 0 15-^ 4 /x m diameter 
Turner refers to them as “comdjoids” They stain deeply with Giemsa, and 
may be regarded as a restmg stage (Fjg 224) {b) Ftlammtous tlage Oninocnla 

tion mto a fresh medium the granular bodies grow into spheroids about 0 4-0-8/i 
m diameter, and develop on their periphery one or more spherical buds (Figs 225, 
226) These gradually move away from the patent body, but remain attached 
to it by a filament (Fig 227) In old strains this filament is usually very short, 
and resembles with its terminal bud a spom^ tetanus bacillus In freshly isolated 
strains, howei er, enormously long filaments develop, sometimes crossing several 
fields of the microscope Endomycebal protoplasmic streaming is often notice 
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able The filaments Btain vetj poorly with Oicmsa (c) Staije of nmxfeahon. 
During the process of streaming, areas of protoplasmic condensation appear 
at various points m the filament, and form the starting point for the outgrowth 
of fresh filaments A tangled branching mycelium is the result (tig 22S) In 
older etnuDS tbs stage is lacking (d) Staje cf chain famaiion Jn tlm stage the 
streaming protoplasm condenses rapidly at multiple ivunts, po that the filament 
takes on a streptococcal appearance (hig 220 ) (c) Sfaffc of disintfrjrahon The 

chains break, up, and set free a multitude of gmnulir and coccoid forms thus com 
plctingthecjcleofdcielopmcnt Is oU cultures, in nhich the filsmentous stage 
IS lacking, the buds m the second stage become detached from the parent bodj an 1 
cither grow out again info spheroids which themsclics start hud ling, or remain 
in the granular pha.se 

It will be seen that reproduction occurs partly by budding and partlj b) 
fragmentation Turner (193o) has described no fewer than fne ilifTin tit methods 
of reproduction, and the reader who is inferosfed will do well (o ref rt) fits 1 eauli 
fullj illustrated paper Again, reference must be made to I/xlingham (1933) and 
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B Butts detached from spheroid an t be<«rauig elementary liodira. 

KUenebergor (1931) for the mode of origin of tbc aibnonic forms, rlmmiatie nodes, 
large osal swollen bodies, and other elements that are seen m prepirations from 
colonies on sob 1 media, and to Tang and bis colleagues (1*'3C) for a description of 
tbc apjiarentK rare anitrlxiul and psnt nng forms fi" 2.V) n*| revnts diagram 
maUcally the apparent sequence of deselopnient, 

(6) Dy Actfcr dfrtAoda of ftamtinlion — ^The picture obtained by Uc rewe* 
metbftd-s of examination referred to on p 911, is mueb simpler IVlowing 
Klienelrergir and bimles (I9ii), we n»y describe two methods of muluphcation 
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(1) segmentation and (2) the formation of elementnrr rorjuscles witlim a bodr 
sunoundeil l>j a limiting menil mne (1) Starting as an el mentarv corpvL«cle 
or granule (Fig 23ln) the org-mimi giovs into a smnll re oUalle sphere which 
may take on an irregular {h) or e\en filamentous (e) shape This then dindes 
into a variable number of segments (d e) whicli may or mar not sep-inte from 
each other (2) Starting m the segments resulting from (Ih) darUi stained bodies 
(/) probably consisting of nuclear material (see Klienebcrger 1912) appear These 
then <bvide forming multiple elementary corpuscles vnthrn ft body surrounded 
br a limiting membrane (g) later each of the*e corpuscles U liberated appat 
entlr surrounded by a small portion of crtopla«m (fi) This stage it maj be 
remarked, recalls to tmnd the formation of merozottes in the developmental cvcie 
of the malarial parasite later stiU the cytoplasimc ‘heath is lort and the 
elementary corpueclea remainmg (a) are indistinguishable from tbo>e from which 
the original cvcie df'cnbed m (I) began 
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(A) liberated granalea atiU sumninded bv retoplasm 

Resistance, Uetabolism, Biochtsucal Beacbons and Anbgenie Stiuctnie — 
-tccoiding to Tang and hia colleagues (193a), serum broth cultures mar remain 
viable for 45 days at 37” C , and for 9S davs at 0*-5® C The organisms are bile- 
soluble, particolarlv m the filamenfoos stage, but are verv resistant fo ultra violet 
irradiation and to the photodynamic action, of methvlene bine (Tang ef of 1*136) 
They ferment glucose, maIto«c, and dextrin, and to a less extent sncrose, with the 
pnxlnction of acid but not mannitol lactose, or sabcm Hsmoglobm is reduced 
by freshly L.olated strains Warren (1942) rtates that growth is prevented by 
10 per cent COj that a h'emolysin is produced that methylene blue is decolorized 
in the presence of lactate and that the tune-potential curve differs from that 
of the L group of organisms. Little is known of the antigeme structure of this 
organism but there is some evidenee, based mainly on cross protection tests of 
the existence of more than one umnnnologica) type 
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Pathogenicity —The organism is naturally pathogenic to cattle Experimentally 
the subcutaneous inoculation of 05-1 0 ml of infected lymph or a vnrulent culture 
produces in 8 to 2j da^s a tca'ie hot painful inflammatory sire]} ng accompanied 
ly high fever an 1 often followed ly death Incision of the skin over the affected 
part IS followed I y the exudation of a clear straw coloured fluid often amountint' 
to several litres Post mortem the conneettre tissue meshes of the lungs are dis 
tended with an immense quantity of clear yellow flmd which is here and there 
coagulated into gelatinous tremhlmg masses Microscopical exammation of the 
freshly collected fluid reveals the presence of forms similar to those seen in culture 
the mycelial phase appears to predominate (Turner 1935) Ifc is nteresting in 
this connection to note that only freshly isolated strains showing the filamentous 
phase of development are fully virulent There may be a little serous exudate m 
the pleura] cavity and the thoracic and ingutoal lymphatic glands may be affected 
Acconlmg to Daubney (1935) the typical disease can be reproduced by mocualtion 
into the jugular vein of lymph or culture i iixed with a few millilitres of 10 per 
cent agar The emboli are held up m the lungs and form the startugpomt 
of the disease Goats and buffaloes appear to be susceptible to experimental 
inoculation but laboratory anitnaU ate resistant (Kocard and Houx 1898 Tang 
el of 1935) 

The Organism of (tontagions Agalactia 

This organism was isolated by Bndr4 and Donat en (1923 lO'^o) from infected 
sheep (see Chapter 84) It has been studied by Isowak and Wroblewsb (1930) 
Mioblewski (1931) Ledmgham (1933) and Nowak and Lommaki (1934) Its 
general characters arc so similar to those of the pleuropneumonia organism that we 
do sot propose to describe them separately The disease can be produced experi 
mentally by inoculation with pure cultures The^oat is more susceptible than the 
sheep The subcutaneous inoculation of 0 5-1 0 ml of a pure culture is foUowed 
m 4 to 7 days by the appearance of a small local swelling which disappears during 
the following week After a further incubatiou penod of I to 4 weeks localising 
les ons appear in the joints cornea and m lactatmg females the udder The 
amount of milk secreted diminishes and a yellowish purulent flu d takes its place 
laboratory an mah appear to be insuscept ble 

Other Organisms of the Pleuropoeumoiua Group 

It is nnnecessary to describe m detail the individual features of the numerous 
other members of the pleuropneiinionia group that have been isolated All of 
them agree m being pleomoiphic though differences are evident m the range 
and shape of the elements that are formed All the parasitic species require for 
growth particularly on solid media a high proportion of animal protein For this 
purpose a 30 per cent serum broth or agar of pH 7 6-8 0 to which 5 per cent 
of boiled blood may be added is generally suitable The optimum reaction for 
growth appears to be about pH 7 8-8 0 below pH 7 0 growth generally ceases 
The appearance and rate of development of colonies on sobd media differ to some 
extent with different species Most membere grow better aerobically than anaero- 
licaiiy but the organism isolated from dogs and the L4 strain from rats are excep- 
tions Incubation m 10 per cent CO, is said to enhance the growth of LI but 
to inhibit that of other L organisms (Warren ISt**) Fermentation of sugan a 
very weak and the final pH reached is seHom lower than 7-0 Haemolysis tj 
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redaction of hsmoglobm result &oiD the gimrth of 'ome strains Antigemcally 
there is a considerable degree of specificifcjr thongh there la evidence of some gronp 
relationship among many of the members that bale been studied (Klieneberger 
1940) The parasitic species often seem to lead a hanalesa commensal existence 
in the body of their host though under certain conditions they may give rise to 
lenons of various types of vrhich aithntis is one of the commonest At least 
one species L5 forms an esotoxin acting on the central nerv ous system Virulence 
IS apt to declme rapidly m artificial culture Pathogenicity is limited usually 
to a single host «pecics. Some members are susceptible in the tissues to orgamc 
gold salts (CoUiet I939<i Findlay <t al 1939) 

The saprophytic «pecie« isolated from seirage earth and other situations 
differ from the para'itic species inamly m their simpler growth requirements — a 
high proportion of animal protein being nnnecessaiy for their development — 
their abihty to multiply at 2^* C in their antigenic structure and m their absence 
of pathogenicity He append brief notes on «ome of the commoner strains 
PleoropnetuDonU Strains In Dogs 

Shoetensael. (1031) isolated in pure culture an otgamsm sometimes referred to as 
AsttToeoteu.1 ranis from nasal secret on long and 1 ver of dogs suffering from distemper 
Two ant genic types ate recognired (Klieneberger 1939 1940) The pathogenicity of 
these strains to do^ and their relat onship to distemper are in doubt 
Pleuropaeomoulii Strains In Rats 

LI tflratn# — Kbeneberger (193S) de*ci)bed the isolation of s pleuropneumonia like 
organism from cultures of £(repto6(ict7(ua mon7 /emu which is a normal paruite of the 
naaophaiynx of rats (see p 98S} She obtained it in pure rultore and showed that it 
had the same colony type characterized by a central granular part embedded ui the 
agar nedras and a flatter penpberat zone as the organism of pleuropoenmorua It was 
filtrable through Betbefeld \ candles By itself it appeared to be non pathogenie Proa 
the long of one rat it was isolated independently of Slrrplcbaiiilui monQ Jomit (KbenS' 
berger 193S) Though Ebeneberger maintained that it was a symbiont. Dienes (1939 
1942) Heilman (1941) Smith (I94I) and Brown sod NunemaLer (1943) regard it as 
a vanast of the baciUaiy organism Kbeneberger s (1943) meet recent Dhserraliotis 
bring further endence m favour of the symb otic new She shows that the develop- 
mental cycle of the LI organism appears to bo almost ident col with that of the organism 
of pleuiopueumoiua as described by Kbeneberger and Smika (1942) and that the results 
of cross absorpt on te«ts made between StrtpuiaetBus immi/ Jormu and IJ are most easily 
expbcable on the assumption that the two organisms are antig,enically distinct 

L3 stmins Kbeneberger and Steabbeu (1937) isolated this organism from the bronchi 
ectatic lesions that are so common in the longs of old rats Jt is antigemcabr distinct 
from LI {Kbeneberger 1940) Though abscess formabon results from subcutaneous 
inoculation of pure cultures mto half grown mice it has so far proved impossible fo repro- 
dace the natural disease in rats (Kbeneberger and Steabben 1940) 

Li efrains — This organism was isolated first by Voglom and Warren (1933) from 
snbentaneous abscesses in rats following inoculat on with a rat sarcoma strain. Its 
relaboa to the pleuropncumoma group was not recognized till, later in the same year 
Kbeneberger (1938) reported the isolatiOD of an orgaoBm which she caUed 14 from 
the swollen submazallary gland of a rat Itiaant geoicaliy fb.tuict£romlJ or L3 IVhen 
inoculated subcutaneously or intrapcnloneaHy into rats it gives ri=e to abscess formation- 
inoculated intravenously with ccBs or a^r it produces a severe arthnlia, particularly 
in young rats An organism labelled L7 was isolated bi Findlai Sfsckenzie MacCaHnm 
and Kbeneberger (1939) from spontaneoas potjarthnlis in the rat but tins organism 
was later shown hy Kbeneberger (1939a) to be ident cal with 14 Its relat on to the 
organisms described by CoHier (193W) and Beeowkes and Cblher (1942) wbch were Hke 
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wise isolated from polyarthritis in the rat and to the orgatusms cultivated by Preston 
(1912) from the swollen joints and middle ear of rata is still m doubt Gold salts appear 
to be of prophvLietio value zn pratectu^ sgamat arthritis caused by the inoculation of 
L4 mto rats (Collier 1939o Findlay ct ol 1940) 

Pleuropneumonia Strains In Mice 

Pleuropneumonia Lke organisms in the mouse a brain were demonstrated independently 
by Findlay and his collaborators (1933) in this country whilo investigatuig lymphocytic 
chonomeningitis and by Sabin (1938) in the United States during the course of expen 
nients with I’lWopJojna Several other atrains biologically and imm mologioally distinct 
have since been isolated Fxeept m very joung mice they seem to be normal parasites 
of the conjunctiva nose and brain (Sabin and Johnson 194D) 

Lo and Type A slratna — ^L5 was isolated by Findlay and h s colleagues (1938) from 
the brains of imce suffering from rolling dueax A similar if not identical organism 
W1S isolated by Sabin (1938) who showed that it produced a true exotosm having strongly 
neurolytic properties Intracerebral inoculalton of the organism gives rise usually after 
an incubation penod of 2 3 daj^ to a disease characterized by rolling movements on 
the long axis of the body Some mice die and at post mortem extensive necrosis and 
lysis are found of the posterior pole of the cerebellum Apparently the same orgamsms 
have been isolated from the lungs b> Sullivan and Dienes (1939) 

iS strains— These atrams were isolated by Findlay and bis colleagues (1939) from 
the brains of inice that had been tnocukted intncerebnUy with the blood of spJeneoto- 
mixed mi containing EpeiytAmoon coctotdta They differ colon ally and antigeuoally 
from L5 strains 

iISS strain —This organism was isolated from the swollen joint of a mouse by Jahn 
(SCO lUienebcrgcr I9t0} It is responsible for one type of mouse arthritis 

BCD and E strains — These organisms were isolated by Sabm (1933 1939a 6) 
and by Sabin and Johnson (1940) from the conjunctiva respiratory tract and brain of 
mice. All four types are able to give rue to arthritis on intravenous inoculation IVhat 
relation they bear to the L6 and MSS strains u not yet known 

Eduard a strums — Edward (1940) isolated 7 strains from the lungs of normal mice 
Some endeace utm obtained that they aught give nse to pneamonio lesions after nasal 
instillation but they did not produce arthritis 
Fleuropneumonia like Strains In Culaea pip 

The gumea pg so far has not been a fruitful source of pleuropneumoma like orgamsms 
Klieneberger (1940) isolated a strain xa ronjunebon with Strepkd>acillii» monthformis 
from abscesses in the neck but mrcumstances prevented its proper study Smith (1941) 
likewise reported the isolation of Streplcbacittus ntonili/ormia from abscesses m guinea pigs 
but was unable to separate a pteuropoeomoiua hke strain from the baciliary organisms 
Pleuropneumonia tike Strains la Man 

Dienes and Edsall (1937) isolated & etrain from a auppurating Bartholin s gland in 
a woman who was working m the laboratory with rats Subsequently Dienes (1940) 
djanonstrated yOpuTO/uipumoiua like strains in the cervical secretion of five patients 
suffenng from pelno infections Whether these orgamsms are pathogemo or not is still 
undetermmed The frequent association of pleutopaeumonia like organisms with arthritis 
la rats and mice has naturally raised hopes that they may be responsible for human 
rheumatism In spite however of prelmunary BUggesbve findmgs by Swift and Brown 
(1939) practicallyallattemptstodemonstratesacharelationsh p have proved unsuccessful 
(see Sabin 1941) 

Saprophytic Pleuropneumonia like Strains 

Laidkw and Elford (1936) described the isolation of three pleuropneumonia hke 
strains A B and C from London sewage by the inoculation of euifable filtrates into 
Fddes broth The organisms grew beat at 3(F C u Hartley s horse digest broth pH 8 0 
to which Fddca peptio digest of red ceUa had been added They fermented no sugars 
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and were Don pathogenic to animab Strains \andC were antigemealij' distinct , stramB 
was more closely related to A than to C. Fine (I'137) found certain metabolic differences 
between strains \ and C Similar organisms hare been isoUted bv Seiffert (l^a 6) 
from soiL manure and related «ul> tances Thew sapropl forms cm grow in the 
absence of ht^h couccntratioiu of natural animal {wotcias 
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=«rve to mfloence tte re-a!ta of all filtiabon erp®nmonts.” TLe 
of the filter aUo makes a coaaderaWe difference 

The otdmaiy porous bacterial filter onsistj of a ptwiurtle charged alt ah ne earth 
catJoa. and a ne^tirelr diarged eflieste anmx. If a simple b.i.u~ dre, such as nsetbrjcoe 
blue, which consists of an organic coloored catioa united to an inorrame anion, u pas!^ 
through a filter, a Urge amount of the dee ariH be adserbed. Th* oipUnaUoa of thi= is 
that the organic cofcinied cabm enteninto combination with the sib cafe anion tn the filter 
forming an insoluble dTe-sUicate, which » rclaincd; the sduble salt, such as NaCl <x 
KCt. formed b> the tanoa of the alkaline earth catKsi in the filter with the morganic 
amoa of the dre, passes through. A nmilar phenomenon »s obserred m protesa solutiona. 
In solutioiis more acid than the noetectnc pmot of the protein, the dissociated prolea 
u chiefiT m the form of multiTalent atrems eapabV entering into combinaticai with the 
Ethcate anions m the filter, and forming an ntsolnble compoond, which u retained. 
On the other hand, m solutions more atlraliw ihsn the isoelcrtrc peta' the disonated 
protein is chieflr m the form of maltiraknt anions, capable of entering into cmnbmstion 
with the alkalme earth cations m the filter with the formation of soluble salts which pass 
through. Ihis u probably whr enmues, toxins, and nrosea appear to pass isore readdr 
through filters in weakly alkaline than in acid <o!atioiis iladd 19^ 23. 192S] 

The nature of the suspenduig fluid plajs an important part in de*ennininz the 
lesolt. Several irortera hare noted that Tuttse* pass moeh more readily throngh 
filters when the snspennoa is made np with broth or 'eiuo than with *iline or 
phosphate buffer (Gmmell 1929, Ward 192**, Sawyer and Frob^her 1929, TalJensaa 
1929, Mane and Urbam 1930, Galloway and Elf^ 1931} The mode of action of 
the broth 15 not known with certaatv, but according to Elford (1933) it appears to 
be closely related to the abOity of this medium to ftahQixe th* disperson of 
a lyophilie coUotd. Soap haa the oppositeeffect Another factor, which la of special 
importance in comparing the filtrabili^ of two different *tTains of Tims, is the 
initial concentration of varus. The greater the nuiaher of tuu partidea p'tsent 
in the nspeniion, the more VikeW » vtruato be found m \b« filtrate ^GriUownv and 
Elfoid 1931) 

Cafaphoresis eipenments on such virnse» as vaccinia, fowl pox, foot and mouth, 
rabies, yellow fever, myxoma, and Rocs sarcoma have agreed m showing that most 
Tirusea cany a negative charge m nectial or nearly neutral sespensons (Douglas «nd 
Smith 192S, Findlav 1930, Hindk and Findlay 1930, Poppe and Busch 1930, Jiata 
rajan and Hyde 1930, Sichert Hodrow 1930, Sankaran rt of 1931) It is true that 
Ohtsky and Boer (1927) stated that the foo* and mouth virus earned a poaArre 
charge up to pH 8-0, but th» results of these workers have not been confirmed 
Host viruses Lave been studied ovei s rang* of about pH &f> to 9^> , they have 
been found to be negativelv ciaiged op to about pH 7 6, though the exact location 
of the isoelectric pomt has raned from pH 7-0 with the yeDow fever virus to pH 9 3 
with the virus of myxoma, ^ot too much attention however, should be paid 
to tbe'^ measurements, sicce mist of them have been earned out m the presence 
of tissue protein. Beard, Finkelsteio and Wyckoff (193^). who wotke<l with a 
relatively pure sn pension of I'accmial elementary bodies, found thejr noi^lectnc 
pomt to be between pH 4 6 and 4 3 The nature of the charge earned will affect, 
to «ome extent, the pas..age of the vuus through a filter Inadentallv, Use mav 
be made of the electnc charge cam'J by the virus to fee it from other material 
m a turae suspenaon, or at anv rate to obtam it m a more concentrated form. 
(Douglas and Smith 192'«, Sackaran A <tl 1934) 
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It IS important to icahzo that tbe mere passage o£ an organism tiuougt a filter 
candledoesnotjuatifjitainclnsjonmtliegroupoffillrable virnses Even under con 
ditiODS o{ carefnl experimentation small organisms particularly slender flenble and 
motile organisms sucli as spiroebmtea frequently appear in small numbers m tbe fil 
trate , and conversely, the mere failure of an organism to pass through a filter candle 
does not justj/y Its cxcliLsion from the group of filtrable Firuses Some viruses for 
example such ns those of varicella and herpes roster, have not jet been shown to 
be filtrable, yet there is little doubt from what is known of their other properties 
that they should be included in this group The term filtrable virus is one 
connoting a number of properties the most important of nbicb have already 
Iwcn defined nt the head of this chapter 

tJltraflltration — In recent years ultmfdt ration las been introduced In this 
process thin collodion membranes ato prepared with a giv cn sire of pore the sue 
being determined largely by the concentration of collodion used In the develop 
ment of these filters Uford (IWl 1933} has pbyed a prominent part Starting 
from the earlier work of Ecchhold, he has been able ly the use of appropriate solvent 
mixtures and bv the careful stan lardiration of his technique to prepare a senes 
of membranes of \ cry regular and accurately grided porosities by means of which 
detcmuoitions of the sue of many of the commoner viniscs have been succeasfully 
made, and subsequently confirmed by other workers (sec also Flford Grabar and 
Ferry 1933 Duclaux and \mat lOIW) The c filters — Oradocol membrane4 — 
approach nearer to the moclanical sieve than do ordinary filter candles they 
appear to bo le&s infiucncrd by the various secondary factors which we have men 
tinned and to be capable when properly u«ed of sorting out particles very largely 
according to their sue , though the influence of the pTI of the sospendiiig fluid 
and of the electrical charge earned must still be taken into account 

Id ralculitJDg the sue of the parjicle from the average pore diameter through 
which It ju«t fads to pass the effect of a Isorption has to be considered This effect 
js most iB&JicnttAi tn membraufs with very w»aU pores (Table 68) Thus a 
particle held back by a membrane with an ovenge pore diameter of 50m/i probably 
has a diameter of 10-16 m/i while one held back bv a membrane of 1 000 m/i 
probally LasadiameterofO-75~l 0/j (Elford 19M) This relationship however is 
disputed by Markham Smithanl I<ea(19l2) (secalsoCoxand Hyde 1932 \shcshov 
1933 on ultrafiltration} 

TABLL as 

RTT.iTrnx o» Sue Of Hftainzd Pabtxclk to 4VK«uoa Poke OiAsretEa or Govkocol llstt 
atU"^ (Elford 1933) 


iJnob MJw armf* fm 

^UavCEeiahtai nrtl !e 

l^'lOO 

(033-0 5) if 

lOO-OOO 

(05-0 75) if 

500-1000 

(0-75-1 0) if 


d » avttiise pore diamctet of I ra t nj membrane for optimum filtratioa condit ons 

Microscopical Exammation —There ate difficulties in the microscopicaleiamma 
tion of viruses It has already been pointed out m Chapter 2 that under ordmary 
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condations of examination it is iapos^l«* to tcsolre parnd's less than 0-2 ft n 
diameter Resolntion it tc 31 be remembered is Lmited br tb* Enmeusa] a^jenure 
of the objective and the irave-lensth of the Lght csed. Smce there are senons 
difficnlties in increasing the numencal aperture of ih^ objective it foU-Tws that 
the only way to resolve verv nnall bodies is to me a wave-length sho-er than anv 
present m the visible spectrcm. Sesointion however is not alwavs leqmred, 
and consideTable attention has been derated of leecnt vears to methods for rendering 
small bodies ntiUe. Thoanh certain fiJtrable vircses mar be d'aonstiated in 
sections or smear preparations their stndv is greatlv facihtaled bv ob^anuig t!?“m 
in a sn'penaon relativclv free from ti^sce cells and other grass mat'er U^naCv 
this is done bv differentia] eentnfhgation somet-me- accompanied bv fltreticm. 
The sn^pension can then be examined bv one of tie /ollowing meihods. 

I Ftztrig and s'aitiing inth a fwt Vie dye — ^Nnmcions woiie’s, arnon; whom 
Ledingham (1931) has been one of th* foremo^ have ti-ed ti*s m^thoi The 
dyes chosen are mo^ fcequentlv Giemsa s stain, or on* of its codmeations. Bv 
this means minnte particles — the ra-caBed elementarv bodies — tnav b* rend*red 
viable m appropr^te preparationa. Since, however it is impces^'e to d*mon 
Etrate very «mal] partide« by tranrm.tted L-'ht, even when thev are deeylv E*a-n«d 
it follows that this method la limited to the Utger vira-es. Its most conspmi'V' 
raccess ha_ in fact been achieved hitbeno with the vinj of vaccinia, lie diaa® er 
of which IS about O-lo ft It has proved of paititular valae in Ih* iBicjt«ops6sl 
observation of agclatination where of courv vml 2rv and sot re-o’atJon, of 
the aggregating particles u alone required. 

IL Dari-yfovnd enmtnatton vfiny nWUe 1 yJd . — Provided th* fairecles onder 
exanunationcan scatter enotnhbcht and therei«a «n5c ent differeao* c' refractive 
index between them and the meditun in which thev are »n*pradfd, this in*tiod 
enables very small partides to be rendered nolle even though tier are incapable 
of resolntion. It provides a nsefol n»eans of direct inKjtr=c«pjc o'servatioa of 
nrtis particles. 

in PhoSayruphy m t/Vra nolrf /ly'f — Barnard (l*^) ha be**n t'-* cLcf 
exponent of this method. After preluninarv exammation bv meticd H, pbo o- 
giaphs are toten at particular wavelengths in the ultra viol*t Epectram 
Chapter 2) Either transmitted or dai-ground ffienunatjon mav l>e used. The 
former 'uffers from the disadvantara that lie abUitv virnses to sb-erb Lrht 
is very low and the image so obtained is smaller than it Ovicrwi«e wtittM be ^Hlh 
dark-ground illamination there is 'trong contrast, and fiharplv deSired images are 
obtainable though their sre tends to be shchtlv loo larg* With a wave-lenTth of 
2o7 mil particles as small as 7o mu can be actuaUv resolved. Their approximate 
sue <an then be determined from the mean of the images given hy transmi*ted and 
dark-ground iBnmination. Tbeoreticallv, this me hod is open to almost imlimil'd 
extemjon, but in practice great techiuca] difficnlres are encoun ered. 

Fluorefetree rucrowyy — Thi makes use of the abni*y of certain bodies to 
transmute the «hort invinble waves of ultra viole* light to longer vi^le waves 
(«ee Clauberg 1939) 

\ Annular oWijue tnndent {Vumnatton — ^In thia O"thod a relatively epaq^* 
body like the chono-allanto c membrane, can be etaTuir.fd bv ohEqu* iHuminsfcoa 
from above {e« Himmelweit 193 ) 

VI £7«#ron mcroscope. — ^'lore rec«itlv this has provided a tool that bids 
fair to outrtnp anv method hitherto loiown, Tiounh technical defects prevent 
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the realization of the full potentiolibes of this inattument, it 15 said to be possible 
now, under optimal conditions, to resolve particles as small as 1 m/i and to use 
magnifications up to 200000 times (see ’llarton 1911, Stanley and Anderson 1941, 
Sharp ef al 1942, 1943, 1944, Luna el ol 1943, Taylor et ol 1943) 

Centnfug&lizatiou — There are considerable mechanical difficulties in con 
structmg a nnchine that is sufficiently ponerfol to throw down % ery fine suspended 
particles , this difficulty is increa'«d if the suspending fimd os is usually the 
caxe, has a specific gravity greater than water The centrifugal force of a machine 
varies with the square of the rate of rotation, and directly with thp distance of 
the centrifuged material from the centre of the plate But neither of these factors 
can bo increased indefinitely, because nith mcie&ang rate of rotation and with 
increasing diameter of the plate, a vibration develops that very largely counter 
acts the centnlugal force Numerous other mechanical factors, such as the air 
resistance and the heat generated in the machine, come into play when high speeds 
are developed, and liimt the rate and time dnnng which the machine may be run 
Nevertheless, serious attempts have been made in recent jears to overcome these 
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4io 232 — Ov Lcn (d) xlembitaky bodies of vaccinu moM aasstr izstis ardovbioht 
(e) ELEMESTABV BODIES OT OaKABY BOX IB TUB MIOD1.B (6) Chtomo prodigiogum FOB 
coitPABisov PaoTOOBAFBBD TB OLTBA TiotET uotTf (X 3200) (AftM Barnard) 

difficulties, and very real progress has been registered The introduction of higher 
speed electric motors, of the Lundgren angle centrifuge and of the spinning top 
centrifugeofHeunotandHaguenacd(1925, 1927)(8eeal30 McIntosh 1935 McIntosh 
and Selbie 1937) have each contnboted to this end Indeed with the spinmng 
top centnfuge, in which friction is diminished to a minimum speeds of 80 000 r p m 
have been reported The greatest advance however has been made by Svedberg 
and lus colleagues (1934) (see also Svedheig 1937), who have devised a centrifuge 
capable of revolving at 160 OOOrp m Inthismachincthe rotor carries a cell nhieh 
contains a column, 8 mm in height, of the flmd to be centrifuged situated 36 mm 
from the centre The cell has window* of ciystoDine quartz to allow of sernl 
photographs being taken to register the progress of sedirnentation The rotor 
IS driven by two twin turbines fed with ml at u pressure of 15 kgm per sq cm 
Rotation takes place in an atmosphere of hydw^eu at 25 mm pressure, so as 
to limit air friction and convection currents In the original design (Svedberg 
and Nichols 1927) 240 litres of oil were requited per minute to drive the 
turbioes, and 7 Iitresof oilperminutetolabncatesnd cool the bearings The cost 
of this machme has so far prohibited most laboratories from testmg it, but in 
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S\ edberg 8 bands it has been used with conspicuous success in estimating the mole 
cular weight of proteins 

Baucc an 1 Pickets (1036 1937) bare devised a higli speed ceatnf tge corahining some 
of tbo pnneij Ics of the Hennot and Hi^cnard and some of the Svedberg model Elford 
(1036) has eho m that ! y introducing a capiUacy tube into the fluid to fio contnfuged 
an 1 collecting tl <_ v rus part elca on Wotting paper at t) o bottom much of the diflicutty 
caused by m sing can J>e overcome beWeaingcr (1936) has adapted the Sharpies 
centnfuge for the conccntmti i of vims by us ng a tbm layer of saspens on m a Lollops 
cylinder rotat ng vertically so that the total dmlance the vims particles have to travel 
IS a fraction of a millimetre SfcIntOHb and Sell e (1940) have mod fled the Sharpies 
centrifuge bo as to permit the collection of the virus particles on a sheet of cellophane 
tl IS met! od has tiio advantage that a continuous stream of the virus to be piinfled can 
be f d to the maehme The preparation of pun. virus suspensions is soinct mes facil Uted 
by preliminary tryptic digestion of tin matrix in wh ch they are embedded 

Not only is it possible now with some of tho high speed centrifuges to throw 
down completely the larger viruses but their appronoiate size can be calculated 
from measuring their rate of scdtraentation Bcchhold and Sclitesingcr (1931) have 
worked out a formula from which the eire of evenly dispersed spheneal particles 
eubmittcd to a constant centrifugal force may be determined Further by measur 
mg the rate of concentration it can be ascertained whether the particles nto of 
uniform size It can be ahown for instance, that the loganthm of the conccntiatieo 
of particles 10 tho supernatant flui ! is proportional to the length of time of centn 
fugation If they arc of iineijual size tl c larger particles will be thtornj down 
rapilly and the curve formed by plotting the log-intbms of the concentrations 
against time will not be a straight line 

The larger viruses of 0 1-0 2 /< in diameter, can be thrown down completely 
under suitable conditions m about half an hour by a centrifuge revolving at 10 000 
r p m (see Amies 1933) wlule particles of about 00 m/r such as the staphylococcal 
bacteriophage require a speed of 40000 rpm maintained for 1 to hours 
(McIntosh 1935) ^V^lere centrifuges of only 3 000 r p m area%ailnb)c and it is 
desired to concentrate the suspeos on tho virus may sometimes be adsorbed on to 
kaolin animal charcoal or blood corpuscles and tbc deposit subsequently sua 
pended m a protein free medium (see Levaliti anl Nicolau 1923 Gins and Krause 
1923 Tang 1932 hrancu and Salk 1912) Vinisi^vary however in tbeir reaction 
to dilTercnt alsorbing agents (lewis and Andervont 1927) and this method is 
therefore not always successful TJ e purity of centrifuged nrus 8u«pen3ion3 is 
dependent on the number of particles of foreign matter present resembling in 
seiLmentation rate that of the virus which is being concentrated Methods for 
determining the degree of purity 1 ave been auggested by Sraadel Rivers and 
Pickels (1939) and Luna 1910) * 

Morphology — Information on the shape of fiUrsble virus particles has been 
furnishe I by Barnard who has been enccessful in photographing some of the 
larger viruses in ultra violet light One of tie most carefully stud ed is that of 
ectromcl a a virus with ft dumeter of about m]t (Barnard and Llford 1931) 
This organism is coccoid and frequently occurs in pairs Isolated orgamsms 
are spherical and highly rcfractile the tcfmctivity apparently decreasing with 
shortening of the wave length used for iHumination Reproduction is bj binary 
fission and elongation is evident before division Tho final separation of the 
two organisms takes place quickly, but a very fine connecting filament may be 
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left between them Ultra violet pbotogiaphs eltow a more highly refractive out 
line correepondiDg to the periphery of the cell and often an increased density 
at the poles ^V^lethet these appearances are due to the presence of a cell wall 
and to polar condensation of the cytoplasm respectively or ate merely the effects 
of interfacial phenomena it is irapos ible to say The foot and mouth virus 
which is amoi g the smallest of the virnaes is accord ng to Barnard (1937) rod 
shaped the length be ng somet mes aa much as three times the breadth 

TABLE 69 

AFTROXnLLTR SiZES Or FO-TIUBU VlBOSES 


Staphylococea* 

Bovine plenropneumon a epherea 
K ckettsia 
Pa ttacoais 

Pseudo lymphocyt c chonomeningitia 

Vaecuiia 

Canary pos 

Bonne pleuiopneumoau part cite 
Babb t fibroma 
Babb t myxoma 
Lympbomndoma 
Sandfly fever* 

ITerpes 
Ectromeha 
Babes 
Peeudorab es 
Boma disease 
Newcastle disease 
Influensa B 

Biustan spring suouner encepbalitis 
Staphylococcus phage 
Influenza A 

5'ffiatf ioSwtaDi ( itatneaaf 

Ves culai etomatis 

Bo125 BATcoaa 

Fowl plague 

Staphylococcus B. phage 

Flezner dysentery phages D4 Dl*’ 


1 300 
275 
100 

ISO 



Staphylocoocus phage 
Lymphocyte chonomemng t s 
Durands disease 
Col phage 

Shiga dysentery phage Dot 
Saltnooella phage Sil 
Babb t papilloma 
Megatbi^um phage 
Infect ous anwmia of horses 
Tobacco mosaic (long d smeter) 
Rift Valley fever 
Antencan equine escephalomyebt 
Coll phage C3d 

Flexnet dysentery pbages Dl3 D 0 
St Louis encepbabtu 
Japanese encephabt s 
West Nile encephabtis 
Looping lU 

Hiemocyamn molecule {Mil x) 

Coh phage CIS 
SalmooeUa phage SI3 
Telow fever 
fbotandmoaffl iflsease 
Pobomyelitis 
Mouse rncephaloiayel t s 
Bdest n mo ecule 
S rum globul n molecule 
Serum albumin molecule 
Oxybaeo oglobm molecule 
Egg albBimn molecule 


* Alternative size given as *0-40 mfi. 
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Further informat on on the shape size and stmeture of the vuusea is being 
iy the ehetroa roKToscope By Jto aw tie elezoentary irid es cS vacs nia 
appear to be br cb shaped to possess some sort of bmitmg membrane and to 
contain fine circumscribed areas of greater dens ty arranged like the spots on 
dice (Green et al 1942) (see Fig 233) 

The size of many turases has now been calculated mainly from data based 
on the use of Elford s gradocol me nbrane technique and to a le«3 extent from 
the microscopical phott^aphs of Barnard the electron micrographs of American 
workers highspeed ceutrifugat on and the rate of diffuson of \iru3 partcles 
in a suitable medium These different methods do not always agree in their 
results By the filtration method for example the figure reached tends to cone 
spond to the size of the smaller particles, 1^ the centrifugal on techmque to the 
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£iz€ of the Jailer particle^. Tie sue of tie ^malJer Tirn«es inar be OTerertiina}<»i 
bv ultra violet microscopy because of iailai^ of perfect resolution («ee Bama’il 
1937) Electron nucny*raphs varr «oinewbat acco'dine to th** mode of pmpara 
tion of the film. Conclu-ions drawn from the-fat^* of sedimentition m a g^vita 
tional field are affected bv the deni..tv of the virus patticl*% and dena'x appeirs 
to be variable and is difficult to detenmce wi h acconMy (se* Smadel of I'lS') 
Nevertheles the degree of concordance is sufficient to jnstifv ns in as gnin^' 
with eome confidence mean particle diameters to the more impo'tant nmse-^ 
In Table 59 the «i2e of the commoner viruses and some of the bartenopha-os is 
compared wi h 5/ap* v*«x>nruf on 
the ere hand and the lar’e*’ pm- 
tem molecoles oa the ot''®' 

The rw'foi cf r^rc^udton 
tfce fi\ jahle viruees is «lill in doubt- 
The evidence «o Car ob a.ced «ee!n« 
to fa\ our binarv fi-cion. Eisenbe*-" 
Jferlins (1913) ha* de«cnbed a com 
jles life crcle fo® th* vscoma 
viTu.< but h*s ol -erratio^ and tie 
coneJn. ors be draw* from them 
me** await cosfitnatioa. 

ViaveJim oaf onalyni cf vac- 
nnial elemeniarv bodies has re- 
vealed the pre*eafe of a h. carbo- 
hrdra*e fat and nitro^n. a jan 
of wh eh If ondoobted! is the 
fonnafp*c eji(SQ£hesftof l^So) 
Forth® obt^n^tion, brHoa-land. 
'•mad 1 and Piverstl^tO) have i®d 
to the id'atincauou cf eeot-al fat 
pboeibobpm, redden." ^u-a? after 
bvdrolv and thvmontJc]»jc aeid. 
'IcFarla.-'e and his co'^eaeu®' 
(1939) believe that th»-e i a *^eU 
lipm arranged around the particle in two or tliree loo®* lavers, bn to real 
membrane These re«nlt ‘Ti'-®e«tthat ihecompct-itionof the large” viru- partid®' 
i e^sentiallv «imilar to that of ojxiinarv bacteria The nature of l’'e 'malVr 
vim«es IS m greater doubt, '-tanlcvs woi (•ee p indicatitg that thev mav 
be CO more in than in3croinoleCTiI®= of p»otem. (Fora gen^-al review of 
the propertie* of vaccinia] elem^ntarv bo>ie', «ee and HiMsland 1912.) 

Habitat — With the exceptions noted below all the filtraWe viruses at p-es^mt 
known are associated with living cdl whether in the animal or th® vegetable 
kingdom. This does not in»an that thev are never found apar* from di-ease pro- 
cesses, for their pre-ence has been demon-trated in healthv earners Int it do“s 
mean that thev are essentiallv paras tic The exi. ence however of sap^ophr^ 
viruses 15 ®uir^ted bv ibe work of BaTn3'-d(l93.>) ICtLerlotbe ojIv «aas£aett>”V 
cn*enon of the presence of a virus has «m. ■ted in the proauction of charactens'i® 
lesions m a ^«ceptible bv a «mtAlv p-epared filtrate — a techmqu® i mav 

be remarked, that automaticallv exdud&> the discovcrr of a ^apronlivtic virus 
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ViBr« ELmcrsTuiv EoPiir (x 
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or of a completely a\irulent variant of a parasitic virus Barnard, however, by 
ultra V lolct photograph} has been able to detect the presence of minute cultivable 
Indies, alout 160 in/i in diameter, iri ntenic tubes of scrum broth 

Mill) of tin. vinisis 111 the animal Iwly appear to show a pirticulir aflinity 
for 8{iocnl tissues such ns ncrious tissue or skin , this rcseml les the affinity mani 
festiil lij manj of the known I acteria for 6|)ccial tissues Lien however, when 
the lesions are confined to one tissue, the virus can /rcqucntly be demonstrated 
m other parts of the bodj There is evidence, too that the tissue localization is 
more apparent than real, depending on the mode of infection Thus Ledmgham 
(1921) found that in rabbits the virus of vaccinia, which usually affects the skm 
was able to give rise to nodules on the peritoneum after direct inoculation into 
the spleen or the abdominal cavity As well as their selective tissue localization 
inanj v iruscs exhibit a species specificity, giv mg nse to lesions only m one particular 
species of animal Thus Cole and Kuttners salivar} gland virus is active only 
ID guinea piga, \ inis iii only m rabbits, and so on On the other hand there 
are viruses, such as (hose of rabies and foot and mouthdisease whicharepatbogenic 
not only to different species but atv) to widely separate groups of animals Possiblj 
too much weight has been laid m the past on the species specificity of the v iruses 
It IS now clear that most of the viruses ato capable of infecting several different 
sjwcies of animal under cxpcnmcntal conditions 

Apart from the presence of a virus m a healthy carrier free from all clinical 
symptoms of di<CB«c, it has Leon shown that a virus may remain latent m the 
tissues after causing an initial infection Thus, according to Gastmei and Heiily 
(1928) the herpes virus can aometimos be demonstrated in the brain of guinea pigs 
that have recovered from a Leratitis caused b} loocolatioa of the cornea 1(8 
presence gives rise to no symptoms, but can be shown by inocnlation of the brain 
os to the cornea of a normal guinea pig It is possible that an attack of inter 
current disease, or some artificial proc^ure such as vaccination may activate 
«uch a latent virus, and cause it to give nse to clinical disease In some virus 
infections, auch as jellow fever, there is reason to believe that the virus after 
causing an attack of the disease, remains latent in the tissues for years if not 
for the patients whole life By this means a lasting immunity is maintained 
(see Rivers 1913) 

IVhetber the filtrsble viruccs occupy an lotra oe an extracellular position w 
the body is not certainly known but the indirect evidence so far accumulated 
suggests that tbeir growth and multiplication occurs actually within the ceUs The 
rinderpest vims lor example, appears to be contained within the leucocytes by 
centnfugahzation of the blood, the virus is found to be concentrated mainly 
m the leucocytic layer Similarly with the virus of fowl plague Todd (1928) 
found that m centrifuged blood tho concentration of the virus was 100 times 
greater m the leucocytic layer than in the clear plasma or the washed red 
cells Jloreover there is evidence that for their muitiphcation the filtrable viruses 
often prefer young newly formed cells , many of the viruses acting on the skin, 
for example give nse to le«ions first along the lines of scarification where repair 
IS taking place Further evidence m favour of this view is that certain viruses 
e g Virus in and vaccinia have been found to grow in a transplantable rabbit 
tumour, m which the cells ate in process of active muitiphcation, and to survive 
longer in the tumour thau m the healthy tissues of the rabbit (Rivera and Pearce 
1925) The observations of Perdran and Todd (1936) on the lower susceptibiLty 
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of virutea to ultra violet bght in tBe presence of celb, partiailarir dividing cells 
than in tieir ab‘=ence also *iigj!est that occupy an intiacellalar poatioa 

and multiply most readily in groinug cells How far, m fact, the viruses are 
eytciropic and how far thev are ryfclrt^tc 13 a matter for dispute — if m fact anr 
clear distinction can be drawn between Ihe^ two properties Goodpas+ure (1950) 
bebeves that actual growth occn^ only in the Imng cells of the body, while Ledicg 
hn-m (1932) 13 not prepared to go to tha length. Ptobablv they tabe advantage 
of feiment action in the body cells, and receive their nntntive material in. a partly 
digested state. If thi^ is «o, then vimses, indodmg the bsctenophase, must be 
among the mo^t dependent parasites of which we have knowledge in the nniceDnkr 
world 

Isclnsion BodiB — ffistological examination of the le&.ons occnmug in filtrable 
vims diseases o^tcn reveals the presence withm the cytoplasm or the nudens, or 
"ometimes both, o1 peculiar bodies whose nature is at present unknown, and which 
are usually referred to as “ inclusion bodies ” The appearance of the=e bodies 
vanes m difierent diseases, and 
often in the same disease m <bf 
ferent anmails 254, 2351 

The bodies may be rounded, ovid, 
pynform, or uregnlar in «hape , 


EetroiDdia rsmi on left (Fig 2JI) toelcsun boir froaj foot of incaa^, ca ncbt (Fig 3331. 
iDclnsioD bodr after nareratioD, rboraig tbe hbcnted elan^staiy bodi^ 

10 nsilile light (X 13^} (afi9 Barnaid) 

their substance may be hyaline or granular, in structure they may l*e homo- 
geneous, cr they mav contain one or more, often several, elementaiv coipusclea, 
m their staining reactions they may be basophilic or acidophibe, and withm the 
same indnsion body the granules or elementary cOTiusclea may stain diTerentlr 
from the ground substance , bpoid substances staining with osmic acid are some- 
tunes found. In.ciauydi2eases&fi«ctingth««km,cu.chi»fowl pox, tnmsa vannla, 
and the common wart, the formatioB of inclusion bodies is restricted to the ep.d“nn.s, 
but m others, such as zoster, vancella, and venereal herpes, thev are found both 
m the epidermis and in the cormm. ilireover, according to LipscLfitz 
onlv certain lavers of the epid^rmia may be aSected , thus m the common wart, 
inclusion bodies are found in the pneUe-and hom-cdl layers but not m the basal 
cell layer Inclusion bodies can be|nv)daced expenmentallv onlv by theinocniatian 
of living viruses , they are not formed after inoculation of dead vircses, even 
though the latter have immuiuziiig properties, ey vaccinia and herpes. After 
mocuiation of the vims, the inclusion bodies appear at diEerent tunes m different 
infections. Thus in common warts, the luu^ax inclusion bodies are demonstrable 
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onlj m the earliest stages , in herpetic leratitia of rabbits the indosion bodies 
appear within the first 24 hours , in renereal herpes they are best seen on the 
third day, and so on There appears to be some relationship between the presence 
of inclusion bodies and the infectivnty of the tissue , in herpetic Leratitis of rabbits 
for example it is said that with the disaj^iearance of the nuclear inclusion bodies 
the disease can be no longer iropigated Expcrimentillj the formation of 
inclusion bodies can be stimulated by the inoculation not only of infected tissue 
extracts, but often of filtered cell free materi'il They can moreover often be 
demonstrated m tissue cultures ( tndrewes 1929 Rners et al 1929) 

The earlier workers regarded these mctufiion bodies as protozoa and pictured 
them as varying stages of an elaborate life-cycle Snbvcquently they were bebeved 
to represent cellular degeneration products duo to nucleolar extrusion vacuolation 
of the cvtoplasm and other processes consequent on the attack of the vuus 
\ on Prowazek regarded them as of a dual nature consisting of micro-organisms 
embedded in material deposited around them as the result of a reaction of the 
cell protoplasm , lor the<o bodies the term Cblamydozoa — literally cloak 
amtnvls — was proposed It is now however becoming increasmgly cleat that 
iiitracc/fular inclusion bodies arc essentially colonies of the infecting virus Since 
Woodruff and Goodpasture (1929 1930) showed that the Bollinger inclusion body 
of fowl poz con'isti^ of lOOOO 20000 minute Borre) bodies and that a single 
Bolimgei body, washed free from surrounding virus was capable of giving nse to 
a typical fowl pox lesion on skin inoculation it has been difficult to regard inclusion 
bodies as other than lotrocellular aggregations of elementary virus particles By 
tiyptic digestion, bj maceration b> surface tension or other means it has now been 
shown that the inclusion bodies of cctromclia (Barnard and Elford 1931) vaccinia 
(Ledingham 1931 Paschen 1932) and psittacosis (Bedson and Bland 1932 1934) 
contain masses of elezncntaiy bodies which are apparently responsible for giving 
nse to charactcrutic intracellular changes Moreover the formation of inclusion 
bodies from pJpxoentaiy bodies has now been watched experimentally in the thono 
allantoic menibrane and the rabbit « cornea after inoculation with vaccinia virus 
(Ilerzbctg 1936 Tang and Mei 1937 Ilimroelweit 1935 Bland and Robmow 1939) 
MTiethet the tntranucUar acidophilic bodies which are so common m infections 
cansed by ncutrotropic viruses are of the same nature as the intracellular but 
extranuclear bodies has not yet been made clear either by morphological study 
or by the micro incineration technique (see Cowdry 1933) There is some evidence 
that they result from flocculation of the nuclear colloids (Findlay 1939} ^Vhat 
ever the structure of inclusion bodies may be however there is no doubt whatever 
of their significance their presence in the tissue is a sure sign of infection and 
IS made use ot sa the coutsae disgnosti of certstit ot tie filfrable vmtis diseases 
such as rabies (For a pictonaf revnew of inclusion bodies see Findlay and Ludfoid 
1926 and fora general account of tbeir properties see Goodpasture 1929 1929-30 
liCdingham 1935 See also Figs 29&-302) 

Cultivation. — ^Mith the pos'iUe exception of saprophytic viruses cultivable 
m serum broth the filtrahle viruses have proved refractory to cultivation in the 
absence of living cells In 1915 Noguchi succeeded in obtaining pure cultures «n 
nto of vaccinia virus by growingitm the testicles of rabbits and bulls The virus 
obtained from skin scrapings was first freed from bacteria by suitable means and 
was then inoculated intratesticulaily into rabbits Transfers were made every four 
days Several passages were necessary before the virus became adapted to growth 
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in the testicle, but subsequentlTtran^ersweie made without dificultr, and th" nno 
reached ita maxunum moltiplicatioa la the testule after -1 or 5 davs , it remained 
stationary m amount till the Sth dar, and then decreased till after 5 weets its pre- 
sence could ncr longer be detected Brt«s*ictiIarcnltiratioD, the nnis did not lcd»* 
its afinity for the slan , both the tesUcular and the «tin strains gave re- 

actions in the shm, cornea, and testicles of rabbits, andin the stin of human beings. 
In 192o Parker and isye succeeded in growing the vaccinia and herpes viruses in 
tiEue cultures prepared with nonnaJ rabbit testis and plasma. This was confirmed 
bv Carrel and liners in 1927 woiimg with the vaccinia virus Infected rabbit 
te«ticle was ground up in a mortar, added to chick-embryo pulp, 1*“^ for 
24 hours m the ice-chest, and then inoculated into a Cbirel containing 
a coagulum o£ hen plasma. The cultures were washed every 2 or 3 davs with 
Tvrode s "mlution, and were nouriahed with a dOute fowl^emb^vo extract- After 
peaods varying from 1 to 4 weeks the contents of the fiasks were withdrawn, ground 
up in a mortar, and titrated on rabbits by the intrsdermal method- It was found 
that the cultures, which were seeded with 25 to 250 intradennal units of virus 
per mb, contained after incubation for a week between 10,000 and 100 000 unit* 
per ml showing that actual midtiphcaboo of the vims bad occurred- Haagen 
(192o) reported a modified method of in n/n> cultivation of vaconia virt-s m 
the presence of rabbit te«ticle, rabbit plasma and rabbit spleen extract. Csing 
this method, he earned the virus through 37 passages is a penod o' about 8 montha 
Dating the fir^ 5 davs of each mbcultoie the nrus multiplied about 1,000 times, 
and during the whole penod its vmlecce nmaised appruxunatelr constant 
Findlay (1923) reported similar *uce«s8 in the cnlrtvstion of the fowl pox vires 
by Cairtls method. Craciun and Oppesheimer (1926) cultivated Taecin.a vires 
111 association with embryonic gumea p g's cornea, and earned through nine sue 
ccssive transfers during a pen^ of 71 days FtuaDy the to rtfro cdtivation of 
vaccinia nres m the apparent aloence of prdileratmg etOs was reported by the 
Maitlands (1928) Infected rabbit testicle was ground up, dHnted with Tyrode’s 
solution, added to minced hen’s kidcev, placed in the cold room for 4 hours, and 
then cultivated m a Cancl Cask containisg hen’s «ernm. The Basks were incubated 
at 37" C , and subcultures made about once a week. Four pas;sage3 were made 
in alL A l/62o dSution of the last subculture, which represented a dfintion of 
J/625 X 10* of the pnmary icoculain, frodnred vacacia on inoculation ic*o 
rabbits , the original inoculum was active only in a 1/2500 dilution- t-visg 
tissue was, of cotuae, not excluded, but no evidence of its muItipLcatiou was 
obtained. Tanoas modificatioia of the hlaitlasd technique, ench as cnltiva*ion 
in aeat s'ant cultures (Euiotchkin 1939), wide tubes (^dlav and HacCallum 
1940), and roller tubes (Feller et at 1910) have been succ^-sfully introduced. 

The function of the bsme cells in the caltivatioii of viruses has not been estab- 
bshed, though much is known about the various factors that infinence growth 
(«ce HaQauer 1935) Zinsser and Schoraboch (1937) ob^rred that development 
of the equine encephalitis yirua reached its maximuin in 3 to 4 davs, whereas 
that of fiielrtiia was conadeiably later — 6th to Sth dav Thev therefore drew 
tie tentatiTe conclunon that the raetabolimi of viruses and of nckettas diSered, 
the former multiplying best during the penod of active growth of the ti^rue celh, 
the latter after tie wDs had beron to d-e off. Maitland and Laing (1911) have 
brought evidence to suggest that with vaccinu virus the ccih. exert two separate 
functioiis, one to initiate growth, the other to m-sintain growth once the nrns 



CI7iT/r^r/0Y ASD BE31STA^CB 


061 


has 8tart(?d to multiply Thit the growth iactots supplied by the cells ate relatively 
specific for different Mruses is suggested bj Andreues’ (1942) observation that 
growth of one strain of a gnen virus maj tender the ti«sue culture medium unsmt 
able for growth of another strain of the eame virus added 24 hours later, though 
not for a strain of a different \urus- This is analogous to experience in the growth 
of bacteria on lifeless media, and suggests that some substance requited for the 
growth of a particular species is soon exhausted As Rners (1932) points out, 
many annises in tissue culture exhibit both a species and a cellular specificity 
Fowl plague nrus multiplies only in the pTC«cnce of chicL embryo skin and brain, 
not in cultures of fibroblasts , moicoaer, avian tissue appears to be essential 

2vone of thefiltrable viruses has yet been cultivated la the absence of living cells 
It IS true that Eagles and McCIean (1931) and Eagles (1935) state that they have 
grown vaccinia virus in a cel! free mcdiiiin, but their results have not so far been 
confirmed (Maitland el at 1932, Rivers and Ward 1933) It may indeed be ques 
tioned whether such highly parasitic organums as the viruses appear to he are 
provided with sufficient cnziTue systems to enable them to grow m the absence of 
the ccllnlar activity of their host The successful cultivation of the pathogenic 
vuruses on lifeless media may well have to await the reproduction m itlro of the 
complete ferment mechanism of the living cell 

Host of the common viruses hav c now been grown m tissue culture Another 
method, which has come into increasing prominence of late years makes use of 
the developing hen’s egg It was mtroiluc^ by Ogston m 1$S1 for the cultivation 
of bacteria, and was rc*di*covered by Woodruff and Goodpasture (1931) fift} 
yean later Inoculation of the chono-allantoic membrane is the most genenill) 
u<efal way of applying this technique Some viruses, like vaccinia and psittacoM^ 
produce characteristic leMons or pocks on the membrane others, Lke fowl plague 
and vesicular stomatitis, kill the embryo before local legions have had time to 
develop , others like Rift Valley fever and influenza, produce both local membrane 
lesions and characteristic effects on the embryo and others, like poliomyelitis 
rabies, and foot and month disease viru«e« fail to grow on the egg membrane 
at all Burnet has been particularly fertile m recognizing the potentialities of 
this method, and readers who are interested m its technical details and general 
apphcation would do well to consult his monograph (1936) (See aNo Stevenson 
and Butler 1939, Burnet and Fans 1942, Dunham and HacKcal 1942 ) Inocnla 
tion into the jolk sac or the ammoUc sac, or even directly into the embryo, may 
be used for certain purposes 

Resistance — The filtnible viruses vary considerably in their resistance to 
nocnous agencies Generally speaking, tbey resemble the vegetative bactena more 
cJoseiy than the spere besrusg argasains , tkst a to say they are geos/aDy des 
troyed by exposure to moist heat at 63-60” C within half an hour, and succumb 
to fauly low concentrations of chemical disinfectants On the whole, they appear 
to be more resistant than the vegetative bactena to chemical agencies, but it must 
be remembered that expenments can never be performed in the complete absence 
of cellular, or at any irate, of protein xnatcnal , their apparently greater resistance 
may, therefore, be due to the protective action of substances m the medium 

The effect of destccalton vanes, partly with the method employed, and partly 
with the particular virus in question. The Foot and Mouth Dtsea'^e Research 
Committee (Report 1927) found that filtered vesicle fluid from the gumea pig if 
dried rapidly on shdea at 37” C , was often inactivated immediately , on the other 
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hand if dried sloirly at room tcmperatore and Lept at room tempcratare over 
H^SOi it survived for 3 to 6 months ^oimchi (1918) found that when dried 
vaccinia virus remained alive for over a year bat its nmlence was cons-derably 
decreased HaaCTen (1939) on the other hand ob^rved no loss of virulence m 
a year when inon«e hram infected with vaccinia was dried o\ er calcium chlonde 
and kept in «ealcd glass vessels in the ice-che<t. One hour s exposure to the 
\ngast sun of the foot-and month virus dried on a glass slide inactivated it. 
Most viruses appear to be very resistant to aid ^ accima virus withstands a 
temperature of — 180® G for months and even repeated freean'’ and thawing 
fails to destroy it Frozen and dried they mar live for months (Sawver el aJ 19'’9 
Mooley 1939) Vaccinia virus m dry powdered form withstands drv heat at 
100® C for 5 to 10 mmntes. l/oi«f heat at 55-C0*C for half to one hour is fatal 
to most viruses but blood from «wine fever la said to withstand a temperature 
of 5S® C for at lea«;t 2 hours it is inactivated however within an hour bv a 
temperature of 7S® C Some vinises hie the poliomychtis vims, are rapidly 
killed by ultra cio/el hghU itanv ate al«o msceptible to photodvnamic action 
(«ee Chapter 5) and succumb in a few minutes when expo^^ to a concentration 
of about 1/100 000 methylene bine m the presence of davbght (Perdrau and Todd 
1933 Herzberg 1933 Shortt and Brooks 1934) Alpha rav« Vravs and gamma 
ravs are all lethal (Lea and Salaman 1912) 

iIo«t luruses exhibit a fairlv high re«istai»ce to ^lycm>I and one of the best 
methods of pre errm^ infectious ti-sue ts to «aspend it m 50 per cent glyeerolated 
eaUne covet U with liquid paraffin and «tote it in the ict-che*t {Petdiau Ifi'^T) 
Pure glycerol de«troys the viruses fauly rapidly as a rule thus Sognchi (1918) 
found that raecmia virus was de«troved by pure glycerol at 4’ C. within 24 hours 
though m 40 per cent, glycerol it sumved for about 6 months. The preservative 
action of glycerol probably depends on the inhibition it exerts on autolvais of 
the mfected tisrue (Bivers 1938} 

Survival in distilled water salme or Bingeca solution vanes consideraWy 
In the ice-chest many vnuses wQl survive for a long time but mo-t of them penJi 
rapidly if kept at room temperature or 37* C The foot and mouth virns in saline 
rarely survives at 3"® C. for more than **1 hours , and the lymphocvtio chono- 
meningitis virus is non infective within 3 hours at 20® C (Lepme el al 193») 
Scsceptibihty to oxidation may be chiefly responsible for this behanoar At 
low temperatures the presence of ti^e cdls seems to be beneficial to the survival 
of viruses but at higher temperatures the reverse is probahiv true, kmies (1934) 
for example found that vaccinia virus remained virulent much longer at Si® C 
when stored in the form of a suspension of elementary bodies than m tissue culture. 
In general the presence of serum or 0-5 per cent, airat is beneficial for survival, 
as is also storage under anaerobic conditions (Zinsser and Tang 1939 Zinsser and 
Seastone 1950 iIcClean and Fagles l^SI) The optimum H ion concentration 
for 'mrvival of the foot and mouth Tiros and the vaccinia virui is pH 7 6 between 
pH 4-0 and 3-0 vaccinia virus is rendered non infective within about an hour 
(Beard et ol 1938) 

Disin/ectaf ts — ^acclnla virus in testicular •nispension is said to survive in 
0-5 and 1 0 per cent phenol «olntioDS for over a rear at 4® C , but to be destroyed 
by 2 per cent, phenol withm 24 hours and bv a 1/30 000 solution of iodine witLm 
1 hour at 37° C (^ogucbl 1919) Xikewise ectromeba virus in a suspension of 
mouse s liver will re main virulent m O-S per cent pkenobzwl saLne at 4® C. for 
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several months Purified influenza vum on the other hand, is destroyed by 
0 5 per cent phenol at 4° C within a week (Knight and Stanley 1944) Gordon 
(1925) found that vaccinia virns was destw^red by 50 per cent ethyl alcohol, 
50 per cent methjl alcohol, and 50 per cent acetone within an hour at room tern 
peratuie , 20 per cent ethyl alcohol, 10 per cent methyl alcohol, 10 per cent 
acetone, and 20 per cent ether failed to destroy it m 24 hours , even 50 per cent 
ether did not destroy it completely in this time Fotassinm permanganate was found 
to be extremely viricidal destroying it even in a 1/10,000 solution within an hour 
at room temperature Chloroform is said to be very much more destructive t han 
ether, alcohol, or acetone (Reynals 1928) The foot and mouth virus is resistant 
to concentrations of phenol, lysol, tolnol hydrogen peroxide chlorine iodine, 
acetone, and chloropicrin that rapi^y destroy vegetative bactens but it is lolled 
by 0 1 per cent formed at 26-27“ C m 24 hours, and by 2 per cent antifornun or 
0 4 per cent HgCl, within 24 hours The effect of bile salts varies according to 
the species of virus (Snuth 1939) Influenza A and looping ill viruses are inacti 
vated almost instantaneously by exposure at room temperature to a final coucen 
tration of 1/1,000 sodium deo^cholate whereas \accima and ectromeha viruses 
are nnaffected after 2 hours Inactivation of susceptible viruses is thought to 
he due to lysis Certain soaps and unsatnrated fatty ncid«, and some synthetic 
detergents, have been found to have a strong destructive action on influenza 
vuus (Stock and Francis 1940 Knight and Stanley 1944) 

With the very doubtful exception of the lymphogiannloma virus (JlacCalJuni 
and Findlay 1938, Bodaniche 1912) the mouse pneumonia \irus and the 
viruses of trachoma and mclusion bieaoorrhcea (Babe d al 1942) the viruses 
are insusceptible to sulphouamides Femcilhn likewise appears to be without 
action 

Metabolism — Practically nothing is known about the metabolism of the 
filtrable viruses cme of the great hindrances being the impossibility of cultivating 
them in the absence of tissue cells In purified suspensions of vaccinia virus 
Parker and Smythe (1937) could demonstrate no oaygen consumption On the 
other hand Macfailane and Salamair (1938) and Macfatlane and Dolby (1910) 
though findmg no evidence of dehydrogenase activity, were able to demonstrate 
the presence of phosphatase and catalase both nbonucleic acid and adenylic 
acid were rapidly hydrolysed It is not yet clear, however, whether these enzymes 
form an integral part of the elementary bodies or are derived from the host tissues 
(see Smadel and Hoagland 1942) The ability to omdize cysteme has been traced 
to the presence of copper la vaccinial elementary bodies (Iloagland et al 1941) 
Flavin and biotin have also been found (sec Rivers 1943) IVhat part these 
various enzymes play in the metabolism of the larger Mcuses under natural con 
ditions, it IS too early to say 

Antigenic Structure — ^though the study of the antigenic structure of viruses 
IS as yet m its infancy, enough has been learned to show that, in this respect, viruses 
differ m no essential way from bacteria The presence of precipitina in the blood 
serum of animals inoculated with vacania virus has been reported by several 
workers (see Sobemheim 1925) Gordon (1925) found agglutinins and complement 
fiimg bodies in the serum of rabbits inoculated with vaccinia, active up to a dilution 
of 1/100-1/200 , both antibodies were specific m the sense that they reacted solely 
with vaccinia and vanola virus suspesiconB, and gave no reaction with varicella 
virus, sterile pus, or brain suspensions from eneephahtia Ictbargica In general 
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precipjtins hare b«n demonstrated more freqaentlj tian aggluticins or comple 
mcnt fiuDg bodies 

Recent work, particularly with vaccinia, has re\ca!ed an antigenic complexity 
in the Mrnscs similar to that present in many bactena The elementary tx^ies of 
vaccinia appear to contain two agglutinogens, one of which L is destroyed by 
exposure to 56® C for one hour, the other of which S, inthstands a temperature of 
at least 95° C for this time By suitaWf methods prcdpitmogen? can be extracted 
from infected matenal and from tissue cultures which appear to correspond to the 
agglntmogens in the elementary bodies (Craigie 1932 1935, Smith 1932, Craigie 
and Wishart 1931o, b, 1936 Ch’en 1934, Salaman 1934, Parker and Rivers 1937, 
Smadel et al 1940a) It was thought at first that the two antigens were quite 
separate and that the heat <dable precipitinogen was a polyucchancle hapten , 
but more recent work has shown that both the L and the S substances are con 
tamed m a smgle protein molecule (Shedlovsky and Bmadel 3942, ShedloT'ky ft ol 
1943 Smadel et ol 1943) In addition, two farther antigens have been demon 
etrated m %accinial elementary bodies One is the so-called KP or nttclcoprotein 
antigen de«cnbed hy Smadel, Rivers and Hoagland (1942), and demonstrable 
by precipitation The other is the X antigen, which can be demonstrated by 
agglutination uoing a serum from which the LS and KP antibodies have been 
removed by ab«oTption (Craigie and Bishart 3936, 1938, Smadel et ol 1942) 
Soluble antigens capable of reacting lo complement fixation or precipitin tests, 
ba^e been demonrtrated m other vimses, such as the viruses of lympho^ie 
chonomeusgitis and lymphogranuloma 

A further analogy with bactena is afforded by the demonstration of mnlbple 
antigenic types m a «uigle species of vinis For example, at least three distuct 
types of foot and mouth nros, differing in their infectmty, have been found 
(\allee and Carre 1922, Waldmann and Trantwem 1926) Several immunO' 
logically distinct types of pohomyehtis have now been differentiated , some of 
these are so sharply defined that the cemm of monkeys convalescent from infection 
With one type will not protect against another (*e< Babin 1941) 

The existence of a group antigenic relatiOD^hip such as that demonstrated 
between the virnses of mfluenxa and ewme influenaa (see Chapter 74) is again 
reminiscent of the antigemc morphology of bactena 

The moculation of many viruses into suitable ammab is followed by the appear 
ance of neutialmng antibodies m the serum. The mode of action of these anti 
bodies forms a constant subject of discusnon. BTiether they destroy the virus, 
whether thev merely inactivate it, whether they sensitize it, or whether they fail 
even to combme with it, is still not known with certainty Jfost of the evidence 
seems to be xn favonr of the occorreuce of a slow oniou between virus and antibody 
leading to sensitization or actnal destruction (see Chapter 53) 

The type of antibody called forth by different vunses vaaes. The only anti 
body to poliomyelitis virus of wluch we have knowledge is a neutrabzing antibody 
On the other hand, vaccinia virus stunulates the production of agglutimns, pre* 
cipitin®, and complement-fixing bodies as well as neutraUruig antibodies. In 
some instances, as m the vaccinia and lymphocytic choriomeningitis nmaes, the 
nentrahzmg antibodies appear to be distinct from the other antibodies (Salaman 
1937, Smadel et al 19406) , and we are sbll ignorant of the nature of the antigen 
against which the neutralizing antibody is active. In general, nentralizing anti 
bodies are of most help m revealing antigenic affimtiea and differences between 
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closely related viruses, but there are exceptions The relattouship for example, 
between the Eastern and Western types of egtune encephalomyelitis viruses is 
said to be brought out by the complement fixation, but not by the neutralization 
test (Havens el al 1913) 

Patbogemcity — ^The pathogemcity of different viruses for different hosts varies 
greatly Some, like the vaccinia and the rabies riras, bare a wide range of patho 
genicity , others, like the foot and mouth and the encephalitis viru«e3 have a 
narrow range, and still others, like the measles and mumps viruses seem to be 
pathogenic for one species alone Some attack only mammals, some only birds, 
and some both mammals and birds One carious feature of most of the viruses 
13 their abihty to grow in the embryonic or associated cells of the developing 
hen’a egg, in spite of the fact that the chicken, once it is hatched is resistant to 
oil the pure mammalian vimse« In becoming adapted to diffeient hosts ^^^^ses 
often undergo minor variations , there is evidence for example that the numerous 
animal poxes, with the possible exception of fowl pox, are due to varieties of oue 
and the same virus (Zwick 1921) On the other hand, the properties of a virus 
may be considerably altered Tiios inoculation of the calf with variola virus 
and subsequent transference bv passage through caKes, modifies the vurus in such 
away that when rcmoculatcd into baman beings it ‘gives nse not to smallpox but 
to vaccinia Passage of the street virus of rabies through the brain of rabbits 
gives rise to the production of a fixed anrus wbicb. though it kills rabbits on mtra 
cerebral inoculation more rapidly than the etreet virus, is yet much loss virulent 
than the street virus on euheutaneoas loocalatioo (Lei'aditi el al 1924) This 
example illustrates another charactenstic that is frequently observed m the study 
of viruses, nareely, their adaptation not only to one particular host but to one 
special tissue or route of inoculation Findlay (1936), whose review on variation 
m the animal viruses should be consulted, is of opinion that variants are of two 
types (a) %atiants associated with pathological lesions unlike those produced 
by the parent strains., but without anr j[reat antiyeoic difference (h) variants 
associated with pathological lesions like those produced by the parent strains 
but with considerable antigenic diEFercnre, more often quantitative than qualitative 
in character Some changes, such as the conversioa of rabbit fibroma into myxoma, 
may justly be regarded as mutations , the niajonty are to be regarded as changes 
of the environmental type 

Infection in most ol the filtiable virus diseases appears to occur by direct con 
tsgion, the infective material gaming access to the body either by the nasopharjmr 
or sometimes by the skin as m rabies In certain diseases the virus is inoculated 
into the blood stream by an insect vector, yellow fever, for example, is earned 
by the mosqwto oegypH, Aeagae lever hyAedtf aeyypti and oJhoptclus, 
and Pappataci fever by the sandfly, PMebolomuspapatassii Laboratory infections 
are not infrequent, especially with yellow fever, psittacosis Hift Valley fever and 
loupingiU Little is jet known about the mechamsm of infection, but studies 
of the vaccima vuus suggest strongly that the elementary bodies constitute the 
infecting agents, and that m virulent strains even, ono elementary body may 
suffice to cause infection (Parker 1938, Padeer el al 1941, Smade! el al 1939) 

In general, the cellular lesions produced by viruses are of one or other of two 
kinds Either the cells are stimulated so that the tissues become hyperplastic 
as m the fibromata, papillomata, warts and poxes , or they may be damaged so 
severely that they die, as in the hepatns necrosis of yellow fever and Rift 
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^ aUev fever A prelimuiarv typerplasa nav be succeeded as $n the poxes, bv 
necrosis. 

The Nature ol Virnses, — Up till a few years ago the evidence was becomuig 
increa ingly stronger that the animal viruses were essechalJy mumt* micro- 
o^msms. Microscopical hltration and centrifugal obwiTations left little doubt 
that they consisted of relatively la^e particles which m each vims, we*® of fairlv 
uniform size. The afueement between the results of the«e three me hods 
of eaammatiou was, in fact «o good as to mabe it cecesarv to conclude that, 
if the viable cocco d bodies were not the infective units of th“ vims then the 
virus mu-t coo-ut of particles of the same site which for some reason or othe 
were invmble either bv direct ob-ervation or bv nltra violet pho c^phy (Dale 
193o) In their morphological appearance in Iheir fonnabon discrete coloni'^ 
under «uitab\e condibons — as on the cbono-aUantoio membrane of th*^ developing 
chick embrvo — m their complex antigenic <tnictnre m ther abHitv to sbmulate 
the production of different types of antibodv in their patho^aicitv and their 
selecbre tisme localizahon in their capantv for variation, in th»ir ncutralizabDitv 
by specific antiserum and in their power to give n^e to immunity to &e3h inf“cbon, 
some of the better studied viruses were apart from their «mall size and them 
faDnre to grow on Ufeless media indistuKnushable from ordinary bacteria. 

In however just when this view wa« pmun«* general acceptance, Stanley 
m the bmted States made the startlin'* annoaocement that he had «ucc#*deti in 
cxyrtaUizing the tobacco mosaic vuus. From eub<equeat work cun«d out m the 
United States and in Great Bntain («ee ^Unlev 193oo h e d 1911 Eawden 
1943) it became clear that this was, which produces a disease in the Tuzb-h 
tobacco plant, apparently consists of Urge sucleoprotein molecules about ten 
times as long as thev are wide baring a molecular we.gh of about 17 zmllloB, 
and capable of fitting together lengthwise to form needle-shaped ciplals 20-30 /( 
long The high molecular wen^ht of this snbdacce — g^ter than even the latse^ 
hsmocvamn molecule* — its ability to produce disea-e in a quanbtv as small as 
one thousand imlliontb of a gram combined witb the almost perfect paiaHeUnn 
between the amount of protein estimated chcmi'^vaudlbe vims activitv estimated 
biologically «et it apart from anr other known protem- It was further shown 
that variants of this nru* had a slightlv diff»'ent chemical structure from the 
parent viru* and that ch»nucal alterations brought about m the molecule bv 
laboratory methods led to charges in its palhogemc properties. 

The *hock produced bv Stanley s discoverv was somewhat mitigated when it 
was pomted out (Takaha..hi and Bawlms 1935 Bawden rt at 1936 Bernal and 
FantncLen l‘*3“) that the cryrtals wei» not true ciy^'tols but two-dimensional 
hquid crystals formed as the result of linear acgregatioa of Emaller thread lie 
bodies showing aniiotropv of fiow Under the-e conditions it did not appear 
necessary to abandon the conception of viruses m Imng micro-o’uanmms merelv 
because «ome of them could arrange themselves in orderly rows (kndrewes 1*^3.). 
When it was shown however by Bawden and Pin" (193.) that the buJir E*unt 
vims of tomatoes foTned typical three-dunensiona} dodecahedral crvrtals, apjar 
ently comporfd of spherical isotropic particles this wav of escape from the dilemma 
pTOpcsed by Stanlev looted Ites promi ing 

How are we to reconcfle the complex bactena like structure and behaviour of 
the larger animal vimses with the aj^rently pure Dudeoprotem molecules of 
the plant virnsra ! The explanation &voured by manv workers (Green I93o 
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193S, LaicUaw 1933 fiortiicr 1038) » that the mtuscs represent decadent forms 
of orpanisms that liasc become progrc«*.>i% elj dcgwiled through long persistent 
parasitism At the upi i f end of the scale arc representatn es such as the psitta 
costs and (ho ^amma Mru cs that contain protein, fat and carbohydrate and 
that differ from bacteria chiefly m their loss of power to s} ntbesize some factor 
or factors esscntwl lot their proirth and multiphcation at the lower end of the 
scale are representatnos, such as the tobacco mosaic aitus that consist of pure 
nuclioprotom, and that are entirely dependent on luing cells for all their ferment 
nnl autos} nthetic actmties — inert chemical complexes which become living only 
when bathed m functioning protoj lasm This view has something to be said for it 
U serves to reconcile the apparent break between the living and the non linng 
It is, howcv cr, not ithout difllculties of its own Since the tobacco mosaic virus 
can grow in a number of plants, belonging eten todi/Terent families in which the 
composition of tho cell protoplasm is known to be different it follows that its 
huge nuelcoprotcm molecule must bo limit up from relatively simple chemical 
substances This presupposes a degree of synthetic organizing obility hitherto 
as-ociated with living cells alone Acceptance of this view opens up once again 
the whole question of spontaneous generation If a protein molecule can in con 
tact with livnng matter, reprovlucc itself and undergo variations each of which 
IS attendei] by «pecifie biological changes and each of which is genetically tran? 
missiblo, it is diflicult to avoid the conclusion that new bodies prc<>outing the 
characters of living matter, mast l>o constantly appearing in Nature How al«o 
are we to regard structure m relation to wzet The foot and mouth virus for 
example, which is about 12 m/i m diameter u so similar in almost every respect 
to the v-irus of ve-icutar stomatitis which has a particle ure of 8j m/i that it is 
difUcult to avoid tho conclusion that the} are slructnrally alike ^et the foot 
and mouth varus u smaller— at least m one diameter — than the tobacco mosaic 
vinis, the length of which is estimateil to be about 30 m/i Sfust wo assume that 
the foot-and mouth varus which incidentally has room for only about ten protein 
molecules, is organizoil like one of ibo larger animal viruses in spite of its being 
smaller than a plant virus which is known to consist of a single macromoleculo * 

One thing w clear Ueforo we can reach any conclusion on the nature of 
filtrablc viruses, we shall have to re define our terms. At the larger protein level 
the words “ Imng ” ond * non living” Ime lo«t their conventional meaning (see 
Pine 1937) It is diQicult, even in Science to avoid tho common solecism of 
attempting to force new facts into a conception that has no reality as such but has 
been (brmcil merely as on al atraction from other prevnously known facts and it 
IS time for us to realize that out concept of ‘ life ’ is too crude to be used in relation 
to the infinitely small IV hatever the vuuscs are — tmcro-organisms reproducing 
themselves hy binary fi‘>dion huge nuclcoprotein molecules multiplying by auto 
catalysis or something else still — there is no doubt that they present us at the 
moment with one of tho most Ciscinatmg and fundamental problems of the 
biochemical world 

V7e have said nothing in this chapter about the fiJtrable tumours Here 
again we are on very difficult ground There is evidence suggesting that virus 
particles are essential to their reproduction and that tumours both of avian and 
mammalian origin are caused to some extent at least, by infecting particles 
bavin" many of the characteristics of the known filtrable viruses (see Qye 1925 
Andrewes 1931, Ledingham and Gye 1935, and Chapter 89) 
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p 319. Since many rod stJ^ped organisms have in the past been known under the generic 
name of Bacrlius, irrespccti'^ of whether or not they belonged to tins genus, we have for 
the convenience of the re^er included most of them under the heading Bacillus (n<?>i 
itahcized) This heading should therefore be consulted by those who are doubtful to what 
genus a given organism belongs 
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in the rabbit, 1133 
iR ranous aaiouls, 1139 
* iDduction pcnod iQ, 1136 

inhibitiOQ bj antihistamine sera, 1150 
by histammaee, 1150 
by normal sera 1148 
mccbanism of, 1143-1151 

cellular hypothe«i3 of, 1145 
Sebuhz Dale technique m stuily of, 
1146 

paasice sensitization in, 1140 
peptone shock, relation of to, 1 144 
reversed passive anaphylaxis in, 1140 
M-nsitJzation to, factors effecting. 1136 
Anaphylactoid shock, 1144 
Anaphylatoxin, 1143 

Anaphvlaxis, 1I38-11SI, 1156 S<e at*o 
AUe^, Anaphylactic shock ond Hyper 
acnsitiFcnees 

Atthus' phenomenon iR, 1151 
genetic bcton in. 1159 
local reactions in, 1151, 1156 
relation of to immunity, 1146, 1164 
Aiuloxut. 1393 
Angina, Ainccnt’s, 914, IStO 
AnnUr conjunctivitis, 893 
Anuiae dyes, effect of on bacteria See D^ca 
Animal diseases 5<e vnder name of diseoee 
and tpattt of animal 
Animal poxes <See Poxes, animat 
AnimaU, anaerobic infections of Ste Anae 
robie infections of ammaU 
Anions, effect of on bacteria, 134 
Antagonuen of chcniothcrapeutic agents, laO, 
161. 165, 166 
Anthrax, 1736-1744 
Ascoli test in, 1738 
chemotherapy in, 1743 
cirtaneons, SEsceptibility to, 1133, 11S4 
diagnosis of, 1737 

experimental production of in animals, 
1736 

in animals 1731, 1735 

lafcctian of sidk iR, 173,^, 1740 
■n man. 1733, 1733 
local immtuutr to, 1 1S4 
mode of infection and spread 1732 
by earth worms, 1732 
by fljcs 1733 
by food stiifSs. 1732 
natural immunity to, 1739 
jire'ention of, 1740 
Bcrura treatment of 1743 
symptomatic See Blackleg 
vaccination against, 1740 
wool sorters’ disease m, 1733 1734 
Antibacterial immunity See Inirauiiity, anCi 
bactcnal 

Antibacterial index, 162 
Antibacterial substances 155. 172 
from bacteria, 173 174 
from moulds, 173 


Antibacterial substances, susceptibility to 
la relation to Gram’s stain 3S, 17£> 
Antibiotic agents, 153, 175 
Antibodies. See aUo under Antigen antibody 
reactions 

avadabdity in tiames of host, 10o8 
blockiRg in allergic resctions 1159 
distribution of in tissues, 1033 
electrophoretic fractionation, 242, 246, 
24S. 1030, 1992. 1335 
bite of. after injectiou, 1124 
formation of. 1101 el teq 

adjUTants. effect of on, 1115 
agglutinma O, formation of after 
administration of antigen by 
month, 1117 

anamnestic reaction in. I12J 
as evidence of specific infection, 1002 
avitammoais, effect of on, 1192, 1198, 
12M 

blockade, effect of on 1103 
by synthesis in contact with antigens, 
1127 1128 

different antigens, is respooso to, 
IIDS 

dispersal of inoculum effect of on, 
1115 

dotage, effect of on 1107 
iR tkta, 1102 
in lymphocyte* 1105 
in tisane coltoret, IlOo 
in various organa, 1102 1104 
la vitro. 1128 
local. 1101 
ntecbanism of, 1127 
meUUic salU, effect of on 1115,1122 
multiple antigens, in teiponse to, 
1109 

negative phsteifi, U18 
Don-apccific stimulua in relation to, 
1120 

orsl adcamistrstion of antigen m 
response to, 1117 
phynolcgrcai fate of, 1127 
pneumococcal polysaccharides, m re 
spoDse to, 1634 

jwiroary stimulus in leaponse to. 1J06 
protective action of in riro. con 
ditiosa of, 1(X37 

repeated injections effect of on 1113 
leticulo endothelial system rfileofm, 
1102 

secondary stuanJus in response to, 
]]10 

spleen, rfile of in, 1103 
culphonamides, effect of on 1213 
synthesis in vitro of, 1I2S 
transference of ctn colostrum. 1077, 
1033 

no placenta. 1077, 1083 
various factors, effect of on, 1101 
various tissues, nSlo of in, 1 105 
viTQs injections in, 1241 
volnmeofmoculom eUectofon, 1114 
genersl properties of. 194, 242 
heavy," 245 

hcterppbile. See Porasman aoJiboJy 
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Antibodies, nodificattonoC^cbedicalme^iB, 
2t7 

bj- eaiymes, 247 
br phyjic^ m feans. 247 
molecular wei^lit of, 243, 245 
monospeafie. bomogeoeitr oli 243 
natural, 1075-1(»7 

age in relation to, 1001 
antibacterial antibodies, IC^ 1092— 
1096 

agglntinms, I0&3 d **q 

Brvtt’la infectuna, 1C99 
m latent SolmoitiBa mfec 
tiona, 1533 
bactcncidiiu 1066 
complement-fixing. 10S6 
immonologiea] cigmfieance of. 
109a 

ongifl ot, 1002-103a 
antitoxisj, 107o 

m blood of normal horses, lOM 
immnnologieal s gnificanee ot, 
1064 

ongui of 1076-1064 

enruonment u relation to, 
lOSO «£ i«j 

rate of derelopmenl onder dif 
fetent eoadiuona, 10S3 
rincidal. 1226 

ixsible mdiuioTi of antigeu in. US7 
protean nature o!^ 343 tt aeg 
pnn£(«lion o2^ 243 
roagins, relation of to. I IS* 
eeruo globulisa. relation of to. 244 
nteoffomation of, 1101-1106 
tmitf or diremtj of, 246-3S3, S&a 
ealeney ot, laO 
▼artona. names 195 

Antitodr foransg apparatus, 1101-1131 S« 
Antibodies, formation of 
Antibodf globnlm, 243 
ranetiea of 24a 
Anti-endotoxms, tOOS 

fiilme of lav of multiple proportions m 
action ot, 1009 

Antifonain, ose of in obtaining pure cnltares, 
354. 418. 1321 

Antigen antibody reactioiu, 193-263 

adsorption to, 199, 216-219, 3*6. 240, 275- 

ag^ntination, 211 

cohesire force in relatum to, 311 
electric tbargem lelatton 213 
electrolytes in relation to, 313 
m diagnosis. 5'ee Mndtr tadindiraf 

optimal antigen — antibody ratio in 
relation to 313 

potential difference in relation to 214 
teeis of lattice hypothesis in. 231 
alexme, 193. 196 

antigen and antibodr, combinatKm oC m 
Tarying proportions, 30o, 216, 21*4, 237 
240 

antigenic specificity, enriace etroctme in 
relapon to 263 

ArthenrasandMadsen’etheoryof, 199,239 


Aotiges-antibody reactwns, bactenndms, 233 
bertenoIr*i3. 192. 323 

Jieiftw iVec^fcerg t&enomcnca m, 
233 

Pfeiffer's reaction. 1050, 1425 
bactcnotropins, 194. 2JS 

cnmpletne^ telation of to, 236 
electne charge in relation to action 
o£235 

T^tion of to opnonins, 235 
Bordet's theory oli 193 
capsular sveDing reaction, 241 
coeibtnation in ratvmg proportions, 203 
complement, 103, 196 
nature of. 329 
nmty or irersity of, 239 
complement fixation. 233 

in diagnosA Aee aader indindaol 
diseases 

opumal conditions for, 233 
relation of to pirecipitin reaction. 333 
diffirrencea m astiseruc i*ractare in rela 
tion to. 235 
efficacy of as nro. 1061 
EhrtieJs's theory cC 196 
elscttolvtes. effect of eo. 200, 207, 211, 
213, 238 

rrcnodlieh wotheTS in TtUtwn to, 218 
hsmo)y<ia. 193 -24 

■Qppeaed rt/Je of amboceptors IB, 225 
tenperatve, effect ot, on, 227 
baptena. inhibition ofpreeipiUtioB by,2S7 
bydroph^and hcdrophoMctaiet innla- 
Uon to. 209 

Uttjce hypothsai* ot 208. 230 
taw of Butiple p r o p o n wns in, 217 
mass la in. 219 

tnitnseopic appearance of specific tST** 
pies. 23 

BuseeCaneoiis maiufc«tatiODs ot 240 
nature of miion la, 363 
opsooiRs, 194, 235 

roaplement, leUtion of to, 236 
electric charse in relation to action of. 
233 

relation of to bactenotropms, 235 
optima] antigen : antibody ratio in rela- 
tim to. SOI et a^., 312 
rtlaUan of constant-actigen ratm to 
constant-antibody ratio, 203-307 
relation of to chemical cqniralence, 
204 

irocipitm Teaetioa. 200 

effecS of ranocs tactota on, SOO 
electrolytes, effect ot on, 200 
m standardisation of antipncimio- 
coccal eernm. 1684 
optimal actigea-aatibody ratio in 
relation to, 301 

relation of to complement fixation. 
233 

tests of lattice hypothesis m, 331 
quaLtatire aspects ot 342-263 
qnantitalice aspects ot 201-241 
TCrersibiLty ot 216 

effect of s^ta on. 314 
“side-cliam ” theory of, 196 
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Anlig n-«atibodj' reactions, spcoifitify 

temiinology emplo^CTl In relation to^ 194 
tl tfq 

toxin nntitoiin reaction, 238~240 
antitoxin, unit of. S33 
l)anj K jihenomenon in, 216. 240 
tfirJich'a plienomcnon w, 239 
epitoxoids in relation to, 239 

toxin, hf on<i L« (loses of, 339 
Minimal Lethal l)oso of, 338 
OTtft of antfWrfrt. C3S 
" two stage hj polhesM of. 203 
unilnnan h} jiolhosis of, 2 18 
unity or liii ersily of antiboJiea, 248, 232 
Antigenic structure of Imctena, 373 283 Set 
alfo vnJtr m/iirKluaJ tptttet 
hartenal ranation in relation to. 276 
lutetenophage actirity m relation to. 333 
chemical ncthoda in determination of, 
279 

cixssinration in relation to, 314 
determinalion of hy selective absorption 
of agglutinins, 273 

(lifTimt antigen antibody reactions m 
relation to, 233 

fallacies in determination of, 274, 27$. 2St 
flagellar antigen*. 276, 283. 234 
group and specific phases of, 279 
Forssman antigen m. 2s3. 1090 
H antigen*, group and apecifle phases oC 
278 

heterophils antigen in. 282 
loesliiation of antigens in bocUnal etU, 
293 

0 antigena, 277 

optimal proportions, in determination of, 
276 

toughness in relation to, 277, 28S 
sharing of antigens by different baetena, 
282 

smoothness In relation to, 277. 235 
somatic antigens, 276, 2S3 
Antigenicity, of denatuivd protein, 201 
of gelatin. 2CO 
of proteins. 239 

t61o of earbob] drate in, 201 
Antigens Set aim Antigenic atructuro of 
bacteria (tiul Antigen antihodyreactions 
atopoQs, relation of to, 1 1$4 el *tq 
bacterial See under Antigenic structure 
of hsetena 

BggresBins relation of to, 1071 
luctenophsgc, in relation to, 338 
endotoxins, relation of to, 1008 
relation of to active immimizaticn, 
1035 

basis of antigenicity of, 259 
basis of specificity of, 252 
chemical nature of in relation to stimn 
lalion of antibody production, 1119 
dilTerent, effect of eimuttancous injectum 
of. 1109 

filtraWo Tirusea, of, 1240 
Forssman, 1089 

m bacteria. 282, 1090 
general properties of, 194 


Antigens, haptens, 238 

•ggrcsaive action of in pneumonia, 
1071,1679 

anaphylaxis, rfile of in, 1141 
antibody formation, stimulation of, 
by, 1119, IGS4 

bacterial polysaccharides as, 253 
Complex, 258 
III filtrablo viruses, 1237 
iij Forssmaa antirens, 1090 
m human group A substance, 1090 
inhibition of precipitation by, 257 
relation of to complete antigena, 258 
simple, 25S 
tnasLed, 2Ci 

nature and properties of. 252 
organ ipeciiic, 252 

persistence in body, effect on immunity of, 

possible mclusion of in antibodies, 1127 
proteins m relation to full antigenicity of, 
260. 1119 

species, specific, 2 j 2 
synthetic. 253-236 

diaxo reaction in preparation of 253 
inducing type specific icamunity 
agamst pneumococei 1054 
valenc} of, 202 
vanong, names of, 195 

Antipncumoeoecal immuaity, experimental, 
tn rabbit. J037. KM8-JW2 
Antisepsis, Liitcr’s studies on 1 1 
Antitoxic immunity, 1(^9 1D33 See Im 
muaity, antitoxic 

Antitoxin See al*o under tnditulual diseases 
avulity of, 1030 

natural, 107$ e( eeq Set Antibodies, 
natural 

route of administration of, effect of, 1124, 
1763 

unit of. 233 

Antiviral antibodies, 1237 

Animral iinniiuiity See Immunity, antiviral 

Appendicitis, 1497 

bacleTK^gy of, 1497 
isolatma of Fueifornit from, 477 et »eq 
Arrheniua and Mo^en's tbeoiy of antigen 
antibody reactions, 199, 239 
Aiveruc compounds ui chemotherapy, 155, 156, 
I7I 

Arsenic fast strains of spirocbaetes in relapsing 
ferer, JSOS 

Arthritis in rhenmatism. 1509 «i aeq 
la joint 01, 676, 1234, 1496 
infective of mice, 386. 1278 
puruient, 1400 
Aithus' phenomenon, 1131 
Ascococcus mesentenoides, 627 
Aseoli a thermoprecipitm reaction, 1738 
Atperpifft, 175 
Aapeigdlic acid, 177 
AArocoeeus rams, 946 
myeotdee. 940 

A8Uiiiia,J3ypenen5]tjvfnessinrclation to, 1153 
Atopena, 1(54 el teq 

nmple compounds as, 1155 
Aujeaky s disease, 1941 
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Aostraltaa X cQcrphAhtu 1913 
Auto-dumfectui'' mechanism of al metitary 
tract 1020, 19SS 
of conjnilctiT® 102o 
of genital tract lO'o 
of noso anil naso phaiynx 1023 
of akin 1019 
Autotrophic bacteria. 01 
Autosidizabtc aubstanccs m bactcnal meta 
bolism 4S 

Autumn (liarrhcea m cattle 1720 
fercrofjapan IS’S 1830 
fercr of Q icenslafid 1853 1837 
\nan spirochsctosis, 1303 
Aenlity ofant toun 1030 
Aiolohader 497—199 
affil i 499 
heyenneli 497 
cAroofoemm 497 493 
rmclonil > 497 
firm 497 
iroat/i4oirni 497 

BCG 1300 1331 1337 1347 
B encephal ti». 1917 
D sums of njvel tl^ 19-1 
Gabca Emt (rranulra. S3 
in C d phAtrtx 449 
in Vfwero S32 
BaeiUxcu*. 5<e Baeleramia 
Bacillaiy hsmcflobiaons of cattle 891 
BnciUar> todiairbisa ofch cka 1$35 
Bacillus Bangs abort on ^e< Bntftlla 
abort IS 

Bangs necrosis Set J'lM/o-mie necro- 
pAonie 

of Abel Loctrenbcrg 491 007 1*89 
of Acbaltne 8s6 
of Boas Opplcr "50 "a7 "Ol 
of Bordet Ocfigou See IImiwjAJus per 
tusete 

of Calmette-GuAnn (B C.G 1 ISOC 1331 
133" 1317 

of Danyas See Salmonella enlerdtJrs 
of Denekc Ste } ibno 
of Doderlein ToOctee^ 757 I9'^6 
ofDucrer 791 dee? 607 1"90 
ofFmklcr IVior Fee Fibno 
of Flexner Fee FA geUa 
of FnedJaoder See Badertum 
of Gaertner See Fafnionef/a enlerJtd^* 
ofGlasser Fee FalmoneUa typAt-ewts 
of Gngoroff "64 

of roa Hibler (IX) See Closiridiun* ter 

of Ilirscbfelil See^moneltaparatyphtC 
of Hiss 6S9 

ofHoIiaaiin Fee Coryaebodenafii 
ofJohno Fee J/ycoiaden»"i 
ofKoch Weeks iSleleey 80" 14'*6 
ofilassanab Fee Fibno 
ofMassol FeeioctobociWssbu/^rKUS 
of Moral Aaenfeld, 893 
of Mopran Fee Preieks morpas » 
oflaaatk. Fee Fibno 
ofXocard 18"3 
of Perez 494 


BacjUosofpetit 899 

of Pteua \ocard Fee CoryTMiaeftnam 

of PodcUa (III) See Cfaetridiuns ferl am 
of Schmitz Set Shi^lla 
ofSchmor) Set Fnnforrate near^hom 
ofShigs, SeeShijella 
ofSonne ^ee Shf-jei-a 
of Sordetli Set CloHndxum ttfermenlam 
of Aoldagsen See Salmonella typAi « r 
Tar roA/iipsen 
ofMc h Fee CVaiirK/itfm 
of Whitmore ^ee PfnJJertUa 

of leprosy Fee J/jwboe/enam /eprai 
of mouse septicaemia. Fee Frynpe/ctAriz 
">«ri#eptiai 
ofozsna. Fee Ozaina 
of rat leprosy Fee jfyeebaefenum of rat 
IcprosT 

of soft chancre '91 el se? SO" 1790 
of sputum scptiesmia 663 
of tituolly grass See i/yeoboefer am 
pAIei 

ab^Jccn. See Salmonella 
abony See Salmentlla 
abortus. Set JJrveella 
abortus bOTtt. Ste Salmonella 
abortus cquj Fee Sal nemella 
abortus ons Fee Salmonella 
accra. fee ^almonelia deU » 
aeetobntel cum fee ClosfridisM 
acHl bctiei See Saetermm 
aetdopbil xrogenes See LaeloUteillui 
acidopKilua. Ft* ioctobnetRaa 
aenes. Fee Co’^eboelenem 
aetmv des. Ste Aeltnobae linn 
actinomrceUra roimUns See Ael ao> 
becitlas 

adctaidc Ste SaJmoHella 
mrofstidus. Fee C/ostrafiani 
irogenes. Set Bteientn 
erogrnes caraubtu* See Clortndiwm 
ttrlchit 

irttjcle Ste Salmonella lypii mantm 
Krugmosus See Peendomonae pyecyaaea 
agilis. Fee i-olcl/acttr 
aualescena. Fee FA gella 
alkaligncs. Fee Bartenam 
aliendorf See Salmonella 
aauger Fee Salmonella 
amt^ns Fee FA rcAm In 
ameruboit. Fee Falnwaelki 
amctbystia* Fee CAromoboefenan 
ambeemana See Salmonella 
aaylobactcr Fee Claitridium 
anatvm Fee Salmonella 
aquatilis. See Chromobaeientim 
aiecbarakta. Fee Salmonella 
anzoua Fee Fn/mone/Ai 
artbntidis muna See Corynebaelenam 
asiatjcas. Fee Bactemnm 
auranttaeus Fee CAromobneteriam 
avuepticus. See Posteurtlto 
asopbilc 4^ 
ballcnip Set Salmonella 
bareiUy See Salmonella 
hatana. Fee Sidmonella 



IhDEX—VOLVitS II STARTS OV PAGE 971 


BaciUns boigennckj See AioldbaeteT 
heeita See Salntcnella Mompeon 
bwolmeosis. SttVibnoandLacttAaolltu 
Iwfta See Salmonella 
bifermentans See CToifriiiam 
birenaentans gporogenes Set Cloetn 
dium bifermtniant 
biSdus See LaCtolaciHue 
bions See Salmonella l^pAt nunurit 
bispebjerg See Salmonella 
blegdam Su SalmontHa 
bonsneasM See SalmontJla 
borbeck See Salmonella 
botutmns See Cloelnduim 
boTimoTbibcaoa See Salmonella 
bciTisepticjis See Pasievrella 
brsodcrap See Salmonella 
bfandenburg See Salmonella 
br^deftey See Soimon«Jla 
bicTis £«« I/utobaeillat 
broseiucAiua See Btemophtlat braittht 
eeplxau 

bioBctuMptLCus Set Ramoplxxlv* 
babaliKpticus Su Patleartlla 
bQccaUa tnonferens. 663 
buctmen Set letcMacillue 
budapest Su Salmonella 
bu]j|a/]ciu See Zaelobaeillue 
biitynaia See Clcilndtum and Ilyeo 
wlerxutn 

cadaTects but^ncaa Set Closfndtum 
tcek^ii 

cattfbnus St* Salmonella 

ealontolerana See Clotlridxum 

cambndge S^t Salmonella 

canalia eapaalatiu 637 

cftoaatel Su Salmonella 

capitovalia See Clostridium 

capaalatua 668 

Cardiff Set SalmoTulla 

canua See Cloetridium 

camtti Set Salmonella 

caeei Set Laclobaeillm 

caacasicua Set LacU^xieillus 

raT]« Set Pnudomonae 

caTisepticua jnobiha, 787 

cantnnporogeneB. Set Ckutnitum 

cerro See SalmontUa 

ceylonenaia 683 

cbaco Bee Salmenttlla 

chau^cei Su Cloetridium 

cheater Su Salmonella 

cholerse See Vibrio 

cbolerce auu. Su Salmonella 

cbroococcus See Aeotobader 

cUibomei See Salmonella 

cloacie See Bacterium 

cochleanas See Cloeiridium 

cceruleus. Su Chromcliaclenum 

eoJi. See Badenam 

coll anaerogenes Su Saderium 

coll communior See Baderxum 

coti commuiua See liadenum 

cob mntabiUa See Badenum 

coJarobensia. See Baderivm 

concord. See Safinaiiel/a 

copcniagen See Salmonella lypXi muntm 


BacQliu coryzsa segmentoans 450 
coacoroba See Baclenum 
craasna See DoderUm a bacilloa 
crassua aputigenns, 66S 
cuiucqL, 479 

cj anogeana See Peeudomonae 
danubicna See Vibrio 
danyaz See SalmaneBa 
d«r cs-aalaani See Salmonella 
denitriiicADs See CAronwbarterium 
denitnficana dnoreacens See Psevdo- 
monaa 

derby See SaTinafiella 
difficilis See Cloetridium 
diphthenae See CorynAadenum 
djpbtbens ntnliwuni See Faei/ormu 
tieeropJioma 
diaper See Shigella 
dublui See Salmonella 
ducreyi See Ilsemophiliii 
duesseldarf See Salmonella 
dutaburg See Salmonella 

durban See Salmonella 
djacntenx See Shgella 
eaatbourar See Salmonella 
El Tor See Viino 
enlentxJia. See Selmoiulla 
eotentidia aporogenca See Clostridium 
utlehii 

equi. See Corynebaetenum 
cquiniiia Set Soderium 
erreipelata tuis See Sryeipelolbru rhu 
tiopaihue 

ciyaipcJoidei Set ErynpelelhrM 

caaco See Salmondla 

europteus Set Vitroe&monoa 

esdu See Laeloiaeiilue 

fsecaba allubgcnn Set Bacterium 

falbx See Clotlmdiurn 

fenneoti 756 See Loelobaexllus 

fctua See Fiino 

ftiveeceas See A etseema 

Qama See A Urttbader 

Semen Ste Sh lyella 

florida See Salmonella 

SaoTcacena See Peevdomonaa 

Hoorcecena {iquefaciena See Pseudo- 

fmtidus pzscDiD. See Perez a baciUoa 
fragUta Set Pueiformie 
fri^Soden Sea Baeltnum Frledlinder 
group of 

fundut fonnia See Puaformta ntcro- 

fuTCOsua See Fuaifornia 

foariu See CTromobocteriuw 

fitaifbnniB See Fvai/ormia and Baetlhu 

gallinarum See Salmonella 

gamuiara. See Salmonella 

gartner See SatmonetiVi enteritidia 

georgia See SatmoncWa 

gigaa See <7forfndiu»i cedemahent 

puiMi See Badenutn 

give See Salmonella 

glwtrup See Salmonella 

gocttuigcn See Salmonella 
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BacHlns granulosis. Su SadenKm 
grnmptn'is. Stf Salmondla 
grunthaL Ste E^frtam 
habana. See Salenontlla 
h^sn^lobisoj^iJoa cams See Uirma 
pMue eaais 

luemolytinu See Cto^ndttm 

bartfora Ste Salmonella 

haftifoms See CloeSndivm 

fandelberg See &ilnoiu//a 

belcogtoes. SeeTUmo 

histolyticus Set Cfortr«}«*Tii 

ho&nannii Set Corynebaet'nen 

boraurchsi ^tt SalmenuJla 

horihani Ste ^mmtlla 

bnUmgffsa. St* SolmoMlIo 

)ct«n»dr« Set SalmneSa fj^As-manan 

Illinois. See &i/mOfie//<i 

immobilis. Set j&ufmvm 

indicTis. SttCittemeiMitntm 

infsntis. Set Salmonella 

inflaftix# Set iJtemopkUve 

innatntas. See C/osfrWian 

mmorsi See Salmonella 

■tahsoa. See Salmonella 

jSBtbiQQS. Ste Cl^evtno^adenen 

lara. See SeJme/nel a ponlypU B 

jaTuns. Su Salnoarild 

jma. Set Salmonella enlenltdu 

kasfatsd Set Salmonella 

kaposTU Su Salmonella 

kankaara* Ste Leeiclaeenti tatwien* 

kentnckr Su Salmonella 

kbartooAcnsis Set Baeitnem 
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tn Bodghm i disease. 1981 
esotjb^ogy cU 816 
coaeBclatare oC SIS 
patho-eaic-tj-ot 836 
rrlatioa of to Patf'nnBa, 825 
to Pfn^trtna. 4<»0. 835 
to JVttaa. £3o 
rT*tstanre ct, S31 
rtaining of. 8I6 
eanauca o^ 829 
alortaa. 811 ct S33 

instirtitioeal oat breaks dae to, 1^1 
isola,ion of front runr, 1713 
patbc^'rtuct'T of for aaaP ammalj 
839 

endaUsl ferer dse fa, 1697 
broHoli^ptioii. Bt* iliraopkSa^ troaeli 
trplteTU 

ntfiTtana. 814 /fee?.. E31 

ofeetica of cattle 1697,1719.1711 
tatbogeaicrtT of ta rmiB 
S38 

Bfidnlant ferer dae to, 1633 
pirv-^vrt** 815 833 

81o $33. 833 
parrmis, 815, 833 
raw, 814 de>^. 833 

infectioe of tattle, 1710 17U 
jBtbceeniertT of for azaall aaiaisb. 
839 

TzodnUot 'erer dso to, 1703 
Ulamn*. 814 SIS 833 

disease in man dsc to. 1730 
relsUoa of to PotfeartBo, 815 
BrgeeDerpa. 1705 

BruceSui tert id diagnosis of ccetagions 
abortion D cattle, 1713 
cfrzndnUst ferer, 1703 
Bobo, cLmstie, 1869 
BoS^ors, osteo i Bjeldii o^ 1731 
Bolbar jaralnis m cattle, If^l 
doe to pandora b» Tuns, 1941 
Bnllu ferer, 1 846 
BombIe-6xitof<ltick.e&s, 1249 
BattCT taeilhia. S'% Jtfyxl^slerum Itlif- 
rimn 

In selaboD to Bsdslanl ferer doe to £r 
Aortas. 1701 
Bw/jrriJncfsnnR. 7o6 

Galennn as kataphrlactie agent, 1306, 17,»>, 
1773 

rSifrt of caj sprar foetnatKaj. 391 
inhibition of pmsent formation br, 63S 
relsbon of to hactcoophage actmtr-, 533 
nde of in tetanis in&ctiait. 1306, IToO 
Alcnlisaliraiy, detiaowtycas tn. 1375 
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OkU diphtheria, 479, 1787 
Calmetlc-Gulnn’s bacilJus (BCG). 1300, 
1331. 1337, 1317 
Culrc* See Cattle 
Canaiy j>ox. 053, 1890 
Caoiae typhus of Lukes, 1837 
CspJknes, cerehml, pcrmeabihty of, 1000. 
1754. 1704 
permeability of, 1042 
Capsules, bacterial, 23 

aggressive action of bacteria, ta relation 
to. 1072 

hyaluronic acid in 1072 
in relation to vimlenee, 300, 575, 842, 
1072 

Carbohydrate constitnents of bacteria, 44 
toetabolism of bacteria, SI 
Carbohydrates, action of bacteria on, 52-53 
protein sparing eSeet of in bacfenal meta 
bolistn, 57 

synthesis of, by bactena, 55 
CarLon dioxide, aa essentia! nntnent for [>ac 
tena. Cl, CO 

use of in blood eultnre, 1491, 1703 
Carbon dioxide * hydrogen ratio, in differen 
tutjon of colt arrogenes group, 551 
in gronth of Srveella, 818 
rfllu of in baeterul growth, G9 
Cartexjaleaieiw eh^oeanicp^iJa, 505 
Carrier epidemic, 1251. Su alio Carriers under 
indiria uaf direoeee 
Gamer tj^ of pneumococci, 1073 
Camen.bactenal SeeunderindiCTduofdieeaae* 
herd infection m reCation to, 1240 
in experimental epidemics. 1253 
Catalase, methods of examination for, 353 
protective action of m relation to hydro 
gea peroxide, 72 
Cataphomii of bactena, 313 
of hltrable viruses, 950 
of serum proteins, 243. 240, 218, JfOOt 
1092, 1385 

Catarrh, malignant, of rattle, 19CQ 
Cathode rars, eSect of on bacteria, 108 
Cations, effect of on bactena, 123 
Cats, Eruetlla infection in, 1719 
distemper in, 1877 
ententis in. 1963 
tuberculosis in, 427, 429. 1343 
Cattle, actinomycosis us, 1271, 1276 

anaerobic infections of Sie Anaerobic 
infections of ammals 
autumn diarrhcea In, 1720 
bacillary hsmoglobmttna of, 891 
blackleg m. 8S4. SS5. 1778 
botnomyco^in, 1492 
botulism in, 1621 
i?rttce//a infectious of, 1708-1718 

with Br a^rtva Stt Abortion, coo 
tagious, in cattle 

mth Br ttulileuM, 1597. 1710. 1711 
wither euts, 1710, 1711 
bulbar paralysis of, 1621 
cow pox of, 1883 
diphtheria in, 1390 

diphtheria of calves due to F. aecrw- 
fihonu, 1787 


Cattle, diphtheroid mfeefiona of, 458-162, 
' 1403 

dry bible of, 1621 
ephemeral favor of. 1966 
epixootio pneumonia of calves, 391, 1281 
farcy of, 337, 1276 
•eteco hsBinoglobinnna of, 1621 
impaction paralysis of, 1621 
influenralpneumomaof calves, 1662 See 
aito Scours 

Johne'a dl^case of, 441, 1363 

iamziekta of. 680, 1621 

mabgnant catarrh of, 1966 

mastitis in, 1403, S« Mastitis la cattle 

Midland dLseasc of, 1621 

league, X96S 

plenropncumoDJs. of 939 1647, 1867 
pneumonia of calves due to detmo 
6<>ei/fiu dctinoiifes, 1281 
pyebtis ui, 461 
pyelonephritis in, 1500 
red water disease of. 89 1 

infections of 16D0 

scoors m, 527. 667, 1662 Su alto In 
fluenzai pneumonia of calves 
tubercnlMU IS, 1317, lOlO-iaiS 
Cellobioae, m diffc«ntiatiDn of eoli srogmes 
group, 664 

Cellular hypothesis ofsnspbyUrtic shock, 1148 
immunity, r61e of ID virus infections 1234 
nactjons in bactenal infection, 1007 
CcOobtis. 1493 
anaerobic. 1771 

CcntnfugatioD, factors affecting 9o3 
Centrifuges, tyj>cs of, CoS 
Cerebrospinal meningitis Ses Meningitis 
Chancre, hard ISIS (< srg 
soft. 1790 

Cheese in relation to typhoid fever 1542 
toandoJant fever. ITOI 
Qiftnirs] changes pr^uced by bactena, 51 

Chemieal constitution of bactena, 42 
Cbenustiy of bactenal antigens See under 
iTidividual orytniaTjia 
Cheootaxis in pyogemo infections, 1007 
Chemotberapeutic activity, acidic or basic 
grouw, 170 

and relation to chemical structure, 156, 


162 

eui&ce activity and cham length, 170, 171 
CheoK^erapeatto figents, acquired resistance 
of micro organisms to, 156, 160, 172, 181 
antagoTuzer — inhibitor systems, 159, 161 
nicotmazoida and sillphathiazoie, 163 
nicotinic acid and pyndine aulphona* 
nude, 163 

pantothenic acid and pantoyJtamxse, 
164 

p-aminobenzoio acid and the suL 
phonanudes, 161 
thiamin and pynthiamm, 164 
antagonizers of. 159, ISl, 165 
as inhibitors of bactenal grenrtiv IJ3 
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CtemothfmpenUc ■'"uts, cross-rfsutanfe of 
oucro-organinns to, 161, 172 ' 

graBUCMliu 174 
ficninnin. 170 

sulpbonanudotomponniif, 157 
Biilpbone eoR]poand% 171 
Clie«TJty 8 bypofhwia of lag 61 
Oackm pox, 1001 
Chiffcma ^eeFowla 

Chick. Martin nethod of ctandardizing dism 
ftrtanla lt7 

Cbicka. taciSaiy vbit« diarrhoa lO, 15o5 
CUasivdozos, OiO 

ChlOTine eflTect of oa but«n&, ISS U9, 2030 
Cbolecvstitis, 1497 Stt al*o Gall Uidd^ 
infection of 

Cholera, 7^15-1428 ^MaZao rihriocWer* 
diagnceiaof 1424 

Pfeiffer ■ reaction in. 1425 
epiJetniologr of, 1421 
examination of niapeeted ranralescenta 
from. 1420 

experimental reproduction of, 622 1420 
healthj camera in. 1424 
laboratore infeetKiDa in, 1420 
mode of rprtad in 1422 
offovb IMG 

prepbjtaxu and treatment of, 1426 
b; baetenophxse, 1427 
I 7 ebMaotberapy, 1423 
aerum tben[^. 1423 
It eaenoatioQ (420 
Cbo'en red react Km. SIG 
Cbonomeoincttia Ij-nphoeyiie, 1932 
fMeodo-lfmpboejlie. 1932 1934 
iwinebenia diresM. 1932, 1934 
CkromcLoettn^n, GSl-OM 

groBp forming pink or red pigment. 633 
fomxig noUt pignunt, 
forming yellow or orange pigment. 
637 

p gment formation be, 633 ft ar? 
avKAyafivm, 633 
o^i/e. 631. 637 
avranimeum, 639 
corralnm, 63o 
denUnJi£a^, 639 
/aasum 639 
mdieiim 63a 637 
^niiinam, 63a 
635, 637 

laftiS erytirojrnfS, 635 
piycoidea nMeKie 63a 
ocaroceset, 630 
prodi^ianim, 631 el teq^ 63G 
nhe/actem, 63o 
rub^, 635 
nineam, 63a 
lypi‘ /amm. 637. 633 
nofocevin, 631 el teq^ 634 
Chromogeneeii See Pigment formaticm 
Orcalation of Uoed. rmoral of bactena from. 
1037 1047 

Citrate relation of to bactenopbage seUnty. 
S33 

in differentiation of cob wrogen“s gronp. 
663 


C*noia. 177 
OadoUmcoeis. 1270 
C^adothnx vteroidee. See Actinontycea 
duaScation of baetena, 210-323 

aoligcmesfnietBre m rrfatioa to. 314 
entena of 311 
nomenelatiire m. 313 
CUracin. 177 
Claratin. 177 
Chfelee, lS9a 
CSaxiformin. 177 

Qnnatie bubo. Su Lympbogrannlosia in 
gmeale 

CWniiam. 658-633 

antigenic (tmcture of. 864 
biocbemiral reactioas of $63 
cbusiffeatioa of S7l 

Ubolated. S72, 874-675 
raltnra] reactiocx of. 660 
bf molytm production by. 863 
in appendiatis. 1407 1777 
iftfectiooa dao to. 1746-1733 
metabolism oC 8^ 
morphology of Sat 
petbogenintT «t $69 
ree,aiai)ee of 861 
tbcnnophilie »pecifa eC S72 
toxin formation be 865-669 
8*2, 690 

ote'ef al^tsam 162 872 
hi/rmodaM. 1771-1773 
Utahaan, 853 rt *cy, 8*9 

IS relatito to bcitnlirm la anSiult, 
1619 

la man, 1613 

pathogmsinty ot foe Uboratoty 
animals. 8^ 

(AXIS 0&S66 

baJyncare, 8aS el feq^ 873 
copitceolc, 874, 890 

eaJonioleraat, 

comu. 862. ^4. 890 
c^vrzi. 863 tf aey., 852. 1773 
toxm of. 869 

axilranawi 861. 663 872. 874, 

S9t 

d>^i/e.S74 891 1937 
fallax 861.872 874 891 
681 1761 
Afi^jticiim. 891 
Aoafi/onne, 874 S91 . 

Atetofjficeiii 85S«l«cg_8T7 1771 
niiAi^emKiitoMreiiATbln’i 8*2 ^2 
noryt/ SeeCk odtnaticaa 
odeaiatieKi. 861 d teq^ 831, 1771-1777, 
1780 

pathogenicity of for laboratory 
animals. 871 
toxin of, 86S 
adenqlnia 890 
parulotaliaan, 879 

W relation to iotnlirm in animals. 
1620 

panpairtftan, 893 
jwrncporojtscs 871,872 892 
jkadciriaaani See Cl halyneam 
pvlr\fican, 892 
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Ci>*fr»'/i«m 8G0 ti ttn ,8St, 1771, iTJg. 

ITSO 

fw{hoi;cnirity- nf for Uhnntnrr 
anitnalt. 871 
I'lxin of. SCO 

ifplu}tt. SftCl i'p(icum 

Stf Cl. b>/emtnla>ui 
tp},fnouIe$, 872. 874, 892 
tpnTVjtnu. 658 tt jpj , 876. 1771 
Irrtivm, 8f.2, 602 

Ulan,. 8'>8 «l ffq., ess, 17I&-17G7 
(liifnliutinn of in natnrr. 1749 
fatbn$;rnicitv of for Ubortiicav 
animikb, 870 
toxin of, 6(17 

lflanani)fj,httri, 872, 874, 603 
Virrmotfietbarol^icvr*. 872 
839 «l trq , 836 
b^aluroni'la'C of. 663, 1013 
in iiippuratiTB iHiont of Ike urinarv 
tr»el, IWO 

lo woDAil infrrtjon, 1501 
infciliorM due to. 1750, 1771. |?8l 
infections In ikeep, due to, Itgi 
Sn o}piB}if*p 
lecithinwe of, 807, 1774 
jwilkof^icHT of for Isbontoi; 

•i»in«K 870 
toxini of, 600 

CMiCttI>iM, In Loctenxl InfectionJ, 1013 
Cocri>-b»riJlaii fa->idu< oa« nr, 4DI, 41>> 

Co rnxTwes.rOleofinbacterUt meuWisin 49 
CoM, rSect of on tioctena, 113 
Ibe ronmon, )CU 

Txcintitien eesni'l. 1651 
Coll cro^nr* poup, t^OO-407. 5<r atta tlte 
trrxam 

difTemtisl fount of. 2023 
fnlrrmedittp group of. CGi, 2031 
Colifonn diffcrfntixl count of, Joa 

Collodion filtchi. OM 

(A’llodisf wifllone, in rcleUnn to entip^ 
•ntiUKir rraciions, IPO, 207 
Odonie*. Inrtenal, 30 

driK^ptlon of, 559. 561 
Cotmj form. Tnnition in, 200 
Culorudo tick fcTcr, ISIO 
CoWfum, IremfirtTnce' of «ntiboJ<t** In, l077, 
1092. 1742 

Comm* luirillu*, ^ffVU'ftatMrTm 
(Jommcm cold. Ilic Sf* CoU, the cfoimne. 
Complement. 103, 106 

•n*l} »U of gulnr* pi?, 230 

»nalrtl» of bunun, S3t 

remponeotj of in rtUlimi to n|»onin*. *37 

»n I piece of. 220 

fourth compofirnt oE, 230 

loel isece cf 220 

n*1nrc of. 2?9 

opennint in reUlion t<>. 235 

frUtlnn to riUmm inukc. 231 

cAle of ecnrpnncnt* la £t(t<on, 233 

tHr nf in Immolpim 225 

•pi ttlr? of, 230 

rrmlola / t the rowrvTOcot*. 230 
tlhinl ccmicocnl cf. 230 
on ij cr Aitrrviv oC 220 


Onnpjrmmv fixation, 193 232 Srr 
Antijm antilicilT rmrticm* n*f nn^rr mli 
f«/iin/diien*e( 

(Vfnidemmt fixin? *i)lilv«l>.'*. Sft anitf 
Antisift arniWlv rroc-li >n« 
naturaL 1066 

Comjdemmtopbilie yremp, 199 
Omi^tration ripwieni n of dit-nfcrtania, 

140 

Con^iotirullon le«t m dis?nM»« of rUoJer*. 

1414 

Cimjuflettra. normal f ira of. lOSS 
Cunpnnrtiva) **p, rrmoral of >«rtrna from, 
1025 


ConjunrtiTitii, 1406 
anrular, Sog 

follinilar in mnnkpii 1979 
•minmine i>atb, 19)0 
CunMant antilKuly opUeuI raiie 202 
Cormant afttic»n eptimal rain 203 
Contagion* abortion in rult'e Stt Abortion, 
fontagiouf in rattle 

Contagious puituUr drrmatiiii of ebecp 1997 
Correlatnl ranationi in bsctm*. 290 
Coryniltultrytm. 447-473 
•ntigmle structure of 451 
flsisilirfttion of 46-7 

<it«ra»ca rsuani kr, 1103 9e« b1«» 

PiphthfTta 

fcrmenUtion rraetions of <12 
taVe of, 473 
morphology cf, 419 
palhofenicilj of. 455 
pbnsphslaaa pfoiluetiora b>, 453 
•trains of intmueslialf ictercn C 
dip<f4en^r arwl C one 453 
toxin prwhction br. 455 
•rair 462.471. I4t0 1492 
aniUt f>4 man/, 462 
eoryx* •rsmrntciiuin. tV) 
d.pAMmr 447 ft a»f 

<{i«Cnbatinti of in ti*me« 13^9 
gxjn* typo cf. 449, 4V) 462. 13*0 
in relation to ilipbilrna in man. 
1370 

pweih rc<iuirrTamta of 1*2 
krfnolraii pmlurcd tr 4.J 
In mi 1. 13*>1 2039 
in »piin I infect! ’ll, >503 
inbiiitlon cf, l» keaie’l U<«»1 431. 


talrrmol.x IJ of 419 4‘<> 462, 
ISTO 

In rr-NU'et to rf'pl tlieri* it mto 
* 1370 

(etuins proluml ly Hi fo -e-a p</a. 


457 

tsae«chle .traioud 3I« 
-./..Irpcof 419 4V> 452.13TO 

ill rcUti m to d ptiheci* in mm, 
1370 

nwpVi -xy cf. <M 
cf 455 

teiuatanrc cf 4*1 

rniri’camcj •'ecfiptxai rf Ifi 

Ul«Ur >1 •'e»ce»at<m •< t 1 pr» 

4<3 4«i 
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Coryntbaclertum dtphAtnas, teUuntfi medittoi 
for growth of, 45(M51 
toxtn of 453 

action of on adrenals, 45S 
on heart mnacle, 453 
gram, rni/is and tnlermtditia 
typM in relation to, 1373 
MJ^D of, 233. 1384 
nrnlcncc of m relation to ioxigen 
•city, J372 

Tirulence tests on, 1375 
virulent and aruulent etraina of, 
458, 1373 
ejTii, 452 460 469 
ho/mannt, 450. 453, 466, 473 
manum, 430 461,470,473,1404 
om, 450, 451, 433 439, 460. 468, 473, 
1403, 1619 
diseases dne to, 1403 
relation of to C yyogenu, 460 
toxin of, 439 

f«eudotuber^osu mnnum See C 
munum 

pseadotabercoloeiB oris See C one 
pyapene* 451,453,460,469,473 

dtseasesditeto.l403,l<94 1496.1500 
inarthntuofaminats, 1496 
in maatitia, 1494 
in preloo^hntie of rattle. 1500 
relation of to 0 one. 460 
rtnale, 4a8, 463, 470, 473 
lypAt, 463 473 
artnin 447 el ttq , 467, 473 
Couch plate in diagnoeu of whooping coogb. 
1C63 

Counting of bacteria, 80^3 
tecuuqne of total const, 80 
centrifugal method, 8t 
Cberk a method, 80 
Helber chamber method, 81 
opacity method, 81 
tVnght a method 60 
techniqae of Tiahle count, SI 
dilation method, 81 
pbting method, 82 
roll tnbe method, 62 
surface plate method, 83 
Cow See Cattle 
Cow poi, 18S3 

CresoU, effect of on hactena, 133 
Cmfttpira baHiiarm, 903 
Croas infection of wounds 1502 
Crystals, mired, formation of as analogy to 
antigen-antib^y reactions. 264 
Cnltuial reactions, in identification of baeteiu, 
359 

of hactena, terms nsed in descnjrfioa of, 
364-366, 369 

Cattnre media See uetdername of medium 
Cultures, pure, methods of obtaining, 351-357 
by aerobic and anaerobic mcubatum, 
354 

by agglutmatiDg serum, 33o 
ty dilution, 351 
bf filtration, 3o5 
fy heating, 354 
by indicator medm, 3d6 


Ooltorea, puce. rofiUioda of ohtammg, hy 
Koch’s plating method, 3o2 
by motility, 353 
by optimum temperature, 3ol 
ty pathogenicity, 356 
by selectire baetcncidal sabstances. 
354 

by selectire media, 355 
ty shake-tube method, 353 
by single cell methods, 357 
ly \ eiUon tube, 353 

Cystitis, 14!}9 

C^tochreme-osuiasc, rdle of m bacterial oxida 
tioiM, 48 60 

C^rtM^iromo systems of bacteria and auaero- 
buMis 7t 

CytophQic group, 193. 235 


Dale technique in stndy nf anaphTfadie shock, 

1140 

Daoyaz phenomenon, 216, 240 

Daoyn i baciUui See Salmonella ententiJu 

Dark ground ntumiuation, 18 

in study of filtrable rinisee, 9o3 
Dechoe phase of bacterial growth, S3, 97 
Deer fir ferer See Tnlarsnua 
Debydrogeaaaee, bacterial, 47, 52, 59 
loactiraiion of. 59 
Dcoeke's nbno, 523, 525 
Deogne ferer, 1053 
Dental canes. 751 

DermaerntroxeDus ncketto Set Bieletteta 
netelUt 

Deroiatttts, contagious of sheep, 1897 
Deecnptire terms for hactena, 364>366, 389- 
372 

Dcaccalion, effect of on bactena, 111 
on filtrable nman. 
for pnsemng stock cnltorea, 112 
Dcsoxycbolale. for lysmg pnesmocoeci, a7l 
Leibon's medium. 6o9, I52S 
DeateToalboocoe, effect of on antibody for 
mation, 1123 
“Diamonds,” 1233 

Diaphragm action of in intrapentoneal infec 
turns, 1010 

Diapl^ raceme, 1337 
Diarrnea borne by milk. 2019 

summer, 1580, 15^, 2019 Set oho 
Ententia ofmbncy 
white baciffsiy of chicks, 15.>5 
Diastaec in serum, 453 

Diazo reaction in preparation of synthetic 
antigens, 2o3 
Dick test, 1165, 1167 

groups m relation to, 1078 1030 
Dative populations, in, 1031 
puerperal ferer m relation to, 1481 
Diet as determining intestinal flora, 1990 
effect of on immunity, 1190-1202 
Diendouni a medium, 515 1424 
, Dilation method of counting 8! 
coliform bacilb m water, 2023 
ose of in obtaining pure cnitura, 35t 
Dumuiahisg returns, law of in antibody pro- 
duction, 1113 * 
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Diphlhfria. 1S6S-I403 

•ntitoxtn, kviUiU of. 1030, 13SS 
1570 

Jn blood of normal horewi, lOS t 
of normal pofWM 10?Vl(fc3 
in nro/tn ntn) ratio of, JISS 
tcCnwl, 1379 
tUfldanlfution of, I3S3 
bafillu*. S« CorynrWJfnam 
bomo Ij milfc, 13J0. 2M9. 2019 
mmors Cnao ratio in, 1219 
ramm in. 12 IS 

arlrulrnl itniirw m. 1033 
rnVftofartirrimrounitailoiioo. 1251 
rate of clfanng of 1337 
trratment of. 13 m 1 
diasnwu of, 1373 

different Rra<les of immunity in, 12''0 
of. 1210*1231, 13sa 

eayenmenUl jiroluelion of, in Seluet.* 
IxxiliTB rwictnni, 1033 
yrarte, *nd milt4 Ijpeit of 

C <ii;>MAen« in relation to i37U, I3u2 
immuniutlon aspimst, 

artire. 121''. 1391-1400 
aetite and jvivure, 1401 
rffeeV of on rorrier rate, 1390 
ftWL'lTe, 1401 
roeults of. 1393 

la domeatie animab, 1390. 1403 
In J'fe.afhonl ehilJrtn, 1399 
waelionlj, 12 ( 3 - 1:31 
ineUtolinnal efi<lerBi<^ of. control of. 1401 
Jlotoner reaction inreUtion 10.1393,1390 
tvatural imnuniution aiminet, i2(0*l231 
f«Ui<Vrn(»u of. 1309 
tnvpl)Ttactic«a(!aiiut. 1391 
euindarditalion of. 1402 
pronhyUtu in. 1391--1403 
ocldck tret in trlation to, 1313, (379. 
1393-139S 

«pre«d of. by anfreaK 1390 
by doit, 1339 
by fonjitri, 1339 
by milk, 1390,2049 
tusreptiiiility to, rneasuremcnt of, 1379 
toxin ID relation to type of baeillue, 1372 
Lf, Lo L-b, and I.r dose of. l3St 
3II..n or. 233 . 13S1 
51 U U of. 13S( 

Schick doM> of. 1377. 1381 
treatmmt of wiUi antitoxin, 137S 
virulence tc*t» In, IS?'! 

Di| htbcmid barilfi. S't CorynititKtmum 
in animal diseaaea. 140.3 
in liuman diaeaae, 14U3 
DjIiIococcti* cnuitti, B3J. 532 553 

Inlracellularis memngiUdui See A’rie 
etna meninjifi/ia 
mucoxus, r>.'>3 

phatyiigia flarus See A’eiMeno 
pnevmonne SeeSlrtploegixittpinumoimt 
Disinfectants concentration exponent » of, 
143 

CDulsified. 133 
gaseous. 140 
liquid, 149 


Disinfectants, practical application of, 149 
aoinl ISO 

standAnluntJon of, ]43 
teraperatiiro coefficient of, 143 
Duonfeeiion, 10(-(50 
acids, 114, 118 
b} alcohols and ethers, 132 
byaikslies, 114, 120 
by cathode rays, 108 
ehloroxylenois, 134 
l/y cold, 112 
by desiccation. 111 
by distilled water, 117 
bydiy heat. 112 
by dies, 13( 

Iij eicctnciiy, JOT 

by etectromagnetie wares, 103 

by esKntial oils. 130 

bydunuig. Its 

by paxes. 149 

bj heavy metals, 121 

by moixt heat 113 

by mould products, 172 

by phenols and eiesolx, 133 

ly photcA}Bim>e»envtiznUon, lOfl 

by radium. 109 

iiy flSntpen rays, 103 

by mIu, 120 ti HI 

by soaps and synthtlie detergents, 130 
by solid dinnferUnts, J50 
by sonic and suivrsTinio uares, 110 
by steam, lU 
by sulfhoRsmides. 157 
by sunlight, )0:. 104 
by «Iln violet light, 103 
dynamica oC 137 

effect of eonee ntration of dwmfcctant on, 
140 

ofhydrocen ion concentration on, 114, 

118 

of lipoid content of bactena on, 149 
oforganic matter on, 134. 133 
of proteins on, 149 
of temperature on, 143 
of variations in bactenal resistance 
on, 140 

reaction lelocity of 137 
PispuraKaukasica SeeLaiMeKiUueeaaccuicai 
DissociatioA, bactenal, 239 See aJeo tans 
lionofbactena 

Dislempcrofcals, 1877 j^eea/soFeimeententis 
of dogs, foxes and ferrets, 1961 
encephalitis in. 1061 
Distilled water, effect of on twetena, 117 
Division of bactenn, different methods of, 33 
Duderlein's bacillus, 730 et eeg , 757, 1996 
ItogsansphyUctic shock in. 1133 
Zlmce/lo irt/fclioa o/, 1719 
distemper of, 1961 
experimental pneumonia of, 1669 
in relation to^lrre boulonneuse, 1843 
rofeetioas ansemiA of, 904 179S 
leptospiial jaundice of, 1837 
streptococcal lymphadenitis in, 1496 
Stnttgart plague in. 1837 
tuberculosis in, 427, 1343 1343 
typbos of Lukes in, 1 837 
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DonoTCKKi yra««ii»*»<ili4 
I>5«nancj of taet«ru, ^is 
Dos»-iwpoase mrre ta tnfaja»m«il ^ 
toTifity '>^‘WS 

IhopM inftrtion, 13\2. 2003, eOOG , 

Droplet onclei 

fate >a respir»t<JTT traet, J024 
Drug idK»yncn«es, 1153 
Drag fast nuero-orpanisms, 15fi, 160 1^ 

Ihug fut rtiains of progwue bacteni, loW 
Draae* m artinomjwjs, 3T5 1270 1272 
Dry bible of cattle, 1621 
Dacka, drscaae of due to C7 k^efaasn, 1622 
eygsofia relation tofood poiioiuar 159^ 
1599 

keel duesM of, 1399 
SalnontSa infection of, 159a 
?juroeh*t<6is of, 1«09 
Dncrer $ baciUos, 791 rt eey, V)7, IT^O 
Durand a disease 1961 

DareJUrerlaaj brpotbeus cfor^n of natural 
antibodies lOsl-1093 
Dtt.-t infection, 1312. 2003. 200j 
Dyes, laeleniistalje effect of on bacteria. 131. 
3^ 659. 1527-152!. 

rasceptibilitT to of Gram pnsiure and 
Grain ne^tiTo bacteria. 134 3o6 
B.«e of in diffeeecUstioa of Dnetl^ $20 
Dysenterr amotbie, 1561 
baeiUarr. 1561 1576 

antisenus. a*e of in. 1374 
dellailtoa of emit of 1575 
a^laa. l56o 

baeten^ogr oC iSOO-loTO 
baetanoebifR la treatment of, t 5 *« 
borm br milk. ISOa. 2019 
rammof. 15*0 
ckemotherape oC lo~6 
diacnosiiol, 1571 
epideiaioIogT of 15ff* 
fiKs in relation to. 1563 
laboratory infectioo <n nun. 1571 
profiirlaxis ol 1573 
racciaati^ against 1574 
iriBter ofca]Tes,S27 

balantidial, ISol 

Dysenterr grwip of baetena, 6 n>-6?9 Sit 

Earthworms in spread of anthrax. 1732 
Ectronjcba. 12“S, 1909 

actire imsiirnBition against. 1 25a 
erpentoeotal epidemics oC I2o(i 
dried. SaimerulJa m, 72S-743. 1602 
Eg^ black rot oC 647 

for cnltiration of xirases. 961 
S^ftottlla infeclKm o^ 1a9^ IcS9 
EuSO 

relatiMi of to anaerolic growth of lae- 
tena, 71 

Ehrlich s phenomoHm m loxia-antitoxia re. 
action, 239 

method of diphtheria antitoxm staa 
dardizatioa. I3a3 

theory of antigen-antibody teaettoos, l^o 
Etjkmaii'a test m diffaeotiaticai of e^ 
mrogeaes group, C64, 2023 


Elan 156S 

El Ter tibrio, 519 ef 525 
Eleclnc charge in relaticn to ar^Jotmatum, 
214 204 

to pJugotrtosji. 235 
ElectnalT, effect of cm baetena, 107 
Ebctrrfne* effect ef on antiien-aaljbadr 
teacticms. 200 

EWtromagTwtie wares effect of on bartena, 
103 

Electrophore&u. Cstaphoresis 
Elnr*enUry bodies Sl»9. 1^57 
Lnrep&alitis m animaLs 192I-]9^ 

Boru disease. 1 S 2 I 

horses, foxes, mice, rhickens, and aheep 
1'»22-1924 
in diftemper, 1961 
iouTmg ill. in2o 

i&mn;o-enccpisaLt.a of rabbita anl 
gnicra pigs 1924 
Enteph^itu m nun. 1915'1021 
Ansfialian X type 1915 
Bwaaba fewer 1920 
Kjoinelype 191S 
Japace^, runmer, or B trpe, 1917 
lethargira, 191., 

Rn«aua sptiag-saminef trpe, 1915 
St Loom trpe, 1916 
seetJodUT type, 1*21 
Seoliki rwtst trpe, IW 
Weat XOetrpe, 19l» 

EorephiLtia post ramnal, lt9| lof) 

FftfAclitceoo* entaih 1925 
Endo Dedioa. 1525 
EndoeatdiUa. bacterial. 1514 
in m>e crysfelaa. 12S3 
Vnta. nbarats 1515 
Endotoxins lOOa 

aetima lacienal. rrUtico of to 1010 
daases prodneed br m blood snmuv 1011 
See cJfo Toxins bacterial 
End pieee of ctaiffemect, 229 
Eatsmorbi Jiutetytiea dr «ci. *ety esnsed br, 
1561 

Entenc fever 1519-1555 

actire immiimzatiea agaizsst. I530i. 1554 
anbbodr restense in, 1520 
bactenemiata, 1520 
barima assicf, 1326 
eame-s la. 1543 

detection of br Vi test, 1547 
cal] tladder infections m iclitica to, 
1522 

chemetbenpv in. looS 
diagaoeu OS 1526-1540 

br a^ntaation reaettoo, 1529 
by Idood culture, 1527 
br cnbiraXioo from faeces. 1527 
natural a^iutjims u relatica to, 
1532 

peenoos laocn l at io a in ration t\ 
1537 

effect of p-rtc-al sanjUtiaa ca. lo4S 
ejaiieaMsKsy c£ 1540 
{ties 19 rdatioQ to, 1543 
Tne«e®tenc glands mfretua ef in. 1522 
milk in lelatioa to, 1542, 2049 
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Enteric ferer. pathogenesis of, 152&'1525 
penod of disease in relation to contact 
infection. 1546 
relapses la, 1525 
route of mfecticin in. 1523 
shell fish m relation to, 1541, 2031 
tonsillar infection m, 1S24 
treatment of with specific antisera, 15M 
Vi antigen m relation to, 1523, 1547 
water wme epidemics of, 1541, 2031 
Entenc infections m aniznala, 1555 
Entenlis, feline, 1963 

of animals <Sm Enteric infections 
Enteritis of infancy, 1S80-1S90 Ste aUo 
Entenc fever and Food poisoning 
associated with organisms of doubtful 
pathogemcity, 1585 
With parenteral infection, 15S9 
due to known pathogenic organisms, loS4 
due to toxic substances of baetenat onsm, 
1583 

epidemiology ot 15S0 
infincnce ofbreast-feedmg on, 1582 
neonatal diarrbcea in, 1583 
of protozoal ongin, 1588 
prophylaxis and treatment of, 15S9 
cummer dianbcca, 1535 
Enterocoecus ^eeStrrptocoecus/creiilis group 
of 

Enterotoxcmia of sheep, 1783 
Enterotoiic subatsnees produceil by Sol 
mondla. 1607 
Eutiqui, 1647 
Enzootic hepatitis, 1959 
Enzyme*. iMctenal aetiog on Type Ilf poeo 
nococra) polysaccharide, 173, 1682 
adaptation oC 293 
'•adaptire,'’293 
“ constitntiTo,” 293 
mutation of. 295 
nature and int^ration of, 59 
rdle of in bacterial metabolism, 46 (I i<1 
site of action of, 59 
variation of, 293 
Eperylhnyoon, 903, 903 
coccovfcs, 905 

Epidemic drains of bacteria, J261 
Epidemiology, experimental, 1253-1264 
earners and latent infectroos, 1253 
epidemic struma of bacteria, 12 C 1 
genetic factors m, 1254 
immunizing strums of bactena, 1262 
natural immunization, 1231 
selection in, 1254 
spatial distribution in, 1263 
vanatioD of bactena in relation to, 1260 
Epitoxoids, 239 

Epizootic hepato eutcntis of guinea pigs, I960 
lymphadenitis in guinea pigb. 1405 
pneumonia of cairrs, 301, 12S1 
Ergophore group, 198 
Errors of random eamphng, 9S1 et ttf 
Ennnia, definition of, 654, 6o5 
Erysipelas, 1479 

chemotherapy in. 1485 
expenmentu in rabbit, 11S0-11S2 
local immunity to 1180-1182 


Erysipelas of euine SeeSwina 
Erysipeloid, 1285 
Erynptldhtix, 395-403 
ntn^ ty^ of, S96 
smooth types of, 396 
crysipcfoiifw, 399 
monoq/togtnta, 395 el seg , 401 
disca<e due to, 12SG, 1791 
mumcpfiea, 395 et «rg , 767, 1286 
jMret, 399 

riutfopaiiix, 171, 395 et 400 
disease due to, 393, 12S3-12S3 
Erythema ortbciticum epidemicum, 1277 
Erythema, infective, 386, 1277 
nodosum, 1332 
EiylhrobaciUus, 631 

Eiythrogcmc toxin of Streptocpceve pyogenea, 
591,1465-1469 

Eaba^ reagent for inhibiting Profeue, 1528 
EaeAenciia See Betelerium co'i 
Essential oils, effect of on bacteria, 136 
EtiAiomene, IS70 

Ether extraction, effect of on antigen and 
antiboc^, 207 

Ethers, effect of on bactena, 132 
Euglobulin Su Globulins 
Exonlbesatic fevrr of 3JarseiUe, 1S4S 
Exhaustion hypothesis in relation to bacterial 
growth, 94-97 

Esotoxins, 1007-1011 See alao Toxins, hac 
tenat 

Expenmental epidemiology fee Epideuio 
logy, expenmental 

Feecca, normal Qora of. )0S7 ei aeg 
Famine fever £e< Eelapsmg fever 
Farcy of cattle, 387,1276 
Fat ffleisbohsffi of bactena, 53 
Fatigue effect of on resistance, 1202 
FaU, effect of on antigenic stimulus, 1115 
Lpins and waxes in bacteria, 45, 409 
synthesis of, by bactena, 69 
Febns qumtaua or wolhyiuca. 1S31 
Feline eolentia, 1963 

Ferlebyphua, bacillus of See SatmoneSia 
lypht eui» 

Fcnnrotatioa, study of by Pasteur 2 

reactions in identification of bactena, 361 
Ferret, distemper is, 1903 

influenza in, 16o6, 1659, 1660 
Fibcinolysio in bacterial infection. 10)3 
produced by Sir pyvgenea, 591 
ribromatosia, infection*, of rabbits, 1979 
fVefif mice or Tofes in retjfion to fepfospirt? 
infections, 1S34-1836 
to tsutsugamushi fever, 1849 
Fteere hou/onnevse, 1843 
Elides’ medinia for growth of 17 injtiienzir, 793 
EUteis, bactensl, 049 
cc^odioo 051 
giudocol, 051, 955 
Fdtnble forms of bactena, 35. 408 
Tiruses. See Viruses, ammal 
Edtrstioa, factors aflcctuig, 949 

use in obtaining pure cultures, 355, 010 
FiaUer Prior’s nbno, 535 
Eixatioa of bacteria in tissues, 1044, 1615 
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Flsgt'Ua, bartenal, 30 

FlagfUar »ntig«u Ste Antigenic stmrtnji of 
tactena 

FUtnmg m disinfection, 113 
FlaTscin, 177 

Flarme, disinfection bj’, 135 I7"6 
FlnToprotem. r&le of in bactenat oxnUtion. SO 
Hens, in stiology of plague, 1633 rt i»q 

m relation to mnnne tjphas ferer, !&!■> 
Fkiner a balsas. 5« 

Fliee ta telatton to anthrax, 1733 
todTS«it«7 1563 
to enlene ferer, 1543 
to lunbemecb. of tbitVens, 16i2 
to sninnier diairhtta, IS"^ 

Hnorcscin, 50S-510 
Foal? premia m, 1401 
Food poisoning 1593-1612 ^eeefaoBotolisin 
cbemicab 1592 
diagnoeu of^ IGOS 

dne to epray-dned egg 159B 16^2. 1601 
to nmi prrpnnticms, 1603 
epdeauologr of. lo93 
genera] banenolojr oC 13'‘j 
infection trpeof,l5''0 
eaosed br ears 1596. 1599 
eansed by mifb, 1602 2019 
mode of infection of food lo, 1603 
human camert, 1603 
infected «"'"»«>«! 159^1600 

1602, 1603 

nttudmiee, 1600 1603 
Sa!m9iuna trpes m. Iv97 
fjmjaoBatolcpgT of, 1»93 
trpe of food caosing, 1601 
urntmtioa of ontbreaka oC 16(^ 
proph^axu o(, 1610 
tosm trpeo&lSSS 1604 
dne to etajJiylococei. 160 j 

to ranoos ortranisme. ICC^ 
Foot-and mooth disease 1933-1907 S<e ole? 
(^pteroo 

eiptnineiital reproduction of 1901 
munmuty in. 1906 

mechanical factors in relation to iesionsof^ 
1342 

relation of to resiralar exanthema of 
STTine, I^OS 
PtKg InpfuMj in, 1907 

nms of 190o 

Footrotoftheep 451 17S7 
Forage poisoning m horses 850 1630 
ForTnaldehrde. effect of on hactena, 149 
bypersenstiren'-as to.Hoo 
Foimoi toxoid in dipbthena immnmzaboo, 
1393 

in tetanns immuniration, 176o 
Forssman antibodr anaphrlactic shoch 0 
relation to 1144 
antigen and antibodr 10*9 
antigen in bartena, 2«-2 
Fowls, taallary white diarrhte* in ebicbs, ISoo 
bine comb of I9"0 
botulism of 1633 
Braalla infection oC 1719 
bumble-foot of 1349 
choloa 1&16 


Fowls Ai^eraic disease efi 5S2 

eoTTXaoC 1799 
infeetioof broochitis c£ 1970 
inSrctions larrogo-traebestij ot I'KS 
l«t]»eua of, 19<6 
lushrmeek in, Ar<0 1623 
Newcastle di.'eww of. I6S5, 19C9 
piralj*!? cC 1976 

pla-ne or pest of, 196« ffee of» CJiayte- 
5o 

pox and roup of; 19^ 197 O Sh ct*o 
Otapterfio 

Hons sarcoma oC 1977 

infection ot IS'^O 
tnbrtTtdasis la. 4^ 1343, 1343 
Foxes, mcepbalitu oC 1933 
FfBexing effect of 00 faactma. 1 12 
Fret test. 1S7I 
FreinkUich ifotbe'ia, 218 
FretBidbfh se*TCf 1*9 

Fredlaoders baeiCua. ^ce Bar'erjsm, Frvd 
tinder group of 
Ffocs, red l*g disease oC 517 
Fnmigatin, 177 
romigattn, 177 
rmnjomtf, 477-484 

group charactenstics ot 477 
fiowth requirrm-Bt* et 47S 
0 ufretioas of gi»e_ 1497, 14^ 1754 
la nonh. 479 
/rojCis. 477, 483 
/arron4.4><, 4^ 

/■ei/crsiui,477,4S2 
f<i<ln>ao;enma. Sol 4^4 
■erropWos, 477. 479 

n calf diphtb«Tu. 451, 17S7 
tn fo>d r« of aheep, 4'1, 17S7 
m bunan isf^cCas^ 451, 17^ 
in Ubul DecTcais of rabbits, 451, 17a5 
raiBorss, 4”, 483 
eirpfwe.477 483 

CaeHoer s bacillas. ff«e Ba’iaowdla n.<n.»f>t 
Gall bladder, infretios of, 1497, 1532 
Call j*ons», eff'ct of a Teomotng ia&cf«n, 
1497 

Gamma glabuLn m i»a:d<9 progbrlaxs. 19o3 
Gaol ferer St* Trjiui ferer claseKa] 
Carnei method of standaidizmg iLsnfectants, 

146 

Gas gaegreae, 8a3. SvS, S>7, 1770-1783 
•etne namrnTTxtMo asainst, 1777 
eieiDotherapj- of 1776 
liriduiouidase in, 1T3, 1774 
in anmalQTTg 
u mas. liaO d «•? 
astisera to, !• an 

preparation and stamiardisatxa 
of 1776 

bictcnoJogr of 1770 

diagnosis of 1774 

mode of derelopment of 1772 

ptoihrlaxu and treatment of IT'o 

Ireittmxsein. la, 4 

reprcdactmn of in anunabi. 1773 
Gas ratio 0 differentiaticn of cc4i-crc§^e* 
group 661 d 
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Gasrous dumieciants, 149 

requirements ot taeteria, C9 
Ousfro-enlentis See Cntentis of infiuicy 
J'«>d ^ojsciaiB^ 

Gutnc juice, bactericidal action of, 1021. 1037 
Geese, sejitirsniia ot due to Tres aiueinnum, 
ISOS 

Genera bacterial, summanted (lesrripliona 
313-323 

Generation index, 89 
Genetation time, 89 

of different orgaaisma. 02 
Genetic factors ra anaphylaxis and b}per 
sensitivenea*. 1109 
lo immunity, 973 

to Paeieuttllrt and Salmondlo tGi, 
975, 1254 

to tuberele 1 ncillua, 075, 129S 
Genital tract factors «Ietcnnimn«tiorm»t flora 
of, 102o, 1210. 1930 
Genna bacterial, 316 
Gcrbille*, plague In, 1637 
German measlea, 1052 

Germicides, practical application of, 149 Ste 
ofw Disinioctxnts and Disinfeetloo 
Oinrdia fnmldia, ententis due to, 1SS3 
Oieentie acid, 177 
“ Ginger ” poratjsis, 1692 
GtocUu. 750 
Olaodcrs, liOfl-UlS 
and hrey, 1408 
control of in hones, 1415 
diagnosis of, UK 
epidemiology of to animals, 1403 
taman. 1411 

axpenfficntal reproduction of in awnwl* 
443,491 

immooity in, 1414 
latent, 1409 
mallem test in, 1412 



v'lanuuiai lever, tiui 

GlSsscr'a bacillus Ste SalmontValyphi 

GliolOTia, 177 

QlobnLns, antiviral antibodies In rehtion to, 

mo 

scrum, nature of, 242 

molecular weight of, 243 
Cdoasary of terms employed in deernbtog 
bacteria, 364-372, 869 
Glycobpoid antigens, 2S0, iOOS 
Ooata, actinomycoeis of duo to aerobio 
jldinomycM, 1276 
Bwrnd infection of, 3677, 
contagious agalactia of. 945, 1967 
tuberculosis ui, 424, 429, 13<3 
Conoeoccln, 1459 

Gonococcus See gononheae 

Oonorrbffis J454-1469 See alia Newtna 
gtmeTrhceee 

cbemotberapj in prevention and treat 
ment of, 1459 
diagnosis oi^ 1450 
in adults 1451 
in children, 145S 

prevention and treatment of. 1139 
pyrolberapy In. 1400 


GonOTTbsa, reproduction of in man, 1456 
Gcfflotoxin, 549, 1450 
Gndocot membranes, 951, 955 
Omhetmella, 003, 003 
Oranucidin. 174 
Gmm s stain, 33 

ja MenttScatwn of ibactena, 353 
Granoles, Babes Tnut, 23 449 532 
Itoflingera 1402 
glycf^cn and starch, 33 
metachromatie, 23 532 
ifneb 407 
Paecben.OoO, 18S7 
vnlatin 23 

Gr/watobaeiUua butyricus See Che/ri^hum 
wAthu 

Grannlobarttr sacebarobutvneum See Cloe 
(ndiun tivlynevm 
Granuloma inguinale 1790 
Granuioma venereum 1790 
Groria type of C dtphO\er\ce Sea Coryne 
bacUnnm diphthenie 
GrtgOToSs Bseilius 0, 7Bl 
Group and spectCe pliucs of fiagellar (H) 
antigens, 27d 

Growth and death of bacteria, 80-99 
Growth curve of bactena 83 
decline phase, 83, 07-08 
Ug phase, 82. 83-8S 
logarithmic nha>>(t, 83, 88-04 
staiionaiy posse, 63, 94-07 
Growth of hactena 

effect of oxygen on, 05 
of pH on. 73 
of tempersluro on, 73 
without midlijdirotioa. 64, 3045 
Guaniien corpuscles, 1837 
Guinea pig. nennsi, antitoxin in blood of 2084 
Onine»-p^ anaphylactic shock in 1137 
epaootio hepsto-enteritu of lOCO 
epizootic lymphidcRitis of, 2495 
infeelious paralysis of, 1972 
memngo encephalitis of, 1025 
pncuaococcal pneumonia of, 1499 
peeudotubcrculosis of, 1040 
sativarj gland rtrus of 1913 
tubercukeis in, 423, 429, 1325 


U acglulinins in diagnosis of enteno fever, 
2S39-I540 

in relation to antityphoid inoculation, 
1537 

U atAigeeia, 371, 363 
H-«0 vonation, 291 
Uamun m hactcnal vitamin, 68 
UKtnobvteneila, 903 

Ilemolysins, 224 See Mao Antigen antibody 
reaetioos. Eor ^^emolylnt^a proJuted by 
ranove boelena tee under vacUnvPi la 
qsesfion 

Uwmolysins, natural, 10S9 
Ibemolyais, 193, 221, Set alto Antigen anti, 
body reartions 
hot cold typo, 610 

JlmmoIytiQ rtreptococcl i'e* Strepioeoeent, 
haemolytic gronp of 
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Flagella, bactcml, 30 

Flagellar antigens ^eeAntigemcstmetuieof 
bactena 

Flaming in diamfeetion, 113 

FlaTacui, 1"7 

Flavme, disinfection by, 135, 1776 
FlaToprofein, r6!e of in bartenal omlation. 50 
Fleas, m stiologj of plague, 16iS el ttq 

in relation to mnnne typbas ferer. ISIo 
Flexner 8 bacillus SieShijtlla 
Flies m relation to antbiaT, 1733 
to dysentery, lo63 
to entene fever, 1513 
to limbemeck of cbickens 18-i 
to summer diarrhcea, 15S6 
Fluorcscin, 505-510 
Foals pyxmia in 14W 
Food poisonmg, 1593-1612 Feeolso Botulism 
chemical. 1592 
diagnosis 1G03 

due to spny-dned egg 1595, IC03, 1601 
to THUS " preparatioiL’, 1C03 
epidemiology of. 1393 
general bactenolt^ of, lo93 
infection type of, 1596 
caused by e^, 1598, 1599 
caused fay lulk. 1603 3019 
node of infection of food to, 1603 
kumao earners, 1603 
infect^ animals, 1595-1600. 
1603. IC03 

rats and mice, 1600, 1603 
Saf/noneTTa Iwiea la. 1597 
lymptomtology of, 1593 
tvpe of food causing, 1601 
inrestigatiou of outbreaks of, 160S 
prophylaxis of. 1010 
toxin type oi. 1593, 1601 
doe to staphrlococei, IC05 
to rsnous organisms 1606 
Foot-and mouth disease, 1903-1907 £ce a/«7 
Chapter 53 

espcnmental reproduction of, 19(M 
inunumty in, 

mechanical fketors in relation to lesions of, 
1242 

relation of to vesicular exanthema of 
srme 190S 
Piig Impfvnj in, 1907 
virus of, 190 j 

Foot rot of sheep 4S1, 1787 
Forage potoning m horees, 880 1620 
Formaldehyde effect of cm bactena, 149 
iypersensitiveness to, IISo 
Formol toxoid in diphthena immumzatjon, 
1392 

m tetanus immunization, 1765 
Forssman antibody, anaphylactic shock in 
relation to, 1144 
antigen and antibodv. 1039 
antigen m bactena, 332 
FotIs, bacillary white diarrhceain clucks. 1SS3 
blue comb of, 1970 
botulism of 16^ 

Brucella infection 1719 
bumble foot of 1349 
cholera 1646 


Fowls, choleraic disease of^ 523 
corv z s ot, 1799 
infectious bronchitis of, 1070 
infections laryngo-tracheitis of. 1969 
lenexfflia of. 1978 
limbemeck in. 880, 1623 
Kewcaetle disea^ of, 1633, 1969 
paralysis oC 1976 

plague or pest of, 1963 Set alsi> Chapter 
So 

pox and roup ot 1S96. 1970 See also 
Chapter 55 

Rons sarcoma of, 1077 
Solmoiietla mfection of. 1599 
tubcrcclosis in, 423. 1343. 1343 
Foxes, encephalitis of. 1923 
Freezing effect of on bactena, 113 
Frei test, 1871 
Fretmdlich isotherm. 31S 
Frenndbch senes. Ifb 

Fnedlinder a baciUns. See Saeieniim, Fncd 
ISndrr gronp of 
Frogs, ted leg disease oC 647 
Fnmizacin, 177 
Fufnigatin, 177 
Fwai/oraiM, 477-484 

gronp charartensUca oC 477 
grow^ requiremenU o£ 478 
in infections of man. >497. 1498, 1786 
in mouth. 479 
/tcjtiu 477,483 
/urtotut, 477. 484 
futifomu, 477, 482 
mtlantKOjentnt, 361, 484 
mevnp\orvf 477, 479 

m calf diphthena. 431. 1787 
in foot rut of sheep, 481, 1787 
in human lofectuHis. 481, 17S6 
in labial necrosis of nhbita, 48 1 . 1 7^S 
ranwvl, 477. 483 
terpeng, 477, 483 

Gaertner's banllus See Salmonella ea/mtiJa 
Gall bladder, infection ol^ 1497, 1533 
Gall etimes, effect of m rromotins infection, 
1497 

Gamina globulin in measles propbvlaxis. 1953 
Gatd fever S't Typhus fever, classical 
Csinet method of standardizing dismfecianU, 

146 

Caa gangrene. 832. 835. 837, 1770-1783 
active unmonization against, 1777 
cb«notherapy of. 1776 
hvaforoaidaW in, 1773, f7T4 
in animals, 1773 
in mao, 1770 tt »e<i 
antisera to, 1775 

preparation and standardizatioa 
of. 1776 

bactenoli^ of, 1770 
disCTOsis of. 1774 
mode of development oC 1773 
prophylaxis and treatment of, 1775 
lecit hinaa e m. 1774 
reproduction of in animals. 1T72 
Goa ratio, in differentiation of cob wrogenes 
group, 661 eltej 
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Gtivnus dt-'infectAnfs, t49 

requirement* of bscten*. C9 
Ositro-ententis. iTee £ntcritu of infancy aiu2 

Caefric Juice, boctcircii]*) »rt!o» of, lOSi.l'fST 
0»*e, scplieaMmA of doe to Ttrp aiucrtnuM, 
l«t»S 

Cmfra, Imctenal. «umm»rucd deacnotiona ot 
318»323 

Generation Index. BO 
Generation time, 8J 

of ddlcmit oisamsms, ft2 
Genetic faitors ra anapliyUxia and typer 
BcnsiUmicaa US'J 
la immnxuty, 973 

to I’Oit'vrtUa and SafmonrHa, 974 
975. 12M 

to tubercle I>ardlmi, 075, 1298 
Genii*] trset, Jketors detertaining ootm»l Oon 
of. 1025, ISIO. 1998 
Genua. bftCterwil. 318 
Gcibilica, plapuein, 1637 
Gcrmaii tnculea, 1932 

Gereucidea,pra^ieaI«p{dtca((OROf 149 Stt 
aUrt Siemfectanta <i»d Dunnleetian 
Gianlia /amifki. ententia due to, 1S8S 
GiCTntienenl, 177 
• dinger ”par»ly«j«, 1692 
Oioddt, 750 
GtAnden, 140S-U15 
and farcy. 140S 
control of in boraoa, 14IS 
diagnosis of, 1411 
epidemiology of in animaU, UOS 
in man, 1411 

cxpenaeiital reproduction of in animab. 
488,491 

iffisiuoiiy in. 1414 
btent. 1409 
malleiateat m, 141S 
propbytasu of. 1414 
Ghmfutu lerer, ITVf 

Glifser’a baeiUos .St* SalmanfUa lyp^i ewM 
GliotOTiA, 177 

GlobuUns. aobriral antibodic* m relation to, 
1240 

Scrum, nature of. 243 

molecubrerejjtlit of, 343 
Gloasary of terms employed !n dreenUng 
bacteria, 504-373, 369 
Clycolipmd antigens, JSi), 1008 
Goats, actmomrcosia of due to aerobic 
Jdisomyets. 1276 

Grvctlla uiCeetion of, 1693. 1697, 4703 
eoutsgioas agaisetia of 9)5, 1967 
tubemdo.'is in, 424. 43J, 1513 
Gonococcin, 1459 

Gonococcus Sa *5 rissma gowrrheese 
Gonorrheea, 1454-1460 Sit aim AtuMM 
goiuvr/uta 

chemotherapy in prevention and treat 
meat of. 1459 
diagnosis of 1458 
ID adults, 1454 
ID ebJUren, 14S5 

prevention and trestmeut of, 1439 
pyro^rapy in, 14C0 


Gonotrbffia reproduction of m man, 1450 

Gonoto&in, S49, 1458 

Gradocol membranes, 951, 955 

GnOanfella, 903, 903 

Oxsmiiidis, 174 

Gram's stain, ^ 

in idefltification of bactena, 359 
Grannies Babes Trert, 23. 449, 532 
BoBingei », 1492 
glyct^wi snd starch 23 
metacbYnmatic, 23. 532 
Modi, 407 
Po«ben.059 1887 
Tolutin 23 

Grannlobac^os butyncus Stt Clostnitum 
vxlehu 

Gnnatobneter saechsrotuti'rKniQi Set Clot 
tndiaui biityncum 
Graoulaois rngum»li5 1 790 
Qrannloma venereun, 1700 
Cmia typo of C d»pjilSm<r See Corync 
bocterism dipklJienm 
Ongoroff's Ijseillus C , 764 
Croup and si^ifie phases of flagellar (H) 
antigen*. 278 

Gcmth and death of bacteria, 80-99 
Growth cuop of Uaelcns, 85 
decline phase, 83, 97-68 
lag pbaae, 82, $3-88 
logantlimic phaae, 82. 88-04 
sUtiofi4T> pnase, 83, 91 97 
CrowUi of hacterta 

effect of oxygen on, 96 
of pH on, 72 
of temperature on, 72 
without mwtiphfsticm, 84, 2015 
Gusmien oorpuseirs, 1837 
Games pg nonnshiolitoxuiii) blood of, 1034 
Guincw fogs, anaphyUetie shock in 1137 
epuootic bepalo^ententia of 1900 
ejncoulic lymphadenitis of. U9o 
iiifertitHia paralysis of, 1933 
iReni/}gi>^ncophA{;tis of, 1925 
poeUTOococral pneumonia of, 1499 
paeudotaUrcufoAis of. 1649 
eaJivary gland Tim* of 1943 
tabcmdceis in, 4^,429, 1325 


}l agglutiums in diazuo'U of enteric fiver, 
1529-1510 

in relation to antityphoid inoculation, 
1537 

U antigeua. 2TI, 2S3 
U-eO vanstion. 291 
UsQiin as bactenni ntamui, 63 
IfwmohartoKcfld, D03 ' 

Hemolysins, 221 fl’ee o/so Antigen antibody 
reactions por Aiemoiystna produced by 
ewnoas laelrna ttt under i^mwm «a 
fwesfion 

llxmolyslns, natural, 1089 
llsmoUsis, 191. 224 Su ofro -Antigen anti 
body reactions 
fco4-oci)<}Q7<^ 616 

llsmolytic sUeptoeocci Set fllreptococcus. 
bsemolj tie group of 
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UttmophSut 786-610 

antiseme relations ot 709 
bronebo poearaoaia in relation to, 1666 
cultural cbaractera of. "90 
cipenmental infections with. SOt-603 
fermentatiro reactions of, 796 
m Koch M ceks conjonctintis, 1496 
in endocarditis, 1515 
m wound infection. 1502 
morphology of 7S7 
ranation of. S05 

• 5roncAisep(icvs 494, 495. 787 <4 693 

causing pneumonia in animal^ I6S6 
in distemper, 1962 
relation to Perea a baciUua, 49o 
toxins of SOS 
earns 7SI 807 

ducreyi, 791 807 
ibjTbcji.* 7S6-S07 

antigeme slnietuTe of, 799 
hroncho-pnenmoma m relation to. 
1666 

fermentation reactions of 790 
CTowth requirements of. 790 
hxmdrtie strains of, 795 <4 607 

in menmmtis, 1450 
in nomuJ itasopharynz, 1993 
in aisuBtia, I4!n 
mucoid trp« of, 799 
pathogemcitv of. 802 
phases of. SOI 

role of ta epidetnie utfia*{ua, t6o6 
m swine infloesaa, 1661 
smooch trpe o^ 794 sef.. 7B9 
tumiaaruM descnption of, $06 
type of growth of, 794 
A and \ Caeton in relation to msrth 
of. 791 

injfsmzx-suis, 791 et srq , 607 
pant-iR^ueiiza' 791 <4 aej., 807 
paropertassis 801, S09 
pertussis 7S7, 791 eletq^ 600 
antigenic stmctriTe of, 800 

m relation to immantastKm 
against whooping cough. 1664 
in whooping cough, 16C& 
pathogcmcite ot, S02 
summanzed descnption oC 809 
toxins of, 802 

Hemorrhagic septicsemia. See PasteoreIIo*is 

Had. bacteria in, 2014 

Haptens. 2aS See unAer Antigens 

Haptophore group, 197 

Ttan mij-ami- 1S54 

RacerhiU feret 3»6. 1277. 1278 

Harerhillia mulufojmis, 1277 

Hay bacdlus See BociZ/ussuStifts 

Hay ferer, 1153 

Heart, congemtal malibnnations oi^ in relation 
to bacterial endocaniitis 1515 
Hesrt-water ferer 929, 1862 
Heat £e« also Temperature aad DisinfectioD 
eSect of on subsequent tnultiplicatioa of 
bactma, 116 

use of m obtaining pure cidturea, 354 
Hedgehogs, foot-and mouth rtrus in, 1903 
Helber cumber, 81 


^Irolieacid, 177 
Hepatitis, enzootic, 1959 
Hepatitis, lefectioos necroti'', 17S0 
Uepatitis, Infectice, 1793 

relation of to aemm and arsenic jaundice, 

1794-1796 

ncpsto.ententis of gumea pigs, 1960 

infection and herd immunity, 1345-1266 
Heredity of iminumty. 973 et teq 
in Inhereutosu, l^S 

d Hff^e's phenomenon. See Bacteriophage 
Herpes fcbniis, 1S97 See q2m Copter 5a 
eneephaLtia in, IS96 
keratitis in. 1897, 1899 
telatioQ of to B and ceeudo-tabies vinise*, 
1921 

to encephalitis lethargica, 1616 
Herpes gemtalis. J900 
Hei^ zoster. 1900 

fetation of rancella to 1901 
Heterologous, meaning of m relation to anti 
gen antibodj reactioni, 274 
HeterophiJc antigen and antibody, 10S9 
antigen in bacteria, 282 
Helcfotrophic bacteria, 61 
roo Hiblcra bacdlus IX. See Clat’rtJmm 
terttum 

Hiccwp, epidemic, 1915 
Hmchfelda bacOlBa, 731 Set ^oluioiicl^a 
parai\fp\i C 
HiMlest, I6»S.1969 
Hisa-V bacdlus. 6^ 

Histaminaae, retatioa of to asaphyUetie shock, 
1150 

niatatni&e, actica of on shin, 1149 

aBti<em to, lahlbition o( uaphyUctie 
•hock by, 1150 
as k-aUphyUclie agent, 1208 
prnduction of br lissuo, 1149 
shock. 1144 

anaphylactic and anaphylactoid 
sbo^ relation of to. 1149 
Histiocytes in relation to antibodr formation, 
1103-1106 

to local uamumty, 1185 
phagocytosis of bactena by, 1035 ft 
Histoncal outline of bacteriology, 1-15 
Hodgkin a disease, 19S1 
llofmano a banllua. Sea Coryaebadenan 
Uofmeister senes, 129 

ID relation to mhibiticai of agglutisation, 
214 

inactiTation of coraplemait, 230 
Hog eholna, 1963 

Homotogooa. meaning of in relaliaa to anti 
gen antibodr reactions, 274 
Hormones, relation of to immunity, 1210 
Hordes, actmomycoais due to aerobic Aettno- 
myets 1276 

Afncan sickDcss oC 1965 
botnomyecsis in, 1492 
botulism in. 880. 16'^) 

BnetJla infection of. 1718 
coatapous pustular stomatitis in, 1S9.> 
epizootic abortion oH 1008 
forafu poisoning in. 8S0, 1620 
grass disease or sii^ess of, 16''! 
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Horsee, infectioos aoieinla cf, 1837, 106& 
inEueoza m, 1662 
joint ill offoala, 676 

normal, dipbtbena anlitcam in blood of, 
1084 

Btaphjlococca! antitoxin in blood 
1084 

periodic ophtlialmia of, 1943 
etranglea of, 1496 
swamp fsTer of, 1966 
tetanoa of, 1767 
tuberculosis m, 427, 429, 1342 
uleeiatire lymphangitis ot 1403 
vesictilat stomatitis of, 1907 
Hot cold lysis, 616 
Hoyle’s medium, 451, 1374 
Humidity, effect of on resistance, 1203 
HyaloTCUudaeo fomstion, 591, 693 
in bactenal infections 1013 
produced by vanous bacteria, 1015 
protectiTB action «f, 1072 
Hyaluronie acid m bacterial capsuica, 1072 
in tissues, 1013 

Hydrocyamc acid, production of by Pt pyo- 
cyaTua, SIO 

Hydrogen peroxide, production of by bacteria. 


toziQ aotion of on bacteria, 72 
Hydrogen sulpbide, methods of examination 
for. 309 

Hydrin ion concentration, 72 See afro pH 
e»ct of on disinfection, 114, US 
ilydrogenomenae fiava, SC5 
fanMmhd, 66S 
mfrut, 605 

Bydrogss transport in bacterial metabolistn, 

47 

Hydropbile state in Klation to antigen 
sntibody reactions 209 
Hydrophobe state in relation to antigen 
antibody reactions 209 
Hyperemeaia hiemis, 1798 
BypersenaitiTenesa, 1152-1160. Su ateo 
Allergy and Anaphylaxis 
sctiTe and psssire sensitization in man, 
1153 

bacterial, 1162 

desensitization in, 1162-1164 
idation of, to immunity, 1163 
reaction of, udubitioa by blbcVing 
antibody. 1169 
desensitization in. 1160 
genetic factors m, 1159 
Prausmtz Hustner reaction in, 1156 


IJTJ agent, 1875 
Ice, bacteria, in, 2014 
lee-cream, 1642. 1565, 1604, 2049 
Icbtbyosismua See Botulism 
Ictero luemogiobmuria of cattle, 1621 
IdentiScation of bactena 357-363 
Idiosyncrasrw the, 1153 
Immunity See also Antibodies, Antigens, 
Antigen antibody reactions and under 
tndirtdiuil disease* 
acquired, 976 
F3 


Immunity, active, 073 

in experimental epidemics, 1232-1260 
induction of by particular antigens, 
1035 

alcohol, effect of on 1209 

alletgy la relation to, 1160, 1330-1330 

aotibactenal, 1034-1065 

antibodies, relation of to 1051 
different, relation of to, 1054 
antigenic specificity of, 1054 
antipneumococcal in rabbit, 1037, 
2047 

synthetic antigens m mdnction 
of. 1054 

bactencidBl and bacteriolytic re- 
actions in rdation to, 1046 
efficacy of 1057 
histiocytes in relation to, 1033 
leucocytes in relation to, 1036 
macrophages in relation to, 1034 
microphages in relation to, 1039 
natural acquirement of 1062 
passiTS transference of 1043 
reactions of immumzed as compared 
with normal animals m, 1047 
reticulo endothelial system in rela 
tion to, 1034 6<«S4 
antitoxic, 1029-1033 
antitoxin in 1030 
avidity of, 1030 

time of adnuoistration, im 
portanca ot, 1031 
endotoxins, relation of to, 1032 
lo relation Comrosieszofeottofts 1031 
antiviral, active, 1229 

c^ular and humoral factore in, 1334 
mechamams of, 1233 
pateive, 1231 

bacteriophage m relation to, 1215 
benzene, effect of on, 1209 
calciom as kataphylactic agent in relation 
to. 1206 
c^ular, 1053 

in relation to local, 1187 
coDgeiutah 973, 1077 

placenta, relation of to, 1077 
diet, effect of on 1190-1202 
enhancement of by non specific sub 
stances 1214 
iattgue, effect of on, 1303 
genetic, 973, 1078, 1079, 1293 
genetic factors in, 1254 

ID experimental epidemics, 1254 
grades ofi 976 
held. 1245-1266 
hormones effect of on, 1310 
humidity, effect of on, 1203 
inanition, effect of on, 1201 
infection, existing as result of, 1165 
infection , 1165-1166 Bee also lafectiou 
immunity 
uinate, 973 
loca), 1189-1283 

non epecifio factore in, 1185 
measurement of, 931-994 

statistical methods, use of in, 083- 
1001 
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Imiannity, niMhA&isms tluit l^tnrl^ acccsi of 
bocUns to tusnia, 101&-1CI27 
eS’tct of A-anUsusciEU ob. 1191 
OOD Fpecific factors la, llTS-ltTS 
partial, 977 
passiTC, 973 

in relation to antibacterial umnonitT, 
IMS 

to antitoxic imm uruty, 10^ 
pwiiiiTlin, relation of to, l&l 
persiatenee of antigen in bodjr m rdatioa 
to, 1129 

relation of to anaj&jlazia, 1146 
response to ffiTHnig as test o& 1203 
seaacEial rariations in, 1205 
Sbvartxman jbenomnnn, relation of to. 
1177 

etarration, effect of cBi, 1193, 1301 
enlpbonainide drugs, r^boa of to. 1211 
teraperatnre, external, effect of m, 1202 
tissue, in relation to local. 11S7 
ultra Tiolet rajs, effect of on, 1201 
Tanons types of, 971-978 
Tims diseases, m relation to, 1225-1242 
TttiBina, eEeri et ea, fiS0-tiS9 
Icunsmution, actiTe, 1257, Set olso aadcr 
tadindBol dkMMea 
in expe rt tueut al epidemic 1357 
relation of diffemt antigena to. I0o5 
r— feoamfectioB, 1062 
combated acOre and pasre. 1117, 1101 
ofmeent rated. 1115 

natural, m expenmeatal e^emice. 1354 
sid^to-ade inoculation m. 1831 
IrapacticB panljeia of cattle, 1621 
Impetigo eonugusa, 1493 
Impreued xanationa la baetena, 290. 291 
laimitiou, effect of on resistance, 1201 
InelssMD bleonoirbcea, 15$0 
Inclusion bod,es. 953, 122S. £>< «l*oB<^!inger 
BwloaioB bodies, Borrel bodies, Guatziisi 
corpuscles oad Faa^m grannies 
Indicator media, use of m obtaining pare 
cultures, 356 

Indole, metbods of exammatica fc>r. 367 
Infantile panlraia See Fo!iOii]jd,lis 
Infanta, ententis of See Untentis of Infancy- 
Infection, bartenal, 1002 <i teq 

by tbe montb, expenmeotal. 104a 
ceQnlar reaebasa m, 1007 
rascbanisma 1003-1016 
mecliaiiisina that hisdtf acce9 of 
bacteria to tiMues. 1019-1CC7 
of wounds. 1500-1503 
sequence of unmtmolt^cal ereste is. 
1062 

herd. 124S-1S67 

latent, herd infection la relation to, 1246 
Ijifacbta TTTimiTnit y, 1165, 1813 
Infecbn^, bacterial, relation of to Timlsicr, 
1260 

Influenza, 1635-1662 

actire immunrzation against, 1659 
antmral sera m. 1660 
KtfjTTnt See •ajfaensx 

diagnosis o^ 1C59 
Hirst test in, 16oS 


TnfloeaEa a ferret, I^, 16;». 1660 

in aame and other animals, 1661-1W2 
reiatioa of human to enae nruf m, 1536 
1657 . 

tjf B. inftnax ta, 1656 
TiTOotl6o&-1659 
Influmral meniazita, 1450 
Insect TBrtota of infection. See axier Fleai, 
Thee, I^oe, Mosquitoes, lai ladindul 
dvmaea 

Interferajce pienomesioa, 1236 
/ar<rTaed>ajtypeoft7 dipirienf SeeCorywe- 
biseiertvm dtpiifierue 
of i»]j,j9t>gtD£s, C63, 2024 
Intestinal bacteria 
as food^tuSs. 1991 
•fcstraction of ntamms by, l'*92 
»ffe- t of euJphoftarmdes on. 1F*1 
■Trrthesxs of citamms ty, 1991 
Intesbsa] obftrartia9,eloetndial mfactiou n. 
1777 

Inteetmal tosxmia, 1990 
tntertmea, bactcnndal rneAinwaa in, 1021 , 
192s 

icporfaaer of mem-or^satisseee, 
local unmusity o£ 1163 
normal fiora of, 19 n 6-1993 
InTolutitm fores of bartena, 33 
InudiaLos;, eSert of on re*istaa«v 1203 
uwcgTati^mi. 1C&9 

Isdiauoa, effect of os inadsseo of mf'etin 
disease, 1*^ 

laolyBas. J0S9 

Jaegw’f et^caa, 631, 632; 6S3 
*Jah»*'pan}yu 1592 
JapaBeae,urB cntophalitia, 1917 
Japanwc HiTtclcTTr. 1519 
Jaomijw. amenic. 1795 
catanha], 1791 
Tpai'mic, 1793 
•afeebre, 1793 
leptospoal m 1S37 

lA man, 1S3S-1$37 

s aimi . I7P1 

Joeet Degea corpnsdea, 1922 
Jnhn-’a hacilla*. SeejlyetAaeteneBijainet 
Johne a dueate, 441, 1363 
^cter-ology oJ; 441 
jnhmn reaction in. 1365 
tubercuha reactioa in, 1365 
Johnm, 13S5 

Joint ill in foals, badDns asooated with. 676 
m lambs, 1294 
atreptijcoecal, of lamba, 14'^ 

Joinis, pyogeoJe inf»ctnai o£ 1496. Sa el*} 

arS.liwrT, 

Jones and HaadJer’s medium far mHbstmg 
Srteme.i^ 

K . H . reactiou m diagnosis of glanders. 1414 
Kahn test. 1S19 

inteipeetatics of, 1S20 <4 ttq 
Kataphylatis. 1306, 1750. 1773 
Kauffmaun Vfhite schema, 712-716 
Kednt, 1919 

Ked disease of dnt^ 1599 
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Ktjir, 750 
Kenya fever, 184S 
Keralitia berpctiea, 1899 
Keratoconjunctmtis, epidemic, 1903 
Kidney, pulpy disease of lamfe, 1783 
pyogenic infections of, 1499 
Kiknyu, diet and resistance of, 1200 
Kuiilo vaiko, 750, 783, 781 
irf<5siejl/a, 654, 655 
Koch, 0 <1 teq 

Koch’s phenomenon as example of allergy 
1161,1326 

Eoch’e postulates, 1002 
Koch Weeka hacillas, 791 el leq , 807 
In conjunctivitis, 1496 
Kupffcr cells, phagot^ie action of, 1033 et 

LDoO dose of letlial substances, (^3 
IS and Lr dose of toxin, 1334 
1,0 and 1, 4- dose of toxin, 239, 1334 
Labial necrosis of rabbits, 431, 1733 
Labors toiy infections 
in cboUra, 1420 
in dysentery, 1671 
inclandera, 1411 
ui lonpiog ill, 1925 

in lympbeoytiQ chonomenmgitis, 1933 
iQ psittacosis, 1872 
m scarlet fever, 1464 
IB tularismia, 1721 
in typhus fever, 9S8, 1849 
la nndulant fever, 1701, 1702 
Locli/ortnafis, 756 
LaetobaeiHu*. 780-76S 

SBtigeaic structure of, 754 
biocoemtcal reactions of. 753 
classification of. 755 
metabobsm of, 762 

methods of isolation of from natuml 
sources, 762 
patbogemci^ 754 
resistance of, 762 

tictdophil t/Togtnu, 753, 758, 761 Ste 
atto L brivis 

ociifopAdus, 750 el teq , 767, 1937, 1991, 
1996 

Jeroftnrnsis, 756 

bi/ufus, 750 e< eeq ■ 782, 763, 1037 
fcreiM, 756. 768, 761 
buehneri, 756 

buJgancui, 750 el teq , 763, 1990 
easel, 766, 757 
eaiieasievs, 750, 757, 763 
eiifi*, 7S0. 757, 7C4 
fermenit, 756 

odonlofyltcus I and //, 753 et $eq , 760, 761 
paslortanve, 756 

pentooceticus, 753 Set aUo L brtvt* 
pJaniarum, 757 
vKhmen, 756 
Lag phase of growth. 83 
l,abes, bacteria in, 2015 
Lanil» See Sheep 
Lamziekte, 880, 1621 
lAiyngo tracheitis of fowls, 1009 
Latent infection Set under tndtvtdual 
dnease^ 


Latent infection, in relation to herd infection, 
1246 

lattice hypothesis of antigen antibody re 
actions, 203, 220 
LebatevS, 750 

LecithiaaSB m bacterial infection, 867, 1774 
Leonwenhoek, van, 2 

Leifsoa's desoxychoiate Citrate medium, 1528 
sodium selenite medium, 1623 
Lemming fever, 1721 
lemon’s formula, 60 
I<epronun, 1361 
Lepro^, 1353<1363 

ba^us £es ili/eobaelenam teprm 
bacteriology of, 434-^0 
due to rat leprosy bacillus, 1359 
m rata See Rata 
Wassermann reaction in, 1360 
Ltplosptra, DOS et teg , 9I9~024 
in water, 1629-1831 
infections due to, 1828-1833 
tabulated diseases due to, 1835 
diliyami, 923, 1834, 1836 
Andaman A and B types, 924, 1834, 1836 
australis A and B, 923, 1836 
aufnmnolis 923, 1834 1836 
botamm, 923, 1834 
btfiexo, 021. 924. 1831 
eanieola, 924, 1837 
gTtppo-iyphetta, 923, 1836 
bebiomadit. 925, 1830 
tetertihxynorrliaqiee, Oil, 912, 019 
IQ canine jaundice, 1837 
in infection of rats, 1830 
in Weil’s disease, 1828 
ytMittco, 924 
mate, 923 
Ofyteli, 924 
poCTOMo, 923, 1837 
Rarbmst type, 923, 1834 
Salinem type. 923, 1834 
tejive, 924, 1836 

Swart van Tienen type, 023. 1834 
Leuaemia of fowls, 1 976 
Leucomdin, pneumococcal, 693 
staphylococcal, 616 
streptococcal, 690 

Leucocytra, in reUtion to immnmty, 1036 
killing of bacteria by without phagocy 
t<Mia, 1176 

m antiviral immunity, 1233 
rOle of in tmmumty, 1171 
vanaticm in pbagocytio power of, 1174 
Leuconostoc edrovorvs, 638 
deztraaicus, 628 
mssentcnoides, 627 
Leukins, 1173 
Leukotaxine, 1044 

Levinthals medium for growth of f/ »" 
flutnzee, 793 

Lice m relation to epidemic typhus fever, 1841- 
1844 

to infectious ansmia of rats 1793 
to relapsing fever, 1 805 
to trench fever, 1831 
Life cycle of bacteria, 34, 87 
Idgbt, effect of on bacteria. 193 
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Limbernfck u chickens, 6S0, 1623 
Lindner a nuttal hodiee m tnchoms I STS 

astigena 

laquid air, eSect of on bactena, 112 
Li^r, II 

Lulerdla, 39>-103, 401. ^ee Erytij>t}olhnx 
nonoeytogeneM 

Luter a method of coimtmg bacteria, 81 
Litmus miPc, changes produced bj bacteria m, 
367 

IsTcr flukes in causation of black disease. 


1781 

Local anaphTlactie reactions, llSl 
Local formation of antibodies, 1101 
Local iminoTuty, 1180*1183. Ste a/so In 
momty, local 

Localization of bacteria, lOOo, 1015 

Loewcnberga bacilliu, 401, 6fi7, 17S9 

Loganthirnc phase ofgroath, S3, 80-04 

Lcwihnz of aheep, 1016 

Lone Star ferer 1846 

Looping ill, 1925 

LoWk catastrophe, 1300 1341 

Lnkea, canine typhus oL 1&37 

Longa reUtiTO sterility of normal, 1021 

Lygranom, 1871 

Lymph eapiUanee, permeability to foreign 
natter of. 1012 

Lymph glands. Ste Lympti nodes 
Lymph nodes, fate of Mcteru ui, 1043 
rate of nrusea in, 1015 
filterug action of 1043 
fonnatioB of antibodies lo, 1 101 
Lymphademtis, epizootie. of guinea pigs, 1495 
atreptococ^, of dogs, 1496 
Lyaphadenoms, 1931 
Lymphatic bloe^e 1014 
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system, arailability of antibody u 
Lymphocytio chonomenmgitia, 1932 
Lymphogranuloma ingoinale. 1869 
Lymphopsthia Tcneienm, IS69 
Lysis Su Bactenolyais, Hsmolyais and Bsc 
tenophage 

Lysozyme, 1020, 1022, 1175 
in tears, 1025 
m tissues 199S 


MacConkey’s mediom u coltures from enteric 
ferer, 1527 

m water analyais, 2023 
hIcLeod 8 medium. 451, 1374 
UscTophages, 1035 Ste ofeo Histiocytes 
Had Itch, 1941 
hladoru disease, 1275 
Malignant catarrh of cattle, 1966 
cedema 1778 
pnstnle, 1733 
Mallein test, 1412 

ilalta fever, 1603-1697 Su also TTndalant 
fever, due to Br mtlileTists 
Maltase in eerom, 367, 534 
Mandiester bacillna Su Shxgdla neuvasUe 
Uarfeml, 158, 167 

Marseille, exanthematic fever ot, 1S48 
Masai, diet and resistance o^ 1200 


Mass law, m anti^ antibody reactions, 219 
in enzyme adaptation, 2^ 

Mawygaki vihno, 526 

hlassol s bacillas Stt tKKkbacxltvs btlganets 
Mastitis, SDppnrative in nursing motbera, 1192 
Mastitis in cattle, 1493 

C pysymes associati^ ^tb. 1191 
staphylococa associated with, 1493, 1191 
streptococci associated with, 581, 1493, 
1494 
Jforun, 750 

U concentration of living organisms in cultoie, 
01 

Steaslea, 1919-1953 Sit aI*o Chapter 55 
latent infection in, 1226 
prophylaxis oC 19o<)-!9a2 
reprodnction of m animals, 1919 
tfeconiDffl, bacteria in, 19S9 
Media indicator, nse of obtainmg pore 
cnltorea, 356 

selective, use of in obtaining poro culture, 
355 

solid, mliodaction of by Koch, 10 
hfediierranesn ferrr 5«Lndnlantf*vw 
5(eboidoBis, 14)5 

Mehim reaction in discnoaia ofimdulanlfew, 
1705 

Membrane, cytopIasniiCi <’f hsctenal cell, 27 
Meningitis, 1431-1451 

acote, lymphocytic type ot, 1932 
aseptic, 1933 

cerebroepisal. 1431-1449 SttelMytu*’ 
trta menisTitidM 
esmer epidemic in. 1434 
remar rate in, 1434, 1442 

effect of ovrrcrowdisg on, 1434- 
1436 

chemoprophylaxis in, 1443 
chemotherapy U) 1448 
disgsceis of, 1155 

by czamiDStioa ol peteduil skin 

leeuma, 1411 

epidemiology oL 1432-1433 
mode of spread oL 1133 
prophylau oL 1441 
rhinopharyngitis in, 1434 
rootos of infection m, 1436 

direct eiteflsion from nose 1436 
hematogenous, 1137 
Bcruia treatment of, 1441-1418 
vaconation in, 1444 
mfloenzal, 1150 
in Weds disease, 1839, 1837 
pneomococcal, 1149 
streptococcal, 1419 
tabercaloas, 1290, 1449 
uncommon forms oL 1451 
Maungococena- Su 5 nssena fneniityiitdie 
Meningo-eocephaliha of rabbits, 1916, 1924 
Menmgo-pneoffiomtia viros, 1876 
Metabtdie propertm of bacteria, 360. 367 
Metabolism of bacteria, 42-74 
mechamsms of, 46 et atg 
Metachromatio granoles, S3, 419, 532 
Mataihe salts, effect of in antibody formation 

1115^1122 

Metals, effect of on bacteria, 120*130 
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Ilrlhanomotios tmihantca, 605 
llothods of esaminatioa of bacteria, 36t-369 
ilethyl ml teat, 363, C63 
itethyJcno blue, use of in study of oxidation* 
reduction reactions 60 

Methylene blue redaction, methoda of esamina 
tion for, 360 

test in examination of milk, 2015 
Mexican typhus, 1841, 1315 
^Iice, anaphylaxis in, 1139 
chonomeningitLj in, 1933 
ectrOBjeha of, JS7S, 3900 

m expciunental epidormss, 1253- 
1264 

epidemic in, due to FasieuTella like 
organism, 719 
field See Field mice 
in relation to food poisoning, 1600 
infectious catarrh of, 1799 
infectire arthnUs of, 386, 1278 
infiuenza of, 1799 
pasteurellosis of, 777, 1264 
plague 10, 1637^ 
pseudotubercnlosis of, 461, 1619 
tuherculoais ui, ^6 429 
typhoid in Set iloQse typhoid 
Uiehaeiaa acid agglutination test, 692 
MicroMCeus, 633-625 
«rc9tnit», 635 
o^ifis. 637 
oteoformaM, 1492 
fiureelif, 623 
coreoIy(tcii«, 624 
ostarrbalis See 2>«>M*rKi 
conylcmtralue, 623 
eonnatue, 624 
fiainii, 6^ 

/rnkfcarocAu, 624 
ginjitxilis, 62a 
luleug 633 

mehtensis See Srueella 
minimus, 625 

pharyngis cmereus See A'ewsena 
pharyngis flaTus, i, ii and lu. See 
Ne>eeena 

pharyngis sicchs See ^(Utena 

ptodigiosus. See ChroTnobacferium 

Todiatue, 624 

letrageMte, 607, 6S4 

ure«. 624 

I’arians, 623 

Slicrophages, 1039 See also Polymotpho 
nuclear leucocyte* 

SliCTorrtonoepora. 3SS 
hlicroscopy, electron, 18 

in study of filtrable Tiroscs. 95S 
limitations 18 95l-9a3 
Midland cattle disease, 1621 
Mid piece of complement 229 
Milk, bacteml flora of, 2036-2039 

pathogenic bacteria in, 2038 
wdcftTiomyces mum 1278 
anthrax bacilli, 1735 
Sntee/lao6oriue, 1700, l713,^OS 
Bnieella mehtenne, 1695, 1697 , 
1707, 1711 

DruuUatuu, 1702, 1711 


hlilkv bacteria) flora of, pathogenio bacteria 
IB, Corynehaeierium diphtheria, 1390, 2039 
foot and mouth vims, lOOo 
SUjphylocoecue aureus, 1494, 1603, 
S039 

atreptococci, 1471, 1494, 2039 
tubercle bacilli, 1317, 1344, 2033 
baetenotogical grading of, 2041-2049 
desnUneas, safety, kcepmg quality and 
posteuiizability of, 2039 
designations of, 204S 
diaraaea borne 1^, 2049 See also in 
dividual diseases 

diarrhcEa and dysenteiy, 1565, 158S, 
1590,2049 20o0 
rfiphtfiena, 1390, 2049. 20j0 
enteno fever, 1642, 2049, 2050 
food poisoning 1602, 1605, 2039 
Haverhill fever 1278 
poliomyelitis, 1927 
rat bito fever, 1278 
scarlet fever and other streptococcal 
infectione, 1471 2039, 2W9, 2050 
tonsiUitu, 1478, 2049. 2050 
tubercnlwis, 1289 1317, 1356 2049 
nsdolant fever, 1695, 1697, 1700, 2049 
dried, as dietary factor m refation to 
ijBmmuty, 1200 
foot and mouth wus in, 1905 
grades of 

accredited, tubercntm tasted poa 
tenrued, heat treated, S047 3(H9 
etenhted, 20o3 

btmus, changes produced by baetena in, 
367 

pasteuruatiOD of, 1318, 1310, 1330, 1588, 
2048. 2051 

production of clean sulk 2037 
of safe milV , 2050-20o3 
hblk borne disease See Milk diseases borne 
by 

“Muuatore ’ scarlet fever, 1465 
tlinerai salts, posaibla eSect of oa resistance, 
1201 

vatciB, bactena in, 2015 
Uinimai Hsmolytic Dose pi H D ] of complo- 
meat, 227 
ofhamolysin 227 

Uinunal Dethal Dose (hLL D ) ol toxin, 23S 
of diphtheria toxin, 1384 
UiaceBaneons bactena, group of, 898-905 
Min t bnciilus See Hyeobacterium elercone 
tfite fever, 936. 1849 

Jltlu typo of C diphiierta See Coryne&ae 
tenum diphlieriet 
Uitogenelio rays, 93 
MoeUera grass bacilli i and u, 404 
Moloney reaction, 1393, 1396 
gl^oscum contagioBum, 1978 
Mongoose in relation to rabies, 1036 

toviTuspneuroonia 1876 

Moogooas vims, 1876 
Mr^eys, anaphylaxis la, 1139 

ezpentaeat^ pneozaococco) pneumonia ot 
1668 

foUicular conjunctivitis oC 1878 
tuberculosis in, 427, 429, 1343 
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UoDOffioIeinil&r rcaetioa, eimilantj of dism 
fectioa to, 137-140 

Uononodeosis, infectious of man, 1"91 
of rabbits, 1250 
Horax Axenfdd bacilliiH, 593 
Mormtlla, 590 

Morgan a bacillns. Stt Frolevs tnoiyam 
Morphology of bactena, 16-39 
m identification, 3oS 
ranatjona ra, 290 
Momne, 1414 
Moscow typhus 1545 

Slcsquitoea in s p re a d of dengue fever, 1&>S 
of yellow fever, 1953 

Motilitv use of in obtaining pnre cnltom. 
333 

Mould products, miscellaneous, 179 
Mouse pncnmoma tots, 1576 
Mouse septicatma backus of, 39o, 1286 
Mouse typhoid, expemnenUd epidemics oC 
12o3 ft Kq 

Mouth, removal of bacteria from, 1020 
Much granules 407 

Macm, effect of on baclenal infeelioo. 1209 
Mucus, role of in removal of bactena, }022 
Mud fever Su Swamp fever 
Mullers tetratbiouate medium, 1S23 
Mumps 1932 

Mutation, bacterial. 29o £« aUo Vanation of 
bactena 

Myalgia, epidesuc. 1960 
Mycetoma, 3S7 £ce alto Madura disease 
iff/tobaelmum 4<>t-442 
acid tut bacteria, 404 
antigeuc structure oC 432 
avun types ct, 401 
biochemical teactiona oL 422 
chemical stmctnie o& 409 
elassificstion of^ 431 
cold blooded types of, 404 
cultural reactions o^ 411 
habitat 405 

mammalian types of, 404, 431 
metabolism of, 419 
morpholep of 40o 
o' voles Sea Ilycohactenum rttent 
optimum hydrogen ion concmtntion for 
growth of, 419 

optimum tempeiatore for growth of 420 

oxygen requirements of, 420 

pathogenicity ofi 423 

resistance of; 417 

rough and smooth forms of; 416 

saprophytic types 404, 414 

stainmg ot, 40o 

tabulated ceactioua oC 435-437 
toxm production by, 422 
vanation of; 415 
Inili/nevm, 404 
yoi^nei 404,441 
lepra;, 404 434 

mvTU, 40O-406, 411, 413. 420, 423-429, 
432 435-437 
of rat leprosy, 404, 440 
phlet I ahd u, 404 
amegmalts, 40o 
etenons 405 


3fgcoiadernim lahemJoate 401 rf 433 
aberrant types of, 431 
attenuated types oC 431 
' avun and cold blood'd types oC 
cultural differentuboa of, 414 
bovine type of; 404 
cellulai reactn^ to products of, 410, 
chemica] structure of, 409 
differential characteristics of, tabu 
latcd, 432 433-437 
dvigonic type of; 412, 431 
effect of ghnenne on growth of; 420 
eugomc typo of, 41% 431 
filtrable foenu of, 4C^ 
human sod avun types, differentia- 
turn of; ly pothogemaQ-, 430 
culturally, 413 
«cn>tegicaSy, 422 

human and bovme tvpes oC differen 
tution oC by psthogeuatv, 
430 

culturally. 412, 420 
human tvpo of, 404 
in suppurative Ie«iaus of the nnnary 
tract 1500 

bsiona caused by dead bacilli. 431 
mtniroal lofccUng dcee of for gumea 

S I, 423 

granules of. 407 

monne tvpe o^diffcrrabstios of, 413, 
433-437 

pathogeiusty oC 42042$ 
pigment formation Ly, 413, 414, 421 
nmmamed description tU 433 
supposed bfe-cycle o4 40S 
lalrrcolin fonnatitm by, 410, 1327 
^cran type of disease cataed by, 426 
Myelitis, doe to 11 vmu. 1921 
doc to bcipee vinu, 1921 
due to rabies riros, 1921, 1935 
Mykoh 407 

Uyostis. clogtndial, 1771 Set Gsi gangrene 
Myxomatom} infectious, of rabbits, 197S 


Nairobi disease of sheep and goats, 1967 
Nanuhayami, 1834 

Nasal mucosa, effect of temperatuiT and 
humidity on 1203 
Narit vibno, 516, 526 
Nasofhaiynx, normal flora of; 1992 ei to] 
Nastm in treatment of leprosy, 1361 
Native populations, Schi^ and Ihek reactions 
anums, 1086-1032 
tabercnlosis in, 1296 

Natural antibodies Stt Antibodies, natural 
Neapolitan f've* Stt Undulant fever due to 
Br mditmevt 
Necxobacillo'u. 17$6 
to animals, 1737 
in man. 1756 1783 
Necrosn, 1044 ' 

Kecroas banllas, 479 See alto Ftetformu 
nterophorve 
NeetotubercnlcMis 431 

Negative phase m antibody prodncticsi. 1116 
Negn corpuscles, 1^7 
Nedl • medium, 451, 1374 
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Xettserxa, SStSSS 

antigenio structure of, 535, 538, 615 
biochemical reactions of, 531 
maltaso m scrum, 531 
chemical &actioaatiou of, 635, 539. 5l7 
classification of, 536 
growth requirements of, 532 
pathogemcity of, 635, 639 618 
pigment formation by, 531, 536, 556 
resistance of, 631 
tabulated reactions of, 634, 555 
>anation in, 634, 636, 537. 544 
cdtarr^afis, 531 tl atj , 551 
Jlareictni, 631, 656 
gonorrhotx, 531 el eeq , £43-560 

difierentiation of fcomlf.fnemn^tutis, 
550 

disease caused by, 1454-1460 
in suppurative lesions of the uniiaTy 
tract, 1500 

media far cultivation of, 543 
toxm production by, 549 
menin^iMts, 631 e< »eq , 537-543 
autolyam of, 533 

differentiation of from N nononhcese, 
550 

disease cau«cd by, 1431-1449 
toxm production by. 611 
pharifogM, 635, 537, 553 
fharyngx* eineres, 631, 5o3 
pAaiyni^is.^ui'ai, tt and tit, 631 c(«cf ,663 
pharwgu eieca, 531 el eeq , 553 
Keisser Weehsberg phenomenon, 228 
Neonatal diarrhcea, 1S83 
Keweastle bacillus, 690 Ste Shigtll* 
Newcastle disease of fowls, 1658, 1969 
Niacin iS«e Nicotimc acid 
Nicotinic acid as bacterial vitamin, 67, 163 
Nicotinanude, 165 

Nitrate reduction, methoth of examination for. 

Nitrates, effect of on anaerobic gron Ih, 54 
A ilrc^ettr, 604 

ttiao^nrdsl^r, 504 
Nitrogen fixing bacteria, 497 
Nitrogenous constituents of bacteria. 43 
metabolism of bacteria, 53 
Nifrojococcus arntneawit, 603 
XxlTOsomonai, 603 504 
evropcea, 603 
Nocardxa, 374, 393 
Nocard sbaciUus, 1S73 
Noma, 1810 

Nomenclature of bacteria, 310-323 

Normal curve, 985 

Norma] flora of body, 1984-1999 

ahmentary tract, 1986-1992, See aim 
Intestines 

factors affectmg, 1988 
blood and internal organs, 1993 
conjunctiva, 1993 
factors affectmg, 1931-1985 
month, 19S6 

respiratory tract. 1992-1995 

persistence of species m, 1995 
akin, 1907 

tecbiuque of esamination, 1984 


Normal flora of body, tonsils, 1993 
urethra, 1997 
vagma and vulva, 1995 
Nose, arrest of bacteria in, 1023 
normal flora of, 1993 el seg 
Kotatin. 178 

Naekar apparatus of bacteria 19 
as genetical postulate, 289 
Nvcletc acid, effect of on antibody formation, 
1123 

Nndein, mercaas of opsomc power following 
injeebon of, 117o 

Null hyivothesia, in statistical reasonmg, 1000 
Natnticnal requirements of bacteria, 61 
and essential nutnects, 63 
and evolutionary scries, 62 
and growth stimulants, 63 
as basis of classification 312 


Oagglotimss in diagnosis of entenc fever, 
1529-1540 

in relation to antityphoid inocuhition, 
1537 

O anb^Ds, 377, 383 
Ohara’s ducase flee Tulariemia 
Oils, animal, effect of on bacteru 137 
esseotial, effect of on bacteria 136 
Omentum. rcOeofinpentoncalmfecboiis, 1540 
Oosporosis, 1275 

Opacity of a bacterial suspension, factors 
deternuning. 61, 85 
Opblhalmia neoDstonim 1456 U60 
^htbahnia. pcnodic, of horses, 1943 
Opsonms. 194, 335 flee al/o Antigen anti 
body reactioiiB 

increase of, induced by mjection of 
nuclein 1176 
non specific, 235, 237 

Optimal antigen antibody ratio in sgglutma 
tion, 312 

in preapitm reaction, 201 tl sej 

With constant antibody 202, 201 
with constant antigen 202 201 
n-Iation of to chemical equivalence, 201 
of constant-antigen ratio to constant 
antibody ratio, 203, 209 
Optimal proporbons in aggiutmation, 213 
in comptement fixation, 233 
in precipitation, 201 

Oral eepsia in relation to endocarditis. ISIS 
Organic acids as disinfectants, 119 

03 substrates for fermentabon tests, 700 
Omithoeis, 1871 
Oroya fevw, 003, 1796 
Osmotic effect of salts on bacteno, 127 
Osteomyehtis, 1196, 1505 
Osteopbagia, 1621 
Otitia media in rats, 1199 
Owls, yirua disease of, 1971 
OxaUtea in metabolism of P/ jciilmon, 493 
Oxsdatea, production of by P/ tiAUmort, 492- 
493 

Oxidase, bacterial, 48 

Oxidation redaction potential, mcosurement 
of, 60 

reactions m bacterial metabolism. 60, 71 
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Oiygcn, effect of on growth df bartena, % 
on survival of loctena, 2017 
vanation in requirement of, by haefena, 
360 

OsTgen lach, effect of on antibody formation, 
1122 

Oysters, 2031 
Oziena, 494, ITSS 

Abel Loewenberg bacillus in, C67 tt tfg 
baciUnS of Peres in 4*^4 
Ozone, effect of on bacteria, 149 


Pahvant Palley fever Sit Tularstmia 
Pantothenic acid as bacterial vitamin, 07, 1 (t4 
Paatoyltannne 164 

FapiUomatOsia of rabbits, infections, 19:>0 
oral, 19S0 

Paracholer* vibnoa, 520 
Para-aminohenzene solphonamide Stt Sol 

phanilanllde 

Para ammobenzoic acid, as bacterial ntamin. 
162 

aa antagonizer of sulphonaaide eom 
pounds, 161 

Paracolon baciffi, 670 715 

Saltnexdla antigens is, 715, 744 
Vj antigen in 716,744 
Para inffuenaa bacilli, T91 «< 4cj 
Paralyau, bnlbar due to pseudorabiea nnis, 
1941 

infections, of guinea pigi, 1932 
PaTaneDiogococcus, 533 
Pan-Sluga bacilli. SuSht^la 
Paratyphoid lefer Stt Enteric fever 
Parotitis, epidemic, 19j2 
Parrota pnltacons in 1672 

taberculosu in, 427, 429, 1343 
Faschen grannies, 059 ISs? 

Passive anaphylaxis, 1140 

immunity Ste Immoiuty, passive 
Pasteur 2 rf «7 
PasteartHo 767—784 

antigenic structure of, 773 
biochemical reactions of 772 
classification and identification of, 778 
colonial variants of, 769 
cnltnml characteristics of^ 769 
differential characteristics of, tabulated, 
779 

hsmolytio group ofi 778 
m experimental epidemics, 1252—1259 
metabolism of, 77r 

organisms resembling, m acute cents gioas 
pneumonia of sheep, 779 
in epidemic in mice, 779 
patht^ematy of, 775 
resistance ot 770 
SalmoneHa antigens in, 703, 773 
variations m vimlence o£ 775 
M antigens m. 774 
oneepfici], 767 tt erg 
toruepfxo 767 
bufio/kseptioo, 772 
Jeptstplieti, 767, 770 771 
muruepiKa, 767 
onttptiea, 767 
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disease cansed by, 775, 1627-1646 
fieadolvlfTCuJone, 767 d , 783 
disease cansed bv, 777, 1649 
motihty of. 768 
sepliea, 767 d ie^ , 77S, 781 

disease eao^ by, 777, 1646-1649 
murpltta, 767 
cdufisrp/ira 767 
Pastenreliow, 164^1649 

expenmental epidemics of in mice. 1254 
experimental reprodortion of in animals, 
777 

pfnls.1639 

Pastrmruation ofmilb. ISIS, 1319, 1336, 1583, 
2048.2051 

Palhns<iuc<tvln idontifiralion of bactena, 362 
of vanona bacteria. See tiiidrr indirviaol 

methods, nee of in obtaining pore mltnres, 
3o6 

Patulin. 177 

Paul Bunnell test, 1792 

Pan! a lest in diapioeis of smallpox, 1SS3 

Pemphigns neonatonun. 1492 

Peaatun 178 

Tenfold a hvpothesd of lag 84 
pemoda, ITd 
PtMKillta, 175 
PeniciUio acnl. 178 
PeoicilliB. ITS, ITd-lSS 

•equmd resutanre of bactena to, ISO 
setson of IS azumaJ body, 184 
aasav of, ISl 
discovery of, 175 
laboratory use of IS2 
mode of seuon of. 132 
raoge of actmtv ot, 175, 180 
ose of in obtaining pure Stores, 356, 1664 
PemciUmase, 150 • 

Peptone eboth, 1144 

possible rebtioa of hiiUmme to, 1151 
Perez a benllus. 494 
Penostitis. 1496 

Penloncal eavitv, eipenmcatal infeebocu m, 
1039 

passage of bacteria Irom to blood stieaco. 
1041 

PentoniUs, 149S 

clostndial mfecUons in, 1777 
Peroxidsses jn bactenal metaboluun, 4 S 
Pertosits. Su TThoopmg Cough and fl*re- 
plittuf 

Petits hadUus. 899 
jyei^crdto. 486-496 

antigenio stracture o!^ 488 
classlficatian of, 400 
group characteia of, 4S6 
patho^eoicity ofi 48S 
relation of to ArlinohafiTlu^ 4'X) 
mallei 4S6 d eeg.. 490 

disease caused bv, 1403-1415 
tfAJmon, 436 ti teq,, 492 
disease caused by, 1415 
oxalate production bv. 492—493 
Pfeiffer’a reaction, 192, 142o, 1806 
effect of on bMtenal growth, 72 
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Pneumorua, Type HI, treatment of with 
baclenal eniyme, 16S2 
typing of infecting pneumococcus in, 

1678 

vaccination against, 1683 
Titamin A in relation to, ll9o 
vtrosea in, 1873 
Fnenmonic plague, 1633 
Poisoning, food Ste Food poiaoning 
ptomaine, 159o 
Polar stainmg 37 

FoliomjeLtis, 1036-1032 St« alto Cliapter 53 
latent infection in, 1326 
natural anlibodiea to, 1226 
Folysacchande antigens of vanona baetena. 
379 For parlteular bactena tu rtnier 
or^oniema in ^eation 

Polysacchandea bactenal, aa aggreasins, 1071, 

1679 

aa liaptcns 25S 
excretion oU m disease, 1673 
in stimulation of antibody pradnction, 
1119 lG8t 

Forges method for capsule removal, 671 
Portal pyvmia, 1491 

Fotentul diScrenee in relation to agglotina* 
tion, S14 

to pbagorvtosia, 333 
Poxes, animal, 1S93-1S97 
PnuBiutx Kustaer reaction in hvpereensitive 
neaa 11S6 

Precipitin reaction 300 Su alio Antigen 
antibody reactions 

Precipitms. Su undtr Antigen antibody 
reactions 

formation ot, 1109 
protective action ol, 10o7 
Frets Kocard bacillus Su Cotynelaeimiim 

Preschool cbilJ unmnnuation of agamsl 
diphtheria, 1399 

Fnmaiy stimulus, effect of on antibody forma- 
tion, 1106 

Proactinomycin, 178 

Probability in relation to assessment of 
significance 983 tt tv] 

ProhabiLty tables m counting bacteria, 82, 
3022 

Fromm Stt Sulphone 

Prontcwil. SeeS^phonamido-ciysoiJm 

Fropamidme 173 

Proton constituents of bacteria, 43 
metabolism of bacteria, 55 
Protons, antigenic differences between, 353 
effect of chemical treatment on antigenic 
structure of, 253 

relaticm of to fall antigenicitv, 300 
Proton sparmg effect of carbohydrates ui 
bacten^ metabolism, 57 
Prot«a. 642-651 

classification of, 648 

diseases associated with, 1497, 1498, ISOO, 
1501. 13S6 

hsmolvtic activity of, 645 
in relation to putrefacbon, 645 
to summer diarrhcea, 15S6 
prevenbon of ewarmmg of, 644, 1328 
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647 

snimdifu, C4S 
Pieryain, 642 tl 4tg , 651 
rti^rts, 642 il teq^ 649 
in wotmd infe^ion, 1501 
X 642, 647 a sej,, 933. 1853-18;^ 
seitlm, 643 
Protista, 619 

von Frowazek Halbenrtaedfcr inclusion bodi< 
intrecboraa, 1878 
Pro-zone in a^lntination, 212 
in bacteriolysis, 228 

in preapitation Ser Optimal antigen 
antibody ntio, 201 tt teq 
Pseadoanth'ax baciUns. S't Ba^us psruJc 
anihracti 

Psendo-Ijraphoeytic cLonomcmngitis, 1132 
1934 

PttadoTnojuu, 506-512 

gronpofforming bluish green pigment, SOS 
in peritonitis 1493 
insomnerdiarrlKna, 1536 
M suppnrative leiions of nnnary tract 
1500 

tn wounds. 1501, 1503 
teniqtnaxi SuP» fjotynnta 
carur,5I3 

S nogmt, 512 
i/n/eonr, 5)2 
JIaorescev, 606 tl tiq^ 51 1 
fyoeyonto, 500 tt ttq , 510 
antigenjc'ttrorturo ol^ 508 
differcntubOD of &ob Pt ftoruetnt 
511 

patbogeninty of for annuls, 508, g] 1 
pigment formaboa by, 608, 510 
vanabon of. 508, 510 
ndicicola Jl-tuoifum fcyumno.'snm 
PseodorabiH, 1941 

relation of to B and herpes vuiues, 3921 
Fseadotubemilosis, 426. T77, 1403, 1404, 1649 
eladotbnrhicha, 1275 
differeotialion of from plague, 1640 
expenmeotal reproduebon of in a n i m al s 
777 

of mao, 16o0 
of mice, 461. 1649 
of pigs, 1650 
of rodents. 1649 
of sheep, 463 1403, 1649 
Peeulotnber^ous ententis Stt Johnes 

Patbeoeu, 1873-1873 

in fowls, pigeons and petrels, 1872, 1874 
in psittacine birds, 1873 tt aeq 
•Uhe diseases, lS7o 
Plcmaias poisoning, 1393 
Poerpml fever, 14SO-14S3 

anaerobic streptococci in relabon to, 14^4 
chemotherapy tn, 1485 
Diet te«t IS relation to, 1480 
intrinsic and extrinsic infection m, 2481 
prophylaxis in, 1483 
senna treatment oC 1484 
vansus bacteria in relabon to, 1485 
vitamin A in relabon to, 1 1 94 
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Pulpy kidney dinpase of lambs, 178J 
Pure cultures of bacteria, methods of obtain- 
ttg Sft Cultures, pure 
Pywraia, 1491 
in foals, 14&t 
^yaimia, portal, 1431 
Pyelitis, 1499 

Pj elonephritia in cattle, 1500 
m man, 1409 

PyobaciUosU, chrome, of sheep, 1499 
Pyocysnin, 503-4510 

as respirator} pigwcnt 54 
Isogenic infections, 1490-1506 
Pytothcmpy m treatment of gonorrhtea, 1400 
of syphilis, IS24 
Pymline sulphonamide, 1C3 
PynthiaajiDe, 164 

Q feTer, 1830 
Quarter OTiI, 1778 
QaeeiutaDd, coastal feeer of, 

B Inpieua in, 841 
£<fto«7»ni m, 1831, 1837 
7 day fever of, 923, 1S37 

Bahhits, anaphylaetiQ shock in, 1 139 

espenmental pneumococcal pnenmoma 
of, 1GQ9 

infectious fibromatosis of, 1079 
infectious mononucleosis o^ 1230 
infectious mysomatosis of. 1073 
infectious papillomatosis of, 19^0 
labial necrosis of, 479, 1783 
mmmgo^Dtcphahtis of, 1924 
onl papillomatosis of, lOSO 
pox of. ISOC 
sflofflesin, 1647 

syphdisln.expcruncntal, 910, 1 105, 1814- 
1810 

natural, 1835 

tuberculosis in, 424, 420, 1343 
virus ni infection of, 1903 Stt alto 
Chapter 63 

Ilabies, 1933-1941 S<t alto Chapter 55 
Mcending myelitis In, 193 j 
due to vampire Imts, IU35 
fixed virus of. 1030 

mode of infection of centnil nervous 
system In, 1930 
Negn coqniselos in, 1937 
Radium, effect of on antibody fonastion, 1104 
on bacteria, 109 
Ram, bacteria in, 2013 
Itemon precipitin rrnrtian, 203 

instandanliMtion ordiphthenaantltoam, 
I3S4 

Kat bil« fever doe to JeliiMxyftt faunt, 380, 
1270 

duo to .SpinffufB jninss, 025, 1370-1278, 
7833 

Ratin Williis, 736, 1603 
PvAt*. BrueeUa infettion of, 1720 

expertmental nneiimnctjcoal (menownii 

of. icon 

In etiolijgy of pUeue, 1627 tl *«7 
m relation to food polvinlng, IWO 
m relation to typhus fever, 1815 


lUts, in relation to Weds disease, 1830 

increasing immunity of to plainip. 1635, 
1641 

infectious anxmia of. 904, 1797 
leprosy of. 404, 440, 1361 
otitis media in, 303. 1499 
pasteuieltosis of, 1639 
plague in, 1631, IG38 
pneumonia of, 393, 1231, 1499, 1699 
tuberculosis in. 426, 429 
typhoid of. ICOO 
“Ray fungus," 373 

Beactionvelocityofdisinfeition, 137 Seealto 
Disiofcction 
Beagma, 1157 et a</j 
Receptors, 195 

different onlcre of. 11)3 
Red irater disease of cattle, 691 
Rejuvenation, relation of to hg phase, 84-88 
SebpM (Craios ofspirochxtes, ISOO 
Relapsing fever, 1803-1808 

arsenic fast strains of spirocbzt« in, ISOS 
immunity to, 1805 
Pfeiffer s phenomenon is, 1506 
prophylaxis and trcatsient of, 180S 
rebpse strami of ipiroibsitra in, 1806 
reproduction of m animsU, 014, IS07 
transmissioa of, 1864 
Trrponrma reeurrenti# in 013 1503 
named varieties of 1S04 
Reproduction of battens, 3 I 
Resistance, 981 Ste Immumtj 

of imctcria to a anous agents, 101-1 W 
methods of cxareinatmn for, 330, 
366 

variations in, m rebtion to dismfcc- 
tioB. 240 

Resolution, optical, factors di lermming, 18 
Rcspiraiion. Mctcn&l, 46 
IB relation to grosrth, 87 
Beepjratory artivity of bacteria ui rehition to 
powth. 85 
infectuns, 16S3-1686 

Respiratory tract, normal dislril uti"n of bae 
tena in. 1023 
normal flora of, 1002 

Rcticolo endothehalivsteTn, antibodies forma 
tioD of, rOlo of in, 1102 
antivirnl immunity, r6Ie of in. 1232, 1233 
in relation to anlibaetccial immunity, 1034 
dtfg. 

Reversed anaphylaxis, 1140 
Rh factor in human blood, immunological 
sigruficiincc of, 1088 
Rheumatic fever, 1509 1516 

hypcrsennllTB reactions in. 1511, 1513 
relation of to Vitamin C, 1 197 
streptococci in relation to. 1309-1511 
Sir pyojfscs m relation to, 1511-1514 
vjnisi as MUw> of 1514 

RhinopliatyngiUs in meningitis Hit 1436 

RWnoscleroma. I7S9 
hscjllus of, 667 tl irj 
JUu/Mum. 499-S02 

tegum.soMram, 409-503 
Jlio-rtntittt (g) of Sa!m/»ttl!a bacilli. 303 
of vibnos, 621 
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Rhodoeoctut 627 Soaslisess £n relation to anligcnie stmcture, 

fia«QbnreM,627 277, 2S3 

rJoiforfrotia, 626 Koaiii, 1S95, IS'VJ 

Twtojvlwi, 627 Ron* sarcoQia of eluckezu, 1077 

Piboflann as bartenal ritamm, 66 Bonia'a tube 363 

RKl'M-ixa, 923-937 Robe&a, 1952 

antigemc etractare of, *^33 Bnja* tcediam, 152S 

classification of, 937 

cnltivation of, 931, 060 fever, ISdl 

diseases causM bv, 1341-1662 Sabn. 1^6 

habitat of 929 bartenenlal ■rtieitj* ol^ 1021 

metaboh-m of 931 normal flora oC 1056 

moTphologT of 930 Sabrarjr caJenli line to Jrfiaomjief#, 1272 

pathogeninty of, 033-936 gliail Tints of guinea pifs, 1043 

relation of to /Ve<e»# J, 1S37 ^o/flunu/fa. 702-745 


resistance of 932 
oJhiiausKt Stt R atjipontco 
bom 93J, IS62 
fcnmr/i, '»29. 932, 936, 1350 
rams 937, 1S62 
c(M^un<<irai, 936, 1362 
coaon, 134S 

itaponea Su R fcwradi 
ri<;op*«ji 929 931 
mooseri 929 ri ae;,, 935, 1345 
ai,RPo»i<»i 9^ <r ae?,. 936, 1S49 
onf^talu SttRntppontea 
orino, 937 1362 
pedtevii,fi29 1352 

proioi3«h,647, 92s<i«cf,.93f, 1341 cfarj 
louM- borne type of. 934, 1341 
moimetyne of S<« R mooem 
gaiaio«M.923,he, 1351 
neletUi 929 <t 935. 1346 
rocAo-fiawe, 936, 1344. 1852 
niminanrium, 929 1*62 
IracAoffla/ta 1379 
Inleugamviin See R ntppoKiea 
troOiynxa See R gvin/ono 
Ridral ^^alVe^ drop method of etandarduing 
dinnfectasts 146 

Riecbenbrig leacbon See Adhesion pheno- 
menon 

Rift Valley Ferer, 19o9 

Rmderpe»t 19<»a See alto Chapter So 

Rinrer a aolntioo, 126 

Rinj Ittpfung, 1907 

Rixers. bacteria m, 2015 

self pnnficatiOD of, fh)20 
Roctv Mountain epott^ ferer, 935, 1846 
Rodella a bacillaa HL Fee C/osfndian fertiHm 
Rodent diseases, bacteriology of See mdrr 
Rata, Mice, Gmnea-ptg<, etc. 

Rodent tephoid, 1600 

Rodents, plague m gerbSke, ground equinels. 
field and malUmammate mice, spermophilra 
and tarbagans, 1637 
Rolling disease, 947 

Roll tube method of connUng bacteiu, 32 
Romer a method of performing tubercnlm re- 
action. 1323 

of titrating diphtheria antitoxm, 1383 
of titratmg diphthena toxin. 1379. 1377 
Eonfgen rays, effect of on bactena, lOS 
Rough rananta of bactena, 290 
mode of division of, 300 
galC-senatiTity of, 299 


■nimitl reservoirs of, 159$ 
kntigenie atrurture ot 710-719, 726-74S 
antigenic trpes, fermentative varieties of. 
718 

antigenic variation of See alto Vanat oo 
a ^phase 270.716 
arlifiaal phase, 716 
Hanlicen*. 716 
3f antigen, 718 
OantiTMu. 717 
On-s-0 717 
siooclh -*rooirh, 277. 717 
(peel6^5T©op phase, 278, 716 
\ I antigen, 717 
X antcen. 713 

baetenophage method of typing of, 719, 
1543 

I loehcmira) activities of, 706, 71S 
chemical baelionation of, 2$^ 720, >24 
(nmppNte aclifeas m, 712 

d,7}2, 743 SetSalm.p3tninara 
r, vv and xn, 712, 717 
7, 742. Fee Salm eorrsa 
cultiml ehararteta ot 704 
genetic resistaure to, 075 
habitat of, 703 

in biT^ and animals, 1593-1601 
m food poisoninp 1594-1004 
in Ibe tonsns, 1524. 1604 
m typhoid fever Fee Chapter 69 
moijiiolosy ot 70t 
mmyitd colooiea of, 7(M, 70o 
nomenclatora of 702 
rothogenicaty o^ 721, 1519 rf 15*4, 
15911-1601 

production of eaterotoiie eub^ancee bv, 
1607 

resistanee to heal and chemicaL*, 6a9, 705 
1527. 152s 

tummanaed descnption of diSerent speties 

of. 755-744 

toxins ofV 721, 723 1593, 1607 
Vi anticeas in. 713-715, 717, 1525. Set 
aim \ I antigen 
etUrdetn. 709, 715. 741, J597 
oiony. 707, 713 727 
ebarlat ietcii, 707, 713, 730 
«iorfit»-caaM,727 FeeSoJm pam/yp^i R 
o&ortas ejai, 707, 713. 730 
alcriut-one, 707, 713, 730 
ocera, 730 SeeSalrKdvilin 
edelaede, 709, 715, 741. 1597 
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SalmoTidIa aeHnjcle See Salm typki munwn 
tAltndorf, 707, 713, 730 
awaffer, 70S, 714, 739 
amtrtfoorl, 707, 713, 733 
aniAerstiana, 70S, 714, 735 
anaUm. 70S, 714, 739, 1597-1599, 1603 
arechaialela, 713, 730 
arizona, 709, 716, 744 
hnUtmp, 709, 715, 743 
iaretfZi/, 707, 713, 733, 152C. 1697, 1602 
balavia, 740 See Salm lexvigton 
berlin, 732 See Sain thompaon 
berta. 70S, 7U. 737 
bianj, 727 See Salm. tgpbt mvnum 
huptbjern, 707, 713, 729 
bktjdam, 703. 714. 737 
JannrifjMW, 708, 714, 733 
borieci, 715, 741 

fcotu morhijteani, 707, 714, 734. 1697 
braeKiervp, 707. 713, 733. 1697 
lron<i««iurj, 707, 713 729 
brtdnep, 707, 713. 730 
lyuiaput, 707, 713, 729 
eahjomia, 707. 713, 729 
ecmliruljc, 714, 741 
714. 733 

eard(£'.707, 713, 733. 1897 
carrau, 709,710, 742 
ctrro, 709, 7]5, 743 

thaeo, 70S, 730 See Salm entertlutia 
thtiltr, 707, 713, 72$, 1397 
«»«/«•« »uw, 707, 713, 731, 1526, 1597 
eltriifinvt, 70$, 714, 73S 
coll, Type* i-T, 715, 745 
eanterS. 713, 733, 1597 
eppenb(tjen,727 See Salm typhi munam 
danyti, 70S. 739 See Salm tnUnlidts 
dar a talaam, 70$, 714, 73? 
derby, 707. 713, 729. 1597 
dubhn. 7CS. 714, 733, 1597 
diiuseldatl. 70S, 714, 733 
drtiAntTy, 739 Set Salm grdUnamm 
durboTt, 714, 73S 
tatflmime, 709, 714. 737, 1597 
efilenltdm, 70S, 714, 723, 735, 1526, 1597 
lygogfoic strains of, 346 
UBtn. 707, 713, 729, 1697 See aJio Salm 
fnUr\itdn 

foTida, 70J, 715, 742 

tjalhnanim, 708, 714, 738, 1507 

yamtnara, 709, 715, 743 

^arlittr, 733, 736 See Salm enlenlidtt 

georgia, 713, 733 

O.ie, 708. 714, 739, 1597 

fflo«[nip,70S, 714, 735 

goellmgen, 70S, 714, 733 

erumpcnsie, 715, 741 

habam, 709, 715, 742 

hartjord, 707, 713, 733 

UiJdbtrg, 707, 713, 72$ 

Aetes. 709, 715. 742 
iarm^tbei. 700, 715. 744 
boribam, 715, 742 
hitlhruifots, 709, 716, 742 
ilhniM, 703,714, 741 
iv/artlis, 713. 732 
Inverness, 702, 715, 744 


Salmonella italiana, 714, 73S 

javo, 727 See Salm partUypbi B 

jamana, 70S, 714, 73S. 1597 

jena, 735, 730 See Salm enlentidie 

laapsfad, 713, 729 

kapomar, 707, 713, 729 

leniuety, 709, 715, 743, 1597 

kul, 730 See Salm dubhn 

Itrlee, 709. 715, 743 

lotln, 713, 729 See also Salm dubUn 

lol^us. 707, 713, 734 

Irantrmlor/, 707, 731 See Salm eholerx 

lenngton, 70S, 714, 740 
lifcAjfeli. 708, 714 735 
lotna [tnda 714, 737 
lond(m. 70S, 7U. 739 1597 
madeha, 709, 715, 742 
manhatian, 70S, 714, 734 
mdeayndts. 70S, 714 740, 1597, 1602 
tnexicana, 707, 714, 734 

707, 713, 733 
t>i»7ine«43, 709, 715 743 
715, 742 

morUii.\deo. 707, 713, 733. 1597, 1C02 
«o*fW. 708, 714, 737 laZO 
moskav, 736 See Salm enlrrilidie 
miie«£/.«n, 707, 714, 734. 1597 
muenele?-, 708. 714, T39 
Mjwli. 714,738 
paeasbrno, 708, 714, 733 
new-trujieiyiei, 708, 714 740, 1507 
newaslle, 74) See Solm ttmjtsnbafg 
neioin^fM. 703, 714 740 1607 
nmpori, 707, 713, 734, 1507 
niloese, 703, 716, 741 
»jAcvj. 708, 714. 740 
oJfTiee, 737 See Salm, pamlyphi B 
oiutrmon, 708, 714, 737 
oiuierstepaort, 700, 715, 742 
omnicnburg, 707, 713, 732, 1597. 1603 
arejan, 707, 714, 734 
cflo. 707, 713, 733, 1697 
panama, 703, 714, 738, 1697 
para/yphi A. 707, 713, 726, 1526 el seg 
jmratyphB B. 707, 713, 724 725, 727, 
1526 tl teg 

paratyphi 0, 707, 713, 731, 152G el seg 
peneacola, 714, 737 

jiestie Ca8ie,727 See Salm lyplu-munum 
pamomx, 715, 743 
pocma, 709,715, 741 
pdsdam, 707, 713, 733. 1597 
pntona, 715, 741 
713, 734 

pnerlo rico, 734 See Salm neirport 
patlonm 708, 714,733. 15o5. 1597 
707, 713. 729, 1597 
rojfoel.TOS. 714, 737 
rtibiflare’, 709, 710, 741 
mi»; jinul, 707, 713. 729, 1597 
tahnalie, 707, 713, 728 
•JB-Jieya, 707, 713 728, 1507 
wAletwAeim, 707, 713, 730 
trha'aTtstnynind, 713, 730 
trlnndio. 70S. 714, 740 
eendai. 70S, 714, 73T 
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Safmontn^ 70^, 714, 739 

ttnjUyAtfJ 70S, 715, 741, 1597 
nmibvry, 7(W, 715, 741 
»o?/, 709. 715, 741 
tlaxlty 707, 71S, 72S, 1597 
iSoTTt, 727 Ste Salm, tv^Ai nitriBn 
njideraB, 715, 742, 1597 
tzfTiIu, 70'*, 715, 743 
laLfoni/, 703, 713, 741 
l{l-anr. 709, 715, 743 
IniTie^. 707. 713, 734. 1397 
tl.o»iy>sc«, 707, 713. 732, 1597 
firn, 740 Ste Sain, tifviiiylon 
fVpAi 705, 714 722. 733, msd Cl>apt«T C9 
IB the toQsn*. 1524 

lypkt munxm, 707, 713, 722. 727, 1597, 
ICOO 

<ypA» ffSM, 707, 713, 732 
mganda, ’’OS. 714, 7M 
mjcamed tvj^, 714 
VT^GM, 7CO, 715 744 
re;;e,703 714, 739 
riniotr 707 713, 732, la97 
rtTpiaid, 714, 735 

roUaj*'’!, 73— S<t Sain. lyfJii in>u 
714 7W 
tricA^ta, 700, 715, 742 
(rorlliiiTfaft, 709, 71S, 742. 1597 
ta^rth, 707 713, 729 
tonsilcf 703 714 740 
*>lLlt igglstifiAttos, 514 
Sftlt tenelintr of ns^h ruunts, 299 
Stlta, wta^onutie tSt^t ot, 125 
effect of 00 baetena, 120 d 
oa othet gwrondfe. U7 
CO pip&est farmitim, 633, 633, 637 
tnode of acttco oC 127 
nuwpbbildf of Onm po^itire aad Gram 
cegatm haetena to, 125 
RAmjJifig erms. aasesrmoit 9>l d 
Si&dlliea, m relalica to rirrHTa pemuna. 1797 
Sandfly feTW, 1959 
SSo Panlo typh'is, 1947 
Saponm eolobfljty of pnenmocxjccus, 571 
Saprophytic acid fait bacilli, 4(X> d 
chetu^ rtracture cl^ 403 
daasificatiOD ol^ 433 
cnltnral charactenstica ol, 414 
effect of glycenne on gro^h of, 420 
pathoffSiiclty o£ 423 
pginent fonaation by, 415, 121 
Saprophytie muses, 9a6 
farcina etirodtnea, 623, 626 

cotijaadiF*. 626 
cznyuadirar etirta, 626 
/deo, 626 
mms5i7wi. 626 
amx, 626 
t'enlrmli. 625 

SateHitisin of B tnfiurtzx, 790 
Scarlet ferer, 1463-1473 

setire unmo^uution against. 1473 
antitonc seta, propiylartic treat ment 
anti, 1475 

EtandardiMti^ of, 1476 
therapeutic ti r at inent aith, 147% 
1477 


ScarUtfeeer, earners of, llCO 
chemotie^pT cC 1477 
eonTalrscent eernm in, 1477 
diagnosis o4 1467 
Dick teat in, 1075. l&sO, 1465. IJCT 
eptdemiologr c£^ 1469 
eipenmentU ptodnctioa ot, 14C1 
laboratory inf'cticjn »iih, 1464 
fniSk la relation to, 1471, 2039, 2049 
** ninuatw," 1465 
tsode of r^ittAA o*, 1471 
ptCiphTla^ IS, 1 472 
SchoiU-Cliailtoo reaction in. 146o 
loTpiUrtw. nlation of to, 1475 
IreataeBt of bv ch«iiolh«apy, 1477 
with coQTalescent nt- r um , J477 
tjpea of Sir aas^nated with. 

1463 

Schick ted. 1075 d trq., 1376 

age grcnifs in lelatKei to, 1076 
antibody content of blood is relation to, 
1577 

Mood pronps, relation oC to, 1079 
« > O Tw «i on Tat«, 1396 
efinmninecUl comLltos* ta telsUoa to, 
1050 

eiperxsatal jeods'ti'^ of Apitkma o 
podtiee leactora to, 1055 
imansolocinJ RgsiSaare of, ICTJ-IO^S 
ta control of actire unsraaoaU^ 1953< 
1396 

n cLphthena eoaraliwentta. 139S 
ta ladignou pofvlatms, 1075-1055 . 

nataial uasnmsatm ta relation to, ]2ff 
Schick do« of toxa ta. 1377, )3v4 
•oaceptiWity of Schiti pr«tiTe iwtoa 
to lafrcOon. 1377 

Schaomreetes. clajaifleatioa «{; 310 
SchauU • baeiDas. Stt Shy)tlta tekn\i:% 
Scfaaod • baoCD'S. Su Eunfarwat aerro- 

Seboob, diphtheria launmuxation in. 1245- 
1251, 13^ 

Schnitx technique la ctodr of anaphylactie 
shock, 1146 

Schnltz-OiarltcQ reaction, l46o 
Sooon. Mack. S27 
white. G67. 1CG3 
SetapK. 1942 
ScTob lyphna. 1549. 1556 
Sewf etai^Tlocoeciis. 622, I007 
Sea water, bacteria m, 2''15 
Seasonal ranaboni in imasunty. 1203 
Secondary stimalns, foraatan of aatH^^dJes in 
irsposaeto, 1110 
Sefemma salts C59, 706. 1523 
Senntizer, Bordet s ccnceptioaof la hinjcJrss, 
193 

Septic aore throat home hr mffV 147J, 1473, 
2049 

^epticsnua, bactenolngy ot 1490 

hstftorrhagjca St* Partenrelk^is 
Saok^icsl resetjons, in felsstifitaboa of hac- 
tena, 361 See *?« oitier Aatifen antibody 
reactiois 

Serotherapy S«»id^uiifin<faaldi*e:»^ 
Sendoxins, u aniphylicb: sh'vk, 1143 
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SerralMi marteictni, 636 

Serum, diastase ia, 453 
maltasefn, 387.634 

Serum fast atraina of spirochstea m relaMmo 
foTer, 1806 1808 

Scrum reactions See Antigen ^tibod;^ re 
actions 

Serum sickness, H52 

Severi day fever of Japan, 1834 
of Queensland, 1837 

Sewage, activated sludge process of pnrifica 
tioD, 2033 

6actcriofogy ot^ 203^ 
pleuropneumonia like organisms in, 939 
947 

Sliake tube method, nae of in obtammg pure 
cultures, 353 

Sheep, anaerobic infections of See Anaerobic 
infections of ammala 
a&ibrax of, 1731 
black disease oC 1780 
bUeUeg m, 884, 835, 1778 
blue tongue of, 1967 
brazy of iSee Braxy 
Rneella laltxtioa of, 1697, 1706 
caseons lymphadenitis oE^ 459 Set aI»o 
PsendotuMrculosis 
ehronio pyobacJlasia of, 1499 
contagions agalactia of, 945, 1867 » 

contagion pnesnonia oC acute, 779, 1646 
eontagiooa pustular dermatitu of, 1897 
enzootio hepatitis of 19a9 
foot ntof.dSl, 1797 
infections of with Cl uielc^ii, 1781 
infectious ecterototaimia. 2763 
lamb ^entery, 1731 
pulpy Sidney mscasc, 1783 
struck,” 1782 

infectious necrotic hepatitis of, 1780 

Johne’s disease of, IS63 

joiut-iU in Iambs, 1284, 1496 

{omtri: of, 1646 

louping ill of, 1930 

Xairobi disease of, 1967 

pox of, 1693 

psendotoberculosis of, 1403, 1649 

scrapie of, 1942 

tuberculosis lU, 424, 429, 1343 

Shellfish. 2031 

Shell fish in relation to entenc fever, 1341 

Shiga’s bacillus See Shigella 

SAtgel/a, 685-699 

autigeuw itructure of, 687 
bnetenophage action on, 603 
biochemical reactions of, 630 
tabulated, 6S3 

chemical fiactionfttiou ofi 693 
classification ofi C96 
colonial typos of, 6S0 
differentiation of by Hicbaeha aad 
agglutination test 692 
disease due to, 1561-1576, 1584-1583, 
1593 

hienioljeia formalvon by, CS6 
metabolism of, 686 
morphology of, 685 , 

nomenclature of, 685, 698 


pathogenicity of, 695, 1561 tl sej 
resistance of, 6S6 

smooth rough or type-group vanatioo in, 
680 690.692 
toxin formation by, 693 
oHaleetenf, 677, C85 <t seg , 1569 
dupar, 635 et eeg^ 1569 
jfe*n«r», 685«t seg , 1561 eieeg, 1585, 159S 
relation of to Salmonelta group, 692, 
744, 745 

naociulle, 685 tl leq , 1569 
paTaSi/ttnleris, 699 
pua-Shiga group of 635 el leg , 1568 
scAmitsi 685 et teg . 1567 
635 et teg , 1566 
sonnci, 685 et teg 1568 I5S5 
•p fhoyj Types 170 P288 D1 P274. 635, 
6S8-690. 607-699 1569 
Shop typhus 1845, 1836 
Shwartzman pheaomcoon 1176 

relation to pathogenesis of infection 1177 
•• Side-chain ” theory, 196 
Side to aide inoculation. 1231 
Silica as LaUphylaetie agent 1207 
Silicosis, in relation to (ubercolosi*. ISOS 
Single cell raetbods, use of in obtaisiog pure 
mtores, 3o7 
Siovsitu, 1499 

Site of formation of antibodies 1101 1106 
Size of bacteria, 16 
increase in, 641 
venation of with age, 84 
ID rebtion to opacity 81 
Skin bactencidal action of 1010 
formation of antibodies in 1202 
local immunity of to streptococcal infec 
tioQ and staphylococcal infection, 1181, 
1)82. 1164,1185 
normal flora of, 1607 
of infants, senndnty of in relation to 
Dick test, 1078 

stspbylococral and streptococcal infec 
tioos of 1492-1193 
Slune fever See Swamp fever 
Smallpox, 1834-1695 

elementary bodies ID, 9o8 1887 

Ouarnicn corpuscles in 1837 

immunity in, 1883 Bee aleo Chapter 55 

laboratory diagnosis of 18S7 

mode of section in, 2884 

Paseben s granules in. 1837 

Paul 8 test m diagnosis of, 1888 

relation of cow pox and vaccmix to 1883- 

1890 

reproduction ofinanimale, 18 Sj 
serum against, 1893 
types of classical, 1884 

vanola minor or aiaatrim, 1884 
vaccination against, 1800 
cDzaplications ofi 1894 
foot-and mouth virus in voccinc, 1804 
protective effect of, 1891 
Smegma bacillus See Jf^oiaetrriant tmeg 

Smooth -*■ Bough {S -r-R) \anation 290 
Smoothnees and roughness in relation to 
immunity, I0S5 
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Sisoothaesa in relation to antigenic atrueturr, 
277, 285 

Sneeze, dropteU m, 2003 
Snotfiekte, 19CC 
Snow, bactenivin, 20U 

Snuff, in treatment of nasal diptthena cumm. 
13SG 

SnufDes m rabbits, 1&47 
^fl chancre, 1790 

Sodium desoiycholate, 571, 659, 706, 152S 
Soimtic antigens, 27G, 283 
Sonic wave" effect of on bacteria, 110 
Sonne a bacillus Sta Sfctjtffa sonnet 
SordeOis bacillus i^re Cloitndium ht/er 
tnentam 

Species, b/vctenal, 316 

Specific and group pbasoa of flagellar (II) anti 
gens, 273 

Specificity of antigen antibody reactions, 212 
Spectrum, diagrammatic repre««»lalion of, 
103 

Spinnlosin, 178 
Spinllum, 537-529 

miavs, 520. 925, 1276-1278, 1833 
Tvbrvtn, 537, 538 
serpens, 529 
undnla. 527. 529 
t-ofutans 629 

iS’pirocAcfa, characters of, 907 

mortal muna. 5ee Spiriffum miaus 
pltealilis 907 

Spirochetes, 907-923 See also Sptrocinc, 
Crisfispim, Leptospira and Treponema 
general coanctenstica of. 009-912 
in human mouth 919 
Spirochetosis anan, 1803 
in animals, 1309 

Spiroehjeto*u icterohiemorrbagica St« Wed a 
^sease 

Spleen, effect of temoml on antibody forma 
tion, 1103 

on BartontHa infection, 903, 1797 
Spontaneous generation, controversy on. 4 
Spore formation effect of calcinm on, 291 
Tanation in, 291 
Spores, as antigens 279, 810 
bacterial, 21 

bacteriophage in relation to, 347 
chromatuuc bodies of, 25 
geraunatioa oL 2j 
Sporogenea vitamin, 69 

Spotted fever, due to ^eissfna noiiftyi/idts 
Sre Meningitis 

dne to BtclcHsia rielitl’i 935, 1846 
Spreading factors m bacterial infectioa, 1013 
Staining of bacteria, 37 

Staining reactions m identification of bacteria, 
358 

Standard deviation 9S5 
Standard error, 987 

of a difference, 987, 994 
St&ndardiration of antitovin, 238 Sre also 
vnder iniiriduaf rfisforts and organismg 
of disinfectants. See Disinfectants 
Standardisation of various reagents See 
under indtndual rcaym/s 
StapbjdocoagulMe, 6V7 


Stapiploeoeeug, 607-623 

antjgenie structure of. 613 
antiserum to, 630, 1504 
barteriophage tvpng of 614 
bfodiemical reactions of, 612 
eapsubition of 603 
chemical fractionation oC 613 
closaificntion of, 620 
coagulate formation Lv, 617 
cultural reactions of, 609 
enterotoiin of G16. 1605 
habiUt of, 60S 

hemolysin prodntiionly, CIS. 616 
s hsmolisin, 615 
^Ivsin. 616 
y-Iysin, 616 

in broncho-pneumonia, 1667 
in food poisoning, 1C04-1COS 
in auppurative legions, 1490-1006 
leacociiliR production by, 616 
inetabolum of, 610 
morpbo!o (7 of, 60S 
palhegenintv of, 618 
pigment production In*. 611 
reaistanro of. to heat and disinfect«nU,CI2 
Mtcllite growth of// laifuMzeiarcUUCQ 
to, 790 

toxin production by, 614 160 > 
toxoid in vartmauao, 1506 
TaeciAM of in treatment, 15Ck> 
ofSxe, 607 ft te^^ 620, C22 
aumnlioeuf, 623 
nurtur, 007 ti et)., 031 

in uovnd infection, 1501-1503 
tanJifani, 622 
tandiJ»» Cii 

cifreu*. CO? tl «(}., 620, 622 
rpultfrntiif, C22 
eptierntdis alLitt 607 
pyf^emt oHsj, B07 
PSwamrs o«rtii»,607 
pyogenes filrens C07 
aa/imnuj, 007, 622 
ntUeanvi pyogtn’s, COT 
Starvation, effect of on resistance, 1201 
Stationary i base of growth, 83, 04 
Statistical methods, use of, 980 1001 
Stcnlnation, early ii orL on, 7 
ofnulV. 2053 
Stem reaction, 700 

Stomach, bartcncidal micliaiusms oC 1020 
non^ flora of, 1987 
Stomatitis^ apblhocs. 1897 

contagious pustular of horse», 1693 
herpetic, 1 S <7 
veacnlar of horses. 1907 
Strangles, SSI, 5S2, 1496 
ofhotves, 1496 
Straus a reaction, 4^9, 490 
Steeptobacillus tnoiuiiformis See itclinomycei 

Streptoeaeens 559 601 

anaerobic species ot 596 1772, J990 
in gas gangrene, 1772 
in puerperal fever, 1484 
in aepticsmia, 1491 
anti^Tuo slmrtuie of, 572-588 
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SlrtploetKevi, bile, effect of on growth ot B72 
classification of, 679-389 

by changes produced on blood media. 
6&4 

by femeatatioa reacJjoas, 6«59 
growth eharsetefs of, 5fl2 
growth requiremenU of, 562 
hsmofysis produced by, 664-569 
hamolytic group of, antigeme strncture 
of, 675-63S 

chemical structure of, £79. 2S(h 674- 
677 

Group A, 67o, 576, 579 See aha 
Sir pyognta 

Group B, 675, 576, 678, 680 Bee 
aUo Str ag<dae(tie 
Group C. 575, 676 678, '631.501 
Group D, 675, 576, 678, 552, 593 
See alto Sir 

Group E, 576, 5?S, 586, 6W 
Group P. 676, 678, 586, 53* 

Group G, 675, 876, 578, 6S6, 694 
Group H, 576, 657, BSi 
Group K, 676, 678, 687, 694 
Group Ix, 876, 587, 594 
Group U, 670, 6S7, 594 
Group N. 876. 637, 694 Set olw 
Sir la^it 

JO oonnal oasophuTiiz and tcoaila. 
1903. 1094 

matt and glossy forms of, 301, 577, 695 
non hamolytio ransnUof, 567 
smooth and rough forms of, 694, 
695 

heat resistance of 572, 533 
la eppendicitu, 1497 
iQ cholecystitis, 149? 
in mastitis, 1494 
ta pentooitis, 1498 
in sinusitis, 1493 

in euppuistire lesions of tho unnaiy tract. 
1500 

methylene blue, reduction of by diSlreot 
species of o72 
morphology of, 660 
motile, 652 
pathogeoicity of, 6OO 
toxin production of, 390 
variation in, 594 
ocxlomimmiis, 589 
ajalaclue, 531, 598, 1494 
m mastitis, 1404 
pathogcmcitT of, 692, 1494 
bovts, 585. 686, 68S 
ertmortt 6S8 
durana, 535 
dyagalacUee, 682 

epu/<nticas,rclationofloSl)- pyo^ncs, 580 
<yu>, 882 
cTuinus, 5S9 

/acolis group of, 672, 5S3 693, COO .See 
a/35 Group D and Str fgailts 
rlaesification of 533 
endocarditis in relation to, 1614 
best TetialAUCti of, 572 
in water, 2013 2025,2028.2029 
relation of to Sir laetu, 585 


Streplocoeeat p/yceriTwceus, 585 

hsmolyticus, 6o9 See Sir pyogenee 
tnulaceaa, 585 
Icjir. 688 
laaif, 676, 601 
in nulk, 2037 

relation of to feesatu group, 533-533 
It^Uefaeiens, 585 
miTis, 589 

piteumoni*, 639 ft teg , 5D2, 593 
antigemo structure of, 672 
antigenie types oi^ 1670 
tmosmutation ol, 305 
antigens of, 279 
bilesolabibtyof 671 
capsular swelling reaction of, 24f 
capsule formatiou b} , 861 
chemical structure of 674 
diseases caused by, 1496, 1493, 1499, 

ms-im 

frequency of Qtws in bcfllti sad dis 
ease, 1670-1673 
bsmolysm of, 5CS, 692 
hyaJuromdisB production by, 593 
in normal nasopharynx, 1993 1994 
morphology of, 660 
pathogenicity of, 693 
polysactliande antigens of 674 
sfgreasive effects of 1071 
s^ reaction to in pneumonia, 
1CS5 

stimulatiOD of antibody foma 
tiOQ bv, 1119 1684 

boftenal snsyrae act 
logon 173 1682 
rough form of 300 oOo 
saponin lolubil ty of 571 
typing of in pneumonia 16*8 
variations in, 59 j 
pyoyew, 5o9</s#^ , 579 09^697 

a andnon hsmolytic coloues of. 667 
antigenic structure of 2s0 576 577, 
579 

capsule formation by 501 
chemotherapy in infections with, 
U77, 1485. 1504 

erythrogenic toxin of 591, 1464-1469 
in relation to toismic infection, 
1031 

fibnnolyain produced by, 591 
inemolyuas of SCO 590 
hyaluronic acid production by, 591 
byaluronidasB production by, 591 
ta wound infection, 1501-1503 
infections doe to, 1402-1506, 1511, 
1666 

Icucocidm o{, 690 
local immunity to, 1130-1182 
M and T antigens of 677 
jvitliogenicity of, 590 
presence of in normal throst, 14C9, 
1993-1994 

gprcsdmg factor ol, 691 
toxins produced by, 690 
typing ttb ly agglutination 577 
by precipitation, 677 
variation In, 691 
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Slnpioeoce^u M/ironuj, 5S9 
5S0 

rtrufanj, 66i-560 

Tindans group of, 504-566, 578, 583, Sd3, 
600 

in t>]ood After tootli eitnctioo, 1515 
in endocarditis, 1514 
symogtM, 5S5 
Streptolysin, 656, 500 

rheumatic fever, m relation to, 1512 
Strtptomycta, 382 
Streptomycin, ITS 
Streptotlmcin, ITo, 179 
Strcptothnx Set Acl\nomyeu and Ftutfomxt 
cunimli. SttTuttJormitiitmpkonu 
maduKc See ^rtmomyrea 
momliformia. Su Aett*«myti» munt 
mime rath See^diaomi^ea msru 
Strongyloplasms, 949 
Stuttgart dog plague, IS37 
Subacute bartenal endocarditis, 1515 
Suicide colonies, C'C 
Sulphadiaxine 157 
Sulphaguanidine, 157 
Sulphaniiamide, 157 
Solphapjndine, 157 
Solphathuzole, 157 
Sulphonaizude dngs. 157 

action of on re*piratocT eurmea of bae 
tena, IM 

on hasue defences, 1212 
antagonisen of. 159, ICO, 161, 155 
cbemothenpeatie achvity and chemical 
structure of, 167 

mode of aetioo of la rtlro, 159, 165 
>n nro, 161. 1211 

Woods Fildct hypothesis of, 162 
relation of to antibody formation. 1212 
to immunity, 1211 

reaatance, accmitd, bac\ena to, 1W>, 
161 

Snlphonsmudo-ctysoulm, 136, 15$ 

Solphone compounds in chemotherapy, 171 
Sulphur bacteria, 61 

Sulphur dioxide, effect of on bsctena. 149 
Sommer diairhsa. Su Entenha of tnl^cy 
Sunlight, effect of on bacteria, 102-104 
on media, 102 

Supersonic waves, effect of on bacteria. Ill 
Suppurative leaona. See Is ogenic infections 
Surbee plate method of coontmg, S2 
Surface structure in relation to antigeme 
speciBatv, 263 

Susceptibility to disinfectants in relation to 
age, S3 

Swamp fever, 923, 1S36 
of horses, 1969 

Swine, actinomycoaia in, 1271 

anaerobic infections off Set Anserebie 
infections of aTumsU 
blackleg off 1778 
botnomycosis m, 1492 
Ene^la infection off Set Bntcdla infec 
tion of swmo * 

eiyapelaa, 39 j, 12S5-1285 
fever. 1963 
hog <^o1aa m, 1963 


Swine, inffnecza. 1661 
plague. 1616 

pleuropneamoma of. 1964 
pseudotnbercnlaus of, 16o0 
ro*gtI oC 393 

tnbcrcnloeis in, 424. 42^ 1343 1518 
vesicular exanthema off 1908 
Swineherds' disease, 1932, 1954 
Synnlasmata. 653 

Syntlietie antigen*, 253-25S Set alto \nti 
gew 

Syptulis. 1812-1825 

diagnosis off 1S15-18X 

by aniTnal isOCuUtlon, 1 817 
by micmcopeal eiammaticn, 1S16 
by -scrum reacboos, 1S17-1S24 
interprc-tatioB off 1820 
immunity to, 1165, 1813 
m rabbits, experimental, 916 1SI4-1S16 
natui^ Ia2a 

prophylaxis and tieatomt off 1824 
pjTolherapj in, 1824 

T antisen of SalmotitlLs bsoilli, 803 
TobatdJIo. 1811. 1845 
Tears, bactencidal artion off 102o 
Teeth, baclerxuua CaQomne extraction off 
Ial5 

Tellunt* media for diphtheria LaclUt, 4a0; 463, 

Temperature Set alto Buiafectioa 
on antibedy fortaatron, 1201 
on asttgB),anUbo6y Ttaetiona, SCO 
OS baetena la water, 2til6 
oa hactenal growth. 72 
on Isrtenal growth rate, 91 
on hwmolyas, 227 
cm keeping quahtT of miH, 2037 
external, effect of oa rrsuunce to Inf-e 
\i«i.l2K 

in identification of bactens, 360 
optimum, u«e of in obtaining pure ml 
tures354 

Terms used in desezirtion of bacteria, glossarv 
off 360 

of cultural reachoss of bacteria, 354-56" 
of morphological epr«**anee of hsctcru, 
354 

TeUnus. 1745-1767 

aheorption and mode of achon of toxin m 
1752-1705 
asbtoxm (o. 17o9 
calanm sslta in relation to, 1205 
cephnlio. 1747 
diagnosaoff 175S 
idiopathic, 1730 
immunity to 17o3 
ac(]UiiTd. 1757 
natural, 175o 
m 1767 

m man. 1746 

epidemiology off 1746 
• distnbatinn of tetanus bacilli lo 

nature, 1743 
ineidenee,1746 
incnbabon p«iod, 1747, 1761 
mortahty, 1747 
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TetaQa*,ui m&n.prophylivsuandtrcatinentQf, 

1758-1767 

Vy toxoid, 1765 

treatment oX by prophylactic injec 
tiaa of antitoxin, 1761 
by thcrapcntie injection offlnh 
toxin, 1762 

mode of infection in, 1749 
post operative, 1731 
aeonatorom, 1746 
puerperal, 1746 

reproduction of in animala, 1749 
spWchme or visceral 1747 
toxoid, active imnninixabon by, 1765 
Btandardization of, 1767 
Tetrathionate broth In ctUtnrcs from enteno 
fever, 1528 

Therapcnbe index, 165 
Thermal death point of bacteria. 115 
Thermophilic bacilL, 83S 
cloatndm 872 

Thennopreeipitin test in anthrax, 1738 
T hiamin , 164 

ax haetcnal ntanun, &4 C6 
Thonnm effect of on antibody formation, 
no4 

Thread method of atandardiune diaiafcctanta. 
US 

Thromboeytobana reacti<m, 91S, 1833 
Thmshee, plague of, 1969 
Thnnberg tube, ate of in study of oxidation 
reduction reactions, 47 

Tich fever, 1803 alee Relapsing fever aai 
TV^us fever 

due to Bmetlh tutartnfn, 1720 
dueto^irlrttita, 1846 
doe to Trtforuma 1803 
doe to tmlmown cause, 1846 
Tick paralysis, 1846 
Tick borne diaea<ce, 1846 
Tit-Lfjo }$((> 

to looping ill, 1925 
to Kairobi di^ase, 1967 
to relapsing fever, 1803-1805 
to epotted fever, 1846-1848 
Timothy grass bacillus See H^ebaclenai’t 
pWei 

Tilsoe cnltnm, formation of antibodies in. 
1105 

of i?icl<ilsia, 931 
of fiJtrshle nixises, O.'O-Sdl 
Tissue immunity iq relation to local Inunmaty, 
1187 

ToluoL effect of oa antibody formation, 1104 
TonsUiitis, 1478 

chcmopcopbylaxis in, 1479 
chemotherapy m, 1485 
rheumatic fever in rdation to, 1511 
TonsiU, flora of. 1524. 1604. 1992-1996 
Total count of bactena, 80 
Toulon typhus, I845 
Toxsnua, iDtestmal, 1990 
Toiidty, measurement of, 993 
Toxigemcity, bactenal, venation m, 306 
Toxin. Lf and Z,r dose of. 1384 
ZiO and It-f* doss ofl £39 1384 
hlinimal Lethal Dose of, 238. 13S4 


>Toxm antitoxin mixture in diphtheria im 
mnnization, 1392 

Toxin antitoxin jvaetjon, 238-211 See also 
Antigen antibody reactions 
Toxins, bacterial, 1007-1011 »Pee alto under 
individual epecies 
eonstitntion of, 1009 

mode of action of, 1010 See alto vnder 
various bacUna 
Toxoid, 238 

as prophylactic agent in diphtheria, 1392 
in tetanus, 176,1 

Toxoid-antitoxitt floccnics in diphthena im 
muoization, 1393 

Toxoid antktoxm mixtures m diphthena im> 
mniuxatiOD, 1393 
Tosophore grerap, 198 
Trac^ma, 1ST8-1SS0 

foctenum pranuiosia in, 901 1878 
BieltUiia Iraciemalis in, 1879 
virna ongin of, 1879 
TVansmntation, of bactena, 305 
of fibroma to myxoma, 19S0 
of papilloma to carcinoma, 1980 
Trench fever, 936, 1631 
Treponema, 90S 

ansermum, 011,914 

IS avian spirochstosis, ISOS 
inaealie, 19S6 
taVifynm, 918 
atrieri, 1894 
coho jre, 919 
eunietdi, 918 

m rabbit syphihi, 1825 
dutfoni. 1894 
Auponicum, ]$94 
iidcrmedium, 19S6 
l«cAi,160l 

mncT^fnliujn and mieroi/rntiun, OOS, 919 

nofi/i, 18C4 

pellidiffu, 

filtrable form of, 1316 
m syphilis, 1812 
poroum, 5)03 
peraicvni, 1894 
perienue, 012, 918. 1825 
pbofiedenie, 019 
TteurrtrUi*, 910, 012, 913 
inrelapeing fover, 1803 
Ttfnnyene, 618 

iaayphihUclesioa*, 1817 
aojjdianum, 1804 
(emdidts, 903 
vabe^tdHicum, 1S04 
eeaeni<7«na«, 1804 
tiaceali. 914 

la V mcent’s angina, 1810 
Trypaflavine, 300 See alto Acnflavme 
Ttytophan aa bactenal vitamin, 67, 163 
lOIo of in bactenal notnticn, 65 
TteUngsssnshi flivcr. 1843 
Thbcrelc baciliua. 5ee J/ycobccicnum l««r 
cufonj 

Tniercnlui. 410, 1327 

reaction, 1161, 1300-1302. 1324. 1328 
in cattle, 1345 

in contact children. 1303, 1307 
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Taberculin, reaction, m Joline'e disease, 1363 
in guinea pigs, 1320, 132S 
methoda of eliciting 1334 
reUtiooship of to ansphrlaxia, 1161, 
1330 

Tuberculosis, 128^1349 

allergy in, 1161, 1324. 1326-1336 
relation of to immunity, 1330 
baciUxmia in. 1333 
borne by miUE, 1317, 2033 
diagnosis of, 1319 

due to bovine tnberele baciUns, 1239, 
1311, 1317 

epidemiology of, 1291 
fictora affecting mortality from, 1293 
race and animation, 1296 
fatabty of infection in early bfe, 1306 
frequency of m human bangs, 1290, 1299- 
1303 

heredity in, 075, 1293 

immiuuty m, 1330 

mammals, 1342 1349 

in cats and dogs 427, 439, 1343, }343 

m cattle. 1342-1343 

in fouls and other binls, 437. 439 2343 
in goats and sheep, 434, 429 1343 
in gninea pigi 43o, 439, 133o 
in horses. 427. 429. 1343 
IS mice and rats, 436, 439 
in rabbits 424 439, 1343 
m8mne,42> 439, 1343, 1348 
latent, 1303 
mortality from 1203 
of bonne origin ISlTWre; 
ofhumaoongia methods of lafectioQ id, 
1308 

prevention of infection, 1336 
prophylactic vacosation agaiost, 1336 
pol^nary, 1309 tt taj 

childhood and adult types 1314 
due to droplet infection 1312 
to dust infection, 1312 
endogenous and exogenous infoction 
in, 1316 

focal lesions in, 1314 
pathogenesis oi, 1314 
Bihca as kataphykctic agent in relalion to 
1207, 1234 

therapeutic itomomzation against, 1341 
Tularamia, 1730 

laboratory infections in 1721 
lemmmg fever 1731 
Tumours, filtrahle, 1976-1951 
Twort-d ilerelle phenomenon Stt Bacterio- 
phage 

“ Two stage ' hypothesis of antigen antibody 
reactions, 203 
Tyndallization, 7, 114 
Tj-phoid fever Set Enteric fever 
Typhoid paratyphoid pronp See Salmoitella 
Typhus fevers, 1841-1862 See alto BuieUtta 
Branban spotted fever, 1847 
BnUsdtocasc, 1841.1842 
cksacal type of. 934. 1842, 1845, ]gol 
classification of, 18t>2, 1854 
diagnosis of, 1853— 185S 

by complement-fixation test, 1856 


Typhus fevers, diagnosis of, by infection test 
1857 ^ 

by virus nentralaation test, lSo7 
ly Wed Felix test, 1S53-IS58 
exanthematie fever of Slarsedle, 1843 
experimental m gninca-pig, antamiDosis 
intelation to, 1197 • 

flere loulanneMee, 1843 
flea-home, 1845 
gnol fever, 1842 
Kenya fever, 1843 
loose borne, 1842 
Mexican typhus, ISIS 
mite typhus 930. 1841) 
marine type of, 935, 1845, 1834 
ofLukesmdogs 1837 
patholiHg of, 1811 
pn>}&ylAxis and treatment of, lS5s 
bv serum in, 1861 

bj raeciaaticm, 16o9 

Q fever, ISoO 

Itocky mountain spotted fever, 935, 1848 
Sao PanJo typhus, 1817 
semh typhus, 936. 1849. lSo6 
shop typhus, 1815. 

South African tlcklWer, 1848 
tabariillo, 184o 
tick home. 1816-1813 
trench fever, 1851 

tiDpical typhus of htabya, 1845, 1849, 
lSo5 

tsulsogamnshi fever, 936, 1818 
Wed Fehx reaction la, lSo3-1858 
Tynxidin. 174 
TjvothnQo. 174 


Ulcerative lymphangitis of horses, 1403 
Ulcns DoUe, 1790 
Ultrafiltntion, 9 j1 

Ultnmicroscopie Viruses. Fre Viruses ammsl 
Ultra-violet bght, disinfecting action of, lOo 
effect of on boddv resistance, 1203 
on protems, 105 
on toxins, lOo 

use of m photomicrography, 18, 952 
Undulant fever, 1692-1706 
diagnosis of. 1702 
dne to Br altcriut IC97 
abortion in, 1C9S 

butter and chce«e infections m, 1701 
contact infections in, 1701 
instituUonnl outbreats of, ITOl 
laboratory lafecfiom m, 1701, 1703 
latent infections la, 1699 "" 

mi It infections in, 1700 
tonsillar infections in 1703 
due to Br mehtentis. 1693 

epidemiology of, in hlalta 1694 
in other countries, 1697 
eradication of by stopping of goats 

Tniflfj 169j , 

infection of feces and unne in. 1 S'*! 

1703 

due to Br tuts, 1703 

Bulk la relation to, 1635, 1690, 1700, ITOo 

prophylaxis and treatment at, 1706 
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(Tiumolecnlar reaction, similant} of dismfte 
tioa to, 137-110 
Unit of antitoxin, 233 

Unitarian conception of antihodiw, 243, 285 
Uracil. 71 

Urethra, normal flora of, 1997 
Uno acid, fermentation of in differcntiatioa of 
coll aerogenee group, 664 


V factor m relation to grorrth of // infiiumai, 
790-793 

Vaccination, IS8S-1893 
complications of, 1894 

Vaccine therapy; Ste under tndioMtuol 
diseases 

Vaccinia, 1884-1893 Ste also Smallpox and 
Copter 55 

elementary hodiea in, 9o3, 1887 
generalised, in man, 1894 
in rabhit, 1223 

presence of virus in circulating blood, 
1233, 1889 

Vagina, normal flora of, 1996 
Variation of hactena, 23&-3Q7. See under 
indx id«a{ species /or lariattan tn eoek 
« and S phases of antigens, 279, 7IC 
as a guide to antigenic atruetare, 370 
hactenophsge aa -cause of, 337, 340 
fcioclienucs] reactions, in relation to^ 392 
coloBv form, in, 299 
correlated ranations, 290 
n 0 varsetion, 276, 201, 717, 

Impteesed rariationa, 290 
in relation to eoxme systema, 295 
to epioenuc spread, 1260 

m lire, 3o3 

danng nowth, 86 
indnetion o^ 304 
morphology In, 290 
mucoid vanants, 300, 718 
pigment production, in, 299 
p van3nt«(203 

smooth trough (S-+R) varuition, 277, 
278, 299, 717 

prodnction of by growth in immune 
aeni. 304 

specific and gronp phases of Bsgelbr (11) 
antigens, 273, 719 
spore-formation in, 291 
terminology employed in, 233 
transmntation, 305 
virnlenceia, 303, 300 
Varicella, 1901 
Vanola See Smallpox 
VeiUon tube, use of in obtaining pare enltnrce. 
3-»3 752 

rernigo peruana, 903, 1799, 1797 
Vesic^rezanthems of swine, 1908 
Veaicnlar stomatitis of horses 1907 
Vi antigen in Raetenum coli, 715 
Pasteur^la, 774 
Safsi 6at/fnfp, 743 
Sedm horm^het, 744 
Salm jKSralifpht S, 720 
Saint Burnt imAi <7, 73 1 
Salm typhi, 717, 719. 720, 735, 1535, 1647 
Viable count of bacterhi, 81 
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rifirw^ 514-527 

entigemc straeture of, 519 
biochemical eharactenslirs of. 516 
chemical analysis ofi 520 
fermentative classification of, 517 
tuemotyam formation by, 618 
pathogemcaty of, 622 
teautance of, 516 
varution of, 516, 621, 533 
alkoitgtnts, 903 
berolmensta, 525 
eholers!, 514 el seq , 523 

disease caused by 5ra Cholera 
selective media for isolation of, 616 
1424 

toxin prodnction by, 513 
danubicus, 626 

Deneke Bee 1 ibrio lyTogt-nua 
El Tor, 5}S el seq , 52o. 1419 
felut. 526, 1720 

Finkler iSior Set V tfino pmltus 
helcogenes, 536 
•cnn<^, 625 
yjttnt 527 
Alaaaanah, 526 
mrtcAnil'oii, 514 d ttq, 53a 
Naaik. 516. 626 
paraeholerte, 520 
phosph^eteent, 532 523 535 
ptottus, 533, 525 
V|bno subtilis Set Bacilhs 
Ijftvgenus 523, 520 

Vibnon butyriqne Set Cloilndtum liutynevm 
eeptiqne Set Clottrtdtun eephcyin 
Vincent s angmo, 9)4, tSlO 
Vincide) antibodies natnral, 1226 
Vimlence of bacteria 1005 
measurement of. 995 
relation of to mfectmty, 1260 
rongboess and amoothneis is relation to, 
301 

ranotion u 303, 300 
Vimlme, 1070 

Virus diseases 1889-1931 Ste under »n 
dividual diseases 
allergy in relation to, 1241 
characteri^ by catarrhal or generalized 
infection, 1910-1971 
by lesions of the nervous system, 
1915-1943 

by lesions of the skin, 1834-1910 
by tnmour fortoation, I976-I9SI 
hutopathology of 1228 
immunity to 1225-1243 
lymphogranuloma psittacosis group of, 
1860-1830 

mechamral factors In relation to lesions 
of. 1212 

meebamam of infection m, 1227 
tpreading factor m relation to, 1242 
Virus i^ecfjoss, laechsnisms of, 1227 
V irua pnenmomas, 1875 

cold agglutinins in, 1877 
“Vires ” preparations, 1603 
V^rmee, animal. 940-967 

■f^ity of for special tiasaea 057, 1223 
antigeoicr structure of, 963, 1240 
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Vmsea, cultiratioo oC 939 

diseases doe to, 1869-1931. Set alto 
ttndtr inJindual diseatti 
distnbntioa of m tissues, 1227 
habitat of 936 

inclnsioti bodies formed 9a3 1223 
intraeellulaT posibon of, 9oS, 1223 
IdSed, as immniming agents, 1229 
latent infections with, 9o7, 1226 
masbed, 16S9 
metabolism of, 963 
morphology o4 951 
natnre of, 966 
pathogematy of 96o 
pneumonia due to 1S7»-1S77 
pres«iceofin circulating blood, 1223, ISS9 
in Icucocrtes, 9o7, 1233 
resistance of, 961 
sapropbptic forms of, 9o6 
size of tabnlated, OoS 
study of by cataphoresis, 9o0 
by centrifugation, 9o3 
by filtration, 919 
bT BucroscopT, 9al 
be ultrafiltTatioo, 9o] 

Virus-in infection of rab^ta, 1909 See alto 
Chapter 95 

Viscera baetena normally present ifl, 1993 

Vitamm iSre Thu nun 

V itamiB re<iinrenients of bacleru, 66 

sporogeaee, 69 

VlUmuu,inflatacaofanimmiiiuty. 1190-1199 
cyntbeeu and de<racti<Ri of by uitesttaal 
baetena 1991 
TitsmmA 1191 
TitanuD B, lido 
eiUmiflC 1196 
▼itamin D 1193 

V oges Praskauei reaction, 36S COt 

Voldagseos bscdlos See Sdmoiuna (ypAs- 

evisTar evldo^sen 

V oles. Su Field mice 

baciHus of See 3Iyeobaeieniin maru 
fusceptibihty of to tubercle bacQli. 427, 
430 

Volutin gnnnlea, 23, 832 
u C dip\aen<t. 449 

Vulca normal flora of, 1996 

V ulro-Tagirutis m childreD, 11^ 

Warts, common end leu e i e a l, 197S 

Wassermann test, 1817 

interprelation oi, 1820 et ttq 

Water, bacterul flora of, 2012 

factors detennimng, 2013-202! 
bacteriolofical analysis of, 2021-2030 

classification of coliform organ sms, 

20'*4 

coliform count, differential, 2023 
presumptiTe 2022 

exanuMtion for fscal streptocoecj. 
Cl utleiu and pathogenic crgsu 
isms, 202o 

mterpretatioa of 2023 
plate count m. 2021 


Water, bactenological an^jw of. standards 
of punty in, 2029 
diseases earned br, 2031 
distilled, effect of on barter a, 117 
Zeploepm m ISW. 1831 
self punfieatioa of, 2020 
snp^es ift relation to cnUnc fever. 1511 
ewimming bath, 2030 
Wed Felix reaction IS33-1S5S 
'Wed • disease. 182B-1834 
disimosis ot 1832 

differential diagnous of ieom ep^emic 
jaundice. 1833 
Leptoepira htfexata, 1831 
L^otptraeoaieoltiio, 1837 
Icptospme m water in relation to. If 31 
leptoepira} jaundice in animals, 1837 
meningitia in, 1829, 1837 
node of transmusioii ofi 1 830 

mfecUon of rata in relation to, 1S30 
occnpational incidence oC 1829 
projaylaxis and treatmcsit cC 1833 
relation of to other teptogjval mfeeboos 
1834-1537 
water tome 1«3£) 

Welch a bacillus. Fee (7/oitr«fi«n 
Whitmore t haeffioa. See Pje\3eTelto 
Whooping coush, 1662-1666 

•cttvOHamnaiiatianagsmst, 1664 
dMgnoAsoC 1663 
eeruB tmtmeat of 1668 
Wilson and Blairs medium, 1528 
Winter draetilciy of calves. 627 
TomiU&e disease 1798 v 
WblhTuan fever, 1831 
Woods- Fdde* hypothesis, 162 
Worms, in spread of anthrax. 1*32 
Wound coataffiinstioD, 2501 
Wound infocUcn. ]5t^l503 

source# of pyogenic hacterta in 02-1503 
Weight s meli- »r counting baetena, 80 

X &ctor ID relation to growth c^ 77 la^flaeassf, 

7-»0-794 
nature o!^ 791 

X and V factcirs m relation to infection, 1203 
Xerophthalmia, 1191 

X raya, effect of oa antibody fstmafias, IIW 
on bacteria, lOS 


Tdlow ferer, l953-19o3 See also Chapter 53 
jaundico due to Tractmati^ against, lSa7 
Jttngle type ofi I9o4 
visoetotomy service in, 19o4 
Yersin type of tuberculosis, 426 
r«s»” 7o0 

Zidil ^«elscn stain, m ijfcjitificition of bse- 
tena, 359, 40" 

Zcae phenom^k aggloimalion, 21. 

fai sfocjfie precipitation, 201 
" ' 632 
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